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EXECUTIVE SUMMARY 

 

Achieving a 50% improvement in construction craft productivity in six years 

would break a century old tradition of stagnation, a trend that has been interrupted only 

by periodic incremental improvement. The first and the second phases of a six-year 

research program were successfully completed in the last two years. The following report 

details the findings from the third phase in this past year. 

Direct work typically amounts to no more than 35-45% of a craftsman‘s time on 

the job. To improve craft productivity, direct work time must be improved. To increase 

direct work time, the availability of materials, information and tools at the workface must 

be improved. There will be no ―magic bullet‖ that will make this happen, but rather a 

series of innovations that together produce change. They will include a combination of 

broad improvements in practice and focused improvements in technology and process.  

To achieve these improvements, Research Team (RT) 252‘s rolling, five-phase 

program injects innovations annually via a sequence of innovation workshops, field trials, 

analysis, and implementation tool delivery. Each phase of the program involves the 

following: 1) analyses of the CII BM&M data to identify best practices that appear to 

have an impact on productivity, 2) exploring opportunities for productivity improvement 

through craft information, technology support for labor, work packaging/organization, 

and human behavior, and 3) soliciting innovation input from structured workshops and 

team members‘ expertise.  
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Analysis of the CII Benchmarking and Metrics (BM&M) data in this phase of the 

program found relationships between certain management practices and productivity in 

the concrete trades. The results indicate that projects with a high level of implementation 

of safety programs, information systems integration, materials management systems, 

team-building, front end planning, constructability, and change management experienced 

better labor productivity in the concrete trades. These findings suggest an overall level of 

synergy with the practices that were found to be related to better productivity in the 

concrete trades. These findings also suggest an overall level of synergy with the practices 

that were found to be related to better productivity in the mechanical and electrical trades, 

as reported in previous phases. 

Thus, RT 252‘s efforts in the first research phase also focused on a thorough 

search and definition of best productivity practices. When these practices have become 

rigorously weighted and properly structured, they will become part of a Best Productivity 

Practices Implementation Index (BPPII). The BPPII is in the process of being validated in 

the last phase and this phase, and will be delivered as an implementation tool in the final 

phase of the program. No existing CII tool addresses productivity as directly as the BPPII 

will. Until it is fully developed, however, exciting innovations will continue to emerge 

and this research program will continue to track and analyze them. 

For this phase of the program, the team has charted new directions for the 

industry by producing implementation resources that can increase craft wrench time, 

reduce rework, and reduce the number of hours required to complete one unit of work. 

The investigations are as following: 1) using innovations to reduce the number of work 

hours required to complete one unit of work; 2) reducing the amount of rework on 
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projects; 3) using the BPPII as a comprehensive productivity improvement roadmap. 

There are other documents and products related to Phase II that should be considered 

companion documents to this one. The first, A Guide to Construction Rework Reduction, 

(CII IR 252-2b) is a useful tool for implementation. This final report to Phase III provides 

the research background for that guide, but the guide includes additional content that the 

reader may wish to access by getting a copy. The research summary for Phase III, 

Construction Productivity Research Program Phase III, (CII RS 252-1b) is also a useful 

document related to this one. 

Implementing the best productivity practices identified in this first phase and the 

second phase is expected to result in significant productivity improvement on your 

project. More is yet to come in subsequent project phases. This report includes five 

chapters. Chapter 1 provides an overview of the Construction Productivity Program. 

Chapter 2 analyzes project practices related to concrete productivity. Chapter 3 take an 

in-depth look at the concrete innovations. Chapter 4 discusses the Rework Reduction 

Program (RRP) research. Chapter 5 updates the best productivity practices 

implementation index (BPPII). Chapter 6 is the conclusion of this report. 
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CHAPTER 1 . INTRODUCTION 

 

1.1 Background 

The complexity and longstanding difficulty of promoting significant improvements in 

construction productivity prompted CII to take an unusual approach to meeting this industry 

challenge. In 2007, CII formed the Research Team (RT) 252, Construction Productivity 

Research Program. The program was established with the primary objective of identifying and 

validating one or more initiatives, techniques, or methods that, if implemented, would result in a 

breakthrough improvement in construction productivity. This research summary presents the 

results of the third phase of the RT 252 journey to improve construction productivity. 

