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Module 6:  ABC Construction 
Specifications

This module covers:

• Construction specifications

• Fabrication and assembly planning

• Quality specifications

• Repairs

• Materials specifications

• High early strength concrete

• UHPC

• Non-shrink grout

Module 6 covers construction specifications for ABC. 

Construction specifications for ABC can be significantly different than construction 
specifications for conventional construction. The Guide Specifications for ABC contain 
significant information on how to specify construction on an ABC project. 

This portion of the Guide Specifications for ABC is written similar to the AASHTO LRFD Bridge 
Construction Specifications.  The level of detail is not as significant as a typical project-specific 
specifications, but the provisions can be used to develop project-specific construction 
specifications.

Today we will cover:

• fabrication and assembly planning, 

• specifications for quality control, 

• repair of prefabricated elements, 

• and material specifications for high early strength concrete, UHPC, and non-shrink grout. 
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Section 8 – Fabrication & Assembly 
Planning

Prefabricated bridges require a significant amount of fabrication. 

The AASHTO LRFD Bridge Construction Specifications do not have significant specifications for 
prefabrication.  Therefore, specifications were developed to ensure quality fabrication 
practices. 

Article 8.2.2 covers the requirements for the fabrication of precast concrete elements. This 
article specifies the minimum requirements for shop drawings. 
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Shop Quality Control

Article 8.3 of the Guide Specifications for ABC covers quality control in the shop.

For steel elements, the AASHTO LRFD Bridge Construction Specifications are referenced.  This is 
because most agencies have longstanding proven specifications for steel fabrication. 

More significant provisions are provided for precast elements, as they are not as common in 
the industry, and there are limited provisions in the AASHTO LRFD Bridge Construction 
Specifications.
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Precast Concrete QC

Some states allow general contractors to fabricate precast concrete elements. Other states 
require pre-qualified companies or specify industry certifications such as PCI. It is also common 
in rural areas to prefabricate in a near-site location.

For this case, it is imperative that proper quality control procedures are specified. Article 
8.3.2.1 of the Guide Specifications for ABC recommends that project specifications require that 
temporary precast fabrication facilities develop and use a fabrication and quality control 
management process.  The process should be reviewed and accepted by the owner prior to the 
start of fabrication. 
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Precast Concrete QC

Article 8.3.2 of the Guide Specifications for ABC include recommended provisions for quality 
control in the fabrication facility.  The process of fabricating a precast element is completed in 
several stages. Each stage requires a level of quality control. The Guide Specifications for ABC 
include recommended quality control checklists for each stage of production. 

Article 8.3.2.2 of the Guide Specifications for ABC includes a recommended checklist for 
inspection of the forms and reinforcing prior to the casting of concrete, also known as a pre-
pour inspection. This includes dimensional checks, a check on the condition of the forms, and a 
weather check prior to the pour if the facility is exposed to the elements. 
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Precast Concrete QC

Article 8.3.2.3 of the Guide Specifications for ABC includes recommended checklists for the 
pouring of the concrete into the forms.

These checks are primarily concerned with workmanship and quality control of the concrete 
placement and curing.
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Precast Concrete QC

Article 8.3.2.5 of the Guide Specifications for ABC include recommended checklists for 
inspection of the precast element after removal from the forms.

These checks are primarily concerned with the finish, defect detection, and tolerances.
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Dry fitting

• This can lead to higher 

costs

• Not necessary for most 

assemblies

Article 8.3.2.6 of the Guide Specifications for ABC include provisions for dry fitting of 
prefabricated precast concrete assemblies. This process involves temporarily fitting elements 
together to ensure proper fit in the field. 

Dry fitting entire assemblies is not recommended for most projects as it can lead to higher 
costs. Another option is to specify dry fitting of adjacent pieces, especially if there is a complex 
connection. 

If dry fitting is specified, the specifications should require that the contractor develop a dry fit 
assembly plan for approval.
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Final Inspection in Shop

Article 8.3.2.7 of the Guide Specifications for ABC includes provisions for the final inspection 
prior to shipping. This inspection focuses on whether or not the element was properly stored 
and supported in storage and that it is properly prepared for shipping and assembly. 
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Repairs

PCI Northeast Guideline

• Expansion of MNL-137

• Includes most common 

PBEs

• www.pcine.org

Article 8.3.2.8 of the Guide Specifications for ABC include provisions for the management of 
repairs. It is inevitable that the production of large precast concrete elements will result in 
minor nonconformances.  The Guide Specification Provisions reference the PCI Manual for the 
Evaluation and Repair of Precast, Prestressed Concrete Bridge Products. 