 

From its inception, the members of the team grasped the fact that there is no single 

approach to improving productivity. Instead, they found that a multitude of techniques and 

methods for improving productivity are used throughout industry, usually in isolation. To 

counter such fragmented implementation, they decided on an approach that would identify these 

techniques and synthesize them into a cohesive roadmap. Their intent is to offer a coherent 

overview of productivity improvement tools to help develop sustained improvements in 

construction productivity—at least among the companies that use it. While this research 

summary focuses on the accomplishments of RT 252 during Phase III, it must first revisit the 

background of the program for the benefit of the reader. 
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1.2 Definition of Construction Productivity 

Because construction productivity has been defined in a variety of ways, it is difficult to 

establish a standard productivity measurement for the industry. The difficulty of measuring 

productivity has generated a number of questions; these include ―What is the best way to 

measure construction productivity?‖ and ―Has construction productivity been improving or 

declining over the past several decades?‖ among others. 

 

Governmental agencies typically define productivity as the ratio of outputs to inputs, 

either in the form of labor productivity (i.e., industry real output per work hour) or multi-factor 

productivity (i.e., industry real output per total cost of inputs, including labor, equipment, and 

materials). In order to control jobsite productivity, a site construction manager is likely to 

measure productivity differently—either as a performance ratio (e.g., actual quantities installed 

per estimated quantities installed), direct work rate (i.e., tool or wrench time), or as labor 

productivity (e.g., work hours per quantities installed). The CII Benchmarking and Metrics 

(BM&M) committee measures construction productivity as the number of work hours per unit of 

installed work.  

 

What complicates any discussion of construction productivity is that any of the above-

mentioned approaches to productivity measurement are correct and effective at controlling 

productivity, if used correctly. At the outset of this program, RT 252 adopted the CII BM&M 

definition of construction productivity, i.e., work hour per unit of installed work. One nuance of 

this definition is that a lower measurement is better. That is, it is in a project‘s best interest to use 

as few work hours as possible to install a given quantity of work.  
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1.3 Primary Objective 

The primary objective of this research program is to significantly improve construction 

productivity. By combining different approaches, the team works to identify the following 

opportunities to improve craft performance: 

• increasing the time spent on direct work through activity analysis 

• implementing innovations with potential to reduce the number of work hours required 

to complete one unit of work 

• reducing the amount of rework 

• using the Best Productivity Practice Implementation Index (BPPII) as the basis of a 

comprehensive productivity improvement roadmap. 

The diagram in Figure 1-1 illustrates the synergistic relationships among all of these 

efforts. 

The BPPII is designed to provide initial and ongoing evaluation of a project‘s planning 

and implementation levels of the best practices that influence craft productivity. The BPPII 

roadmap incorporates the following six broad improvement areas: 1) Materials Management, 2) 

Equipment Logistics, 3) Craft Information Systems, 4) Human Resource Management, 5) 

Construction Methods, and 6) Environmental, Health, and Safety. 
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Figure 1-1. The Construction Productivity Research Program’s strategy for productivity 

improvement 

 

1.4 Specific Objectives of the Research 

The RT 252 vision for promoting significant productivity improvement focuses on the 

development of the series of deliverables that is outlined in detail in Figure 1-2. 
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Figure 1-2. Construction Productivity Program timeline 

 

Each phase of the RT 252 program examines a series of innovations, both in the form of 

process innovations and new discrete practices summarized through case studies. In Phase I, the 

team focused on innovations that were unique to the mechanical trades. (See IR 252-2, 

Innovations in Mechanical Construction Productivity.) While the team received positive 

feedback from a number of CII member companies that used these case studies for their own 

internal reviews, other member companies identified other innovations with a larger, cross-

cutting scope. In response, the team chose to conduct field studies during Phase II, utilizing an 
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advanced form of activity analysis, called work sampling. Although work sampling has a long 

history, the team‘s investigations indicated that companies implementing more rigorous and 

continuous processes experience dramatically higher direct work rates. Since improving direct 

work is one of the program‘s lines of inquiry into improving craft performance, the team chose 

to develop an activity analysis guide. (See IR 252-2a, Guide to Activity Analysis.) Anticipating 

potential feedback, calling for more trade-specific innovations, the team focused its Phase III 

efforts on a combination of cross-cutting innovations (e.g., a rework reduction tool) and on 

concrete-specific innovations, since the concrete trade is the focus of this phase of the study.  

The team‘s analyses of benchmarking and metrics data continue to identify significant 

management practices related to better labor productivity on CII projects. The Phase III efforts 

focused on identifying significant management practices related to the concrete trade. The results 

of these analyses are presented in the Best Productivity Practice Implementation Index (BPPII), 

the team‘s framework for overall productivity improvement. In Phase I, the team‘s work on the 

BPPII involved developing its structure and defining the elements necessary to support craft 

productivity. In Phase II, the focus was on developing a scoring mechanism and beginning a 

validation process for the index. In Phase III, the team collected additional validation data. (More 

details are provided below.) 