The PCI Northeast Bridge Technical Committee has also published Guidelines for the Resolution 
of Non-conformances in Precast Concrete Elements.  This document contains details for all 
typical precast concrete bridge elements, including substructure elements and full-depth deck 
panels. This document contains flowcharts and recommendations for the management of 
nonconformances. It also includes recommendations for finishing precast elements.  It can be 
downloaded for free at: www.pcine.org.
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Assembly Planning

You need instructions for assembly of a toy

Why not for a prefabricated bridge?

If you buy a toy or furniture from a store like IKEA, you might need to assemble it. The pieces 
come with assembly instructions. The construction of a prefabricated bridge is no different. 
Careful thought must be put into the assembly process and laid out in an assembly plan 
document. 

Article 8.5 of the Guide Specifications for ABC include provisions for the assembly of 
prefabricated bridge elements. The provisions call for the development of an Assembly Plan 
Document.  This is a step-by-step process for assembly of the prefabricated elements at the 
bridge site. It is developed by the contractor, since it falls under the realm of contractor means 
and methods.  

Most bridge owners require contractors to develop erection plans for bridge girders. An 
assembly plan is a more detailed document that covers more than just erection.  
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Assembly Plan Requirements for
Prefabricated Elements

Article 8.5.1 of the Guide Specifications for ABC includes the recommended minimum 
information for the assembly sequence that should be included in an Assembly Plan. 

Review the bullets on the slide 
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Assembly Plan Requirements for
Prefabricated Elements

Article 8.5.2 of the Guide Specifications for ABC includes the recommended minimum 
information for the lifting and handling of elements that should be included in an Assembly 
Plan. 

Review the bullets on the slide 
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Assembly Plan Requirements for
Prefabricated Elements

Geometry control and tolerances are an important portion of the assembly plan. Lack of 
geometry control can lead to significant fit-up problems in the field. The photo shows the 
assembly of full-depth precast concrete deck panels that did not go very well.  The contractor 
did not pay close attention to geometry during erection, and the result is an uneven edge of the 
deck which can be seen in the photo. This sort of problem can be avoided with a proper 
geometry control plan.  

Article 8.5.3 of the Guide Specifications for ABC include provisions for the development of a 
geometry control plan that is part of the assembly plan. The geometry control plan should 
demonstrate the means of locating and adjusting elements. This includes the use of working 
lines, layout lines, and control of tolerances. 
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Assembly Plan Requirements for
Prefabricated Elements

The concept of interim material strength has been used very effectively on a number of ABC 
projects.  The idea is to take advantage of strength gain and partial load during the assembly 
process. For example, the load on a bridge column is very light until the deck is cast on the 
bridge.  Even then, that load is not full load as there is no live load on the bridge. 

Based on this, the element and the connections do not need full strength to proceed with the 
next steps in the assembly. Using this approach, a contractor can move the assembly forward 
without needing to wait for connection materials to gain full strength. 

The graphic on the lower left shows a typical strength gain chart for two different types of 
concrete. This demonstrates how some contractors achieve high early strength for poured 
concrete. The lower chart in blue shows a strength gain curve for a mix that might be a 4000 psi 
design. The orange curve shows the strength gain for a mix that might be a 10,000 psi design. 
As you can see, the 10,000 psi mix attains a strength of 4000 psi much faster. This sort of 
concrete mix design is common in the precast industry and becoming more common in the ABC 
world.  We present this information as this sort of approach may be used in an assembly plan 
process.
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Assembly Plan Requirements for
Prefabricated Elements

Article 8.5.5 of the Guide Specifications for ABC includes the recommended minimum 
information for the assembly of post-tensioned structures.  Post-tensioning systems can be 
quite complex.  There are very specific procedures and steps that need to be followed in order 
to have a successful assembly.  
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Assembly Plan Requirements for
Prefabricated Elements

Article 8.5.6 of the Guide Specifications for ABC includes the recommended sequence for the 
construction of post-tensioned bridge decks.  This is especially important for bridge decks that 
are composite with the underlying girders. An important aspect of the sequence is that the 
post-tensioning should be completed prior to making the deck composite with the girders. If 
the post-tensioning is applied after composite action is achieved, the post-tensioning force 
would create a positive bending moment in the girders, which could potentially lead to 
overstressing and reduced structural capacity. 
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Assembly Plan Requirements for
Prefabricated Elements

This is a continuation of the previous provision. 
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Assembly Plan Requirements for
Prefabricated Elements

This is also a continuation of the previous provision. 