 

1.5 The Shift from Craft Productivity to Construction Productivity 

The original RT 252 charter focused exclusively on improving craft workers‘ direct work 

rates. However, as described above, the program‘s strategy has evolved since its beginnings, and 

now involves going beyond its initial investigation into improving direct work rates. The 

program is now investigating the following: 
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• using innovations to reduce the number of work hours required to complete one unit of 

work 

• reducing the amount of rework on projects 

• using the BPPII as a comprehensive productivity improvement roadmap. 

Thus, the new name was adopted to better reflect the program‘s now broader scope. 
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CHAPTER 2 . ANALYSES OF PROJECT PRACTICES AND 

PRODUCTIVITY 

 

Phase III of the Craft Productivity Program focused on ways to improve productivity in 

concrete construction. Analyses described herein describe the relationship between the 

implementation level of project practices and their corresponding productivity performance in 

the concrete trades through a series of statistical analyses utilizing the CII Benchmarking and 

Metrics dataset.  

A project-level analysis was performed using project practice data and corresponding 

project productivity performance data. The CII BM&M program collects data on specific 

practices as part of developing an overall index for certain area practices, such as materials 

management and front end planning. RT 252 identified the specific practices that were 

statistically correlated to better productivity before including them in the overall practice index. 

CII defines productivity as the ratio of actual work hours per installed quantity, which is 

expressed in the Equation 2-1.  

Equation 2-1: 

Therefore, a better productivity is indicated by a smaller number. Furthermore, to ensure 

organization confidentiality, the raw productivity metrics were normalized between one and 10 

using the Max-Min method of normalization. The practice indexes included in this report only 

include the specific practices that were found to be significantly related to improved productivity 

in the concrete trades. The relationship between normalized productivity for the concrete trades 

with the practice indexes was then compared. For the purpose of the analysis, projects scoring 
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five percent above the overall median of each practice index were classified as having a high 

level of use in reference to the overall practice, and projects scoring five percent below the 

median were defined as having a low level of use.  

This chapter presents RT 252‘s statistical analysis results on concrete trades, examining 

the relationship between concrete craft productivity and management practices in various areas. 

In addition, this chapter also presents the identified key practices related to each management 

area.  

2.1 Front End Planning 

Front end planning involves the process of developing sufficient strategic information in 

order to allow owners to address a project‘s risk and decide to commit resources to maximize the 

chance for a successful project. RT 252 found the following front end planning practices to be 

most significant and included them in an overall front end planning composite index:  

1) integration of constructability feedback into front end planning;  

2) designation of contingency funds; and 

3) meeting front end planning objectives in a timely fashion, and in accordance with 

project schedule requirements. 

RT 252 identified a significant relationship between front end planning and concrete craft 

productivity. By comparison of normalized concrete labor productivity, it is noted that projects 

with a high level of front end planning are able to improve productivity up to approximately 

41.5% compared to the low-level projects (see Table 2-1).  
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Table 2-1.Front End Planning versus Concrete Craft Productivity 

Trade 
Normalized Labor Productivity 

High Level Front End 

Planning 
Low Level Front End 

Planning 
Δ t Sig. 

Concrete 3.9 6.3 -2.4 -2.4 .02 

 Percent Difference in Labor Productivity 

 Front end Planning 

Concrete 41.5% 

 

Certainly, other practices under the umbrella of front end planning are also important. 

However, the above identified practices are statistically significant with improved concrete 

productivity among the sampled projects. The BM&M‘s average scores of each significant 

practice involved in front end planning is shown in Figure 2-1, which gives an idea of how 

participating companies stand in relation to their peers.  

 

 

      

Integration of constructability into the 

Front end planning process 
0 1 2 3 4 

      

Designation of contingency funds 0 1 2 3 4 

   
 

  

Meeting front end planning objectives in 

a timely fashion, and in accordance with 

project schedule requirements 

0 1 2 3 4 

 Poor   Excellent 

 

Figure 2-1.BM&M’s Average Scores of Critical Practices involved in Front End Planning 

 

2.2 Team Building 
 

CII defines team building as a formal project-focused process that builds and develops 

shared goals, interdependence, trust and commitment, and accountability among team members, 

BM&M‘s Avg. =2.7 

BM&M‘s Avg. =1.8 

BM&M‘s Avg. =2.7 
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as well as improving team members‘ problem-solving skills. Using the BM&M‘s data, RT 252 

identified the inclusion of major suppliers in the team building process is of significance to the 

concrete craft productivity. This finding intuitively makes sense, since concrete suppliers play an 

important role in ensuring the timely availability of concrete at construction sites. Statistical 

analysis shows that the composite team building index developed based upon the identified 

practice has a positive relationship with craft productivity (Table 2-2). Approximately 50.6% 

difference in raw productivity was observed on the projects stressing more on major suppliers‘ 

involvement in team building process.  