This demonstrates that the assembly of a post-tensioned bridge deck is a complex construction 
operation. As we discussed earlier, the final product is a very durable system that will last many 
years.  Therefore, it is still desirable for certain bridges. 

This complexity has led to the development of alternate connections in precast decks including 
the use of reinforced concrete closure joints and UHPC.
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Assembly Plan Requirements for
Prefabricated Elements

Article 8.5.7 of the Guide Specifications for ABC includes provisions for the assembly schedule.  
This is one of the most important parts of an assembly plan. The contractor should develop a 
detailed critical path timeline for all operations involved in the assembly. This schedule should 
account for construction processes, and importantly, the expected strength gain of 
cementitious materials. 

The assembly schedule should include additional time intervals to account for potential field 
problems. It should also address contingency plans for schedule adjustment in the event of 
equipment breakdown or other significant delays. 
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Assembly Plan Requirements for
Bridge Systems

Bridge systems require careful planning. Article 8.6.1 of the Guide Specifications for ABC 
contains recommended requirements for Assembly Plans to assist designers with the 
development of construction specifications for bridge systems. 

This portion of the article notes assembly plan requirements for temporary supports for bridge 
systems. 
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Assembly Plan Requirements for
Bridge Systems

This Portion of the article includes specific recommendations for assembly plans for lateral slide 
bridge systems. 
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Assembly Plan Requirements for
Bridge Systems

This Portion of the article includes specific recommendations for assembly plans for SPMT 
bridge systems. 

As you can see there is a long list of requirements, which reinforces the need for significant 
planning for bridge system installations. 
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Section 10 – Non-shrink Grout

• There is no standard for 

non-shrink grouts

• Not all grouts are alike

• Many shrink quite a bit

• Some expand

In the following slides, we will cover construction specifications for commonly used materials in 
ABC. These are included in Section 10 of the Guide Specifications for ABC.

Article 10.4.3 of the Guide Specifications for ABC include provisions for specifying non-shrink 
grouts.  There are literally dozens of non-shrink grouts in the market, however, there are no 
AASHTO construction specifications for this material. Many states maintain approved product 
lists for proprietary non-shrink grouts, but there is no standard in the industry.

Research by FHWA has shown that not all grouts performed the same. In fact, many grouts 
shrink during curing. FHWA has developed a list of performance tests that can be run on non-
shrink grout that will improve the performance. Performance measures include strength gain, 
minimal shrinkage, durability better than the connected concrete, ease of placement, and the 
ability to fill large voids. 

Shrinkage of grouts has proven to be an issue with durability, since water can migrate through 
cracks. Typical shrinkage tests on grout only measure free shrinkage of a mortar bar. Without 
restraint the specimen will not crack. To check the true performance of a grout, a confined 
shrinkage test is in order. A test has been developed by AASHTO and ASTM that is called the 
ring test. The graphic on the right shows what a test might look like. The concept is that a ring 
of grout or concrete is cast around a steel ring equipped with strain gauges on the inner 
surface. As the concrete shrinks, the steel ring will be put into compression. When the concrete 
cracks, the strain goes to 0. 

The performance recommended by FHWA is that the specimen in this test exhibit no cracking in 
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four days. The other performance measures and tests are listed in this article. These tests 
should be considered as part of a pre-qualification testing program. Once a grout is approved for 
use, these tests would not be required during construction. 
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Section 10 – Concrete Materials

High early strength concrete is becoming a common material in ABC. It can be used to connect 
concrete elements in reinforced concrete closure joints. When combined with hooked bars, the 
width of the joints can be kept quite small. This can be a cost-effective means of connecting 
precast elements when compared to other options such as post-tensioning or UHPC. This is 
because it can be produced in large quantities and delivered with ready-mix trucks. 

The photo on the right shows the construction of a large bridge in Boston MA. High early 
strength concrete was used in the closure joints to connect the deck panels. 

Article 10.4.4 of the Guide Specifications for ABC include provisions for the development of a 
performance specification for high early strength concrete. As with non-shrink grouts, shrinkage 
of the confined concrete is a significant concern. As we discussed earlier today, cracking in 
these joints due to restrained shrinkage can be problematic for durability. 

25



26

Reasons for cracking in joints

Concrete closure Joints
• Concrete in closure joints is highly restrained during curing
• Autogenous shrinkage leads to tensile stress and cracking

• To minimize cracking, the concrete tensile resistance gain needs to 
outpace the shrinkage tensile strength gain during curing

If:  Internal shrinkage tensile stress > Mod. Of Rupture = Crack

This varies over time

The question that can be asked is: What causes cracking in closure joints? 