Table 2-2.Team Building versus Concrete Craft Productivity 

Trade 

Normalized Labor Productivity 

High Level Team 

Building 
Low Level Team 

Building 
Δ t Sig. 

Concrete 3.1 4.5 -1.4 -3.1 .00 

 Percent Difference in Labor Productivity 

 Team Building 

Concrete 50.6% 

 

Figure 2-2 shows that, among the BM&M participating companies, only 18.9% of them 

included major suppliers in the team building process, which is relatively low. However, 

statistical analyses showed including major suppliers in the team building process is significantly 

correlated with better concrete craft productivity.  

 

Party Involved  in Team Building Process     

Major Suppliers     

 0% 25% 50% 75% 100% 

Figure 2-2.BM&M's Percentage of Sampled Projects include Major Suppliers in Team 

Building Process 

BM&M‘s Total =18.9% 
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2.3 Change Management 
 

CII addresses change management as the process of incorporating a balanced change 

culture of recognition, planning, and evaluation of project changes in an organization to 

effectively manage project changes. RT 252 identified the following practices to be correlated to 

the improved concrete craft productivity: 

1) Clearly specifying change management process in the project contract; 

2) Ensuring that key project personnel (from both owner and contractor teams) 

understand  the change management process; 

3) Proactively managing changes on detailed engineering/design; 

4) Requiring major changes (i.e. those that exceeded a specified project threshold) to go 

through a formal change justification procedure; 

5) Requiring owner authorization before implementation of major changes; and 

6) Communicating change information to key project participants. 

RT 252 identified a significant relationship between change management and concrete 

craft productivity. It is noted that the projects with a high-level of change management 

implementation obtained 49.5% better craft productivity compared to a low-level use projects. 

(See Table 2-3.)  

Table 2-3. Change Management versus Concrete Craft Productivity 

Trade 

Normalized Labor Productivity 

High Level Change 

Management 
Low Level Change 

Management 
Δ t Sig. 

Concrete 4.3 5.8 -1.5 -1.9 .05 

 Percent Difference in Labor Productivity 

 Change Management 

Concrete 49.5% 
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Clearly specifying the change management 

process in the project contract 
1 2 3 4 5 6 7 

        

Ensuring that key project personnel (from both 

owner and contractor teams) understand  the 

change management process 

1 2 3 4 5 6 7 

 
Not at all 

well 
Moderately Very Well 

        

Proactively managing changes on detailed 

engineering/design 
1 2 3 4 5 6 7 

 Not at all Moderately Very 

        

Requiring major changes (i.e. those that 

exceeded a specified project threshold) to go 

through a formal change justification procedure 

1 2 3 4 5 6 7 

     
 

  

Requiring owner authorization before 

implementation of major changes 
1 2 3 4 5 6 7 

        

Communicating change information to key 

project participants 
1 2 3 4 5 6 7 

 Not at all Sometimes Always 

Figure 2-3. BM&M’s Average Scores of Critical Practices involved in Change Management 

 

The BM&M committee uses a seven-point scale to measure the level of a project‘s performance 

on practices associated with the change management program. Figure 2-3 presents the average 

performance of the sampled project on the critical practices involved the change management 

that were statistically correlated to improved concrete productivity.  

 

BM&M‘s Avg. = 6.1 

BM&M‘s Avg. =6.4 

BM&M‘s Avg. =6.5 

BM&M‘s Avg. =6.1 

BM&M‘s Avg. =6.9 
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2.4 Materials Management 
The CII BM&M program addresses 12 practices involved in a materials management 

program. Obviously, each of the practices under a materials management program is essential to 

a project‘s overall productivity, however, RT 252 identified seven practices statistically related 

to improved concrete productivity, including the following:  

1) Integration of designated materials management organization across project team; 

2) Effective site materials management during the construction phase; 

3) Effective materials tracking and reporting system; 

4) Effective purchasing plans & procedures over the life of the project; 

5) Effective receipt and inspection procedures for critical materials and equipment; 

6) Adequate pre-qualification process for securing the appropriate suppliers of major 

equipment and materials; and 

7) Materials management plan utilizing quality management practices. 