The concrete placed in closure joints is highly restrained by the adjacent elements. Autogenous 
shrinkage will result in the development of tensile stress in the concrete during curing. The key 
to minimizing shrinkage cracks is to have the concrete tensile resistance gain outpace the 
shrinkage tensile strength gain during curing. Adding moisture to concrete during curing delays 
the development of autogenous shrinkage, allowing the concrete to gain strength before 
shrinkage occurs. 
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Section 10 – High Early Strength Concrete

The provisions in the Guide Specifications for ABC includes performance testing for the pre-
qualification of a high early strength concrete. There are several keys to reducing shrinkage in 
concrete. Research has shown that a water to cementitious material ratio that is less than 0.4 is 
beneficial.  Other recommended material properties are listed in the provision as well.  
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Section 10 – High Early Strength Concrete

A restrained shrinkage test is also recommended. The ring test can be used during the 
development of the mix design for the concrete. This test will not guarantee that the actual 
joint will not crack, but it can be used to compare one mix against another. 

The recommended performance measure for this test is no cracking after 14 days of cure. 
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Section 10 – High Early Strength Concrete

Article 10.4.4.1 of the Guide Specifications for ABC includes provisions for a performance-based 
mix design. The contractor is responsible for developing a mix, testing the mix, and submitting it 
for approval as part of the assembly plan. 
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Section 10 – High Early Strength Concrete

As previously stated, the ring test may not guarantee that a closure joint will not crack. 

If an owner desires a higher level of pre-construction testing, a full scale test can be run. Article 
10.4.4.2 of the Guide Specification Includes recommended provisions for this test. 

The key is to have a test specimen that is similar to the proposed closure joint. 
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Section 10 – High Early Strength Concrete

Example of a field trial 
placement

The detail on the right is included in the Guide Specifications for ABC. It is an example of a full-
scale test specimen that was used on several projects in the northeast. 

This precast panel is approximately 10 feet wide and 14 feet long. The center of the panel is a 
large block out that is approximately 10 feet long with reinforcing projecting from the precast 
portions. The width of the closure joint should be approximately the width of the joint in the 
proposed project. The reinforcement should also be similar to the proposed design.  The 
surrounding precast concrete completely confines the concrete in the closure joint area. 

The Guide Specifications for ABC include recommendations for the criteria for this test. 

• The closure joint concrete shall not exhibit cracking or separation from the adjacent element 
in excess of 0.010 inches

• There shall be no more than one visible transverse crack per 10 feet of joint length. A visible 
crack is defined as a crack between 0.010 inches and 0.016 inches.

• The evaluation of the performance is completed 14 days after placement. 

This can be an expensive test to run. An owner may elect to allow the use of a previously 
approved high early strength concrete on subsequent projects with similar joint details. 
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Section 10 – Ultra High Performance 
Concrete Specifications

Performance Specification 
developed by FHWA

The specification of ultra-high-performance concrete has been problematic in the industry. At 
first, the only available material was a proprietary mix. A number of states have been working 
with local universities to develop non-proprietary mixes. FHWA has developed a performance 
specification for UHPC that can be used for the procurement of proprietary and non-
proprietary mixes. 

Article 10.4.5 of the Guide Specifications for ABC includes provisions for a performance 
specification for UHPC. There are several key provisions that must be met in order for a mix to 
be considered UHPC.

• It must contain fiber reinforcement in excess of 2% by volume 

• It must exhibit post-cracking tensile stress resistance in excess of 720psi.

The specification doesn't explicitly require steel fibers, however, research has shown that only 
steel fibers can develop the post-cracking tensile stress resistance.  The specification was 
written in this fashion to allow for the development of alternate fibers for future UHPC mixes. 
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Section 10 – Ultra High Performance 
Concrete Specifications

Performance Specification 

developed by FHWA

Article 10.4.5.1 of the Guide Specifications for ABC notes that acceptance testing and 
performance testing is required for UHPC. 
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Section 10 – Ultra High Performance 
Concrete Specifications

Performance Specification 

developed by FHWA

Table 10.4.5.1-1 of the Guide Specifications for ABC lists the required pre-construction testing 
and construction testing. Highlights include:

• Compressive strength in excess of 14 ksi after four days 

• Compressive strength in excess of 21 ksi after 28 days 

• Chloride permeability less than 500 coulombs at 28 days. 
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Section 10 – Ultra High Performance 
Concrete Specifications

Performance Specification 

developed by FHWA

Early UHPC projects used on bare concrete decks exhibited minor water leakage at the 
interface between the precast panel and the UHPC material. This was studied by FHWA.  The 
conclusion was that the adjacent dry concrete surface had absorbed moisture from the UHPC at 
the interface, resulting in a loss of bond. 

Article 10.5.4.2 of the Guide Specifications for ABC include provisions to address this problem. 
The first provision is to use an exposed aggregate finish at the interface. The second provision is 
to pre-wet the interface to achieve a surface saturated dry condition prior to the UHPC pour. 
These measures have proven to help eliminate issues at the interface region of the UHPC joint. 
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Section 10 – Ultra High Performance 
Concrete Specifications

One of the issues with UHPC is that it is very fluid when placed. This causes two problems:

First, the forms need to be carefully sealed to prevent leakage of UHPC during the pour. 
Experience has shown that UHPC will leak through even the smallest hole in a form. 

Second, the mix is essentially self-leveling and can run easily downhill. If the pour is not 
perfectly flat, it will not stay in place without forming. For pours on slopes such as cross slopes 
on bridge decks, top forms will most likely be required to maintain the cross slope on the top of 
the poor. 

Article 10.4.5.3 of the Guide Specifications for ABC include provisions to address these two 
issues.  Other recommendations are also included. 
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Section 10 – Ultra High Performance 
Concrete Specifications

Other UHPC Provisions

The Guide Specifications for ABC also include UHPC provisions for:

• mixing,

• placing,

• finishing,

• and curing 
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Section 10 – Surface prep for Concrete 
Connections

Article 10.6.1 of the Guide Specifications for ABC includes provisions for the preparation of 
surfaces for concrete connections. This provision includes a recommendation to use an exposed 
aggregate finish to prevent leakage of water. This provision also recommends the use of surface 
saturated dry conditions prior to the placement of cementitious materials. 

There is no standard specification that defines surface saturated dry. The commentary for this 
article includes a definition that states:

“The condition of a surface where the surface is “dry” (i.e. surface absorption would no longer 
take place), but the interparticle voids are saturated with water.” Another way of defining this 
is a surface that is visibly damp, but with no standing water or water droplets on the surface. 

The commentary indicates that in order to achieve a surface saturated dry condition, 
prewetting would be required for at least several hours prior to the placement of joint 
materials. 
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Section 10 – Grouted Coupler Connections

Article 10.6.3 of the Guide Specifications for ABC include recommended specification language 
for grouted couplers.  These devices are proprietary and make use of proprietary materials. 

Prequalification of couplers is typically achieved through mechanical testing of the devices. This 
is to ensure that the couplers will meet the strength and ductility requirements specified. 

As previously discussed in this training, the Guide Specifications for ABC contain two types of 
couplers. Type 1 couplers are the same as mechanical bar splicers in the AASHTO LRFD Bridge 
Design Specifications, which need to develop 1.25 times the specified bar yield stress.  Type 2 
couplers need to develop 100% of the specified tensile strength of the connected bar.  

The specifications should require that certified test reports be supplied to verify the strength of 
the couplers. 
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Section 10 – Grouted Coupler Connections

This article also requires that the grout inside the coupler be supplied by the manufacturer of 
the coupler. These devices use specialized grout materials to achieve high strength and 
consistent results. 

The commentary notes that for Grade 60 reinforcing bars, the Type 2 coupler needs to develop 
150% of the specified yield stress of the connected bar. 
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Section 10 – Grouted Coupler Connections

Article 10.6.3.2 of the Guide Specifications for ABC include recommended specification 
language for the installation of grouted couplers.  These provisions are based on common 
practice used in the industry. 

An important aspect of this provision is a recommendation to cut the projecting reinforcing bars 
to the required length just prior to erecting the connected element. This allows for adjustment 
of joint widths without sacrificing embedment length into the coupler. 

These provisions also note that minor modifications to the sequence may be required based on 
the manufacturer’s specifications for their product. 
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Section 10 – Grouted Coupler Connections

This provision also recommends testing requirements for the grout.  It notes that the contractor 
is responsible for sampling and testing of the grout specimens. 
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End of Module 6

Available Modules

Seismic
7. Introduction to ABC Seismic

8. Seismic Connection Design and Detailing

9. Seismic Pocket and Socket Connections

10. Seismic Integral Connections

Non-seismic
1. General Provisions and Common 

Connections

2. Substructure Design

3. Superstructure Design

4. Bridge Systems

5. Durability of ABC Designs

6. ABC Construction Specifications
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