As a result, a composite practice use index was developed based on the seven practices. 

Using the same criteria as already described, projects scoring above five percent of the overall 

median of the new practice use indices were classified as a having a  high level use, and projects 

scoring below five percent of the median were otherwise classified as a having a low level use.  

According to Table 2-4, projects with a high level of materials management program 

implementation can save 1 time unit per unit of installed quantity compared to low-level 

implementers. A percentage difference in raw productivity was also calculated between low- and 

high-level implementers, a measurement that indicated that high-level implementers among the 

sample projects were 44.5% more productive than their counterparts. (See Table 2-4.)  
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Table 2-4.Material Management versus Concrete Craft Productivity 

Trade 

Normalized Labor Productivity 

High Level Materials 

Management 
Low Level Materials 

Management 
Δ t Sig. 

Concrete 3.7 4.7 -1.0 -1.8 .06 

 Percent Difference in Labor Productivity 

 Materials Management 

Concrete 44.5% 

 

The CII BM&M committee uses a 0-4 scale to measure the performance on the specific 

practices in the materials management program. A ―0‖ rating indicates not implementing a 

specific practice at all on a project, and ―4‖ indicates implementing a practice fully on a project. 

Figure 2-4 describes the average performance of the BM&M sampled projects on the practices 

that were found statistically correlated to improved concrete craft productivity.  
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Integration of designated materials 

management organization across project team 
0 1 2 3 4 

      

Effective site materials management during the 

construction phase 
0 1 2 3 4 

      

Effective material tracking and reporting 0 1 2 3 4 

      

Effective purchasing plans and procedures 

over the life of the project 
0 1 2 3 4 

      

Effective receipt and inspection procedures for 

critical materials and equipment 
0 1 2 3 4 

 
 

    

Adequate prequalification processes for  

securing the appropriate supplier of major 

equipment and materials 

0 1 2 3 4 

   
 

  

Materials Management planning that utilizes 

quality management practices 
0 1 2 3 4 

 
Not at all 

   Fully 

Figure 2-4. BM&M's Average Score on Critical Materials management Practices 

 

2.5 Safety 
 

RT 252 identified safety as one of the most important productivity drivers in both Phase I 

and Phase II among mechanical and electrical trades. RT 252 identified that safety continues this 

trend by having a strong correlation with concrete productivity. Zero accident techniques are one 

BM&M‘s Avg. =3.3 

BM&M‘s Avg. =3.2 

BM&M‘s Avg. =3.3 

BM&M‘s Avg. =3.3 

BM&M‘s Avg. =3.1 

BM&M‘s Avg. =3.2 

BM&M‘s Avg. =3.4 
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of CII‘s best practices addresses safety in 18 different specific areas. RT 252 identified eight 

critical practices out of the current 18 zero accident practices to be highly correlated with 

concrete productivity and were included to develop composite safety index: 

1) Prioritization of Safety as a topic at pre-construction and construction meetings; 

2) Performance of safety audits by corporate safety personnel; 

3) Utilization of safety performance as a criterion of contractor/subcontractor selection; 

4) Formal investigation of near misses; 

5) Requirement of pre-employment substance abuse tests for contractor employees; 

6) Performance of random alcohol and drugs screening  for contractor employees; and 

7) Substance abuse tests after accidents. 

However, it should be stressed that all zero accident practices are necessary to preserve the 

health and safety of everyone on a construction jobsite. RT 252 quantified the difference in both 

normalized and raw concrete productivity between the low and high-level projects. Projects with 

better safety implementation showed 38.6% better concrete craft productivity than their 

counterparts. (See Table 2-5.)  

Table 2-5. Safety versus Concrete Craft Productivity 

Trade 

Normalized Labor Productivity 

High Level Safety Low Level Safety Δ t Sig. 

Concrete 3.0 4.3 -1.3 -2.5 .01 

 Percent Difference in Labor Productivity 

 Safety 

Concrete 38.6% 
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Figure 2-5 illustrates the average scores of the BM&M sampled projects on the identified 

seven critical safety practices.  

 

    
 

    

Prioritization of Safety as a topic at pre-

construction and construction meetings 
0 1 2 3 4 

 Not at all  Moderately  Extensively 

      

Performance of safety audits by corporate 

safety personnel 
0 1 2 3 4 

 
Annually 

or less 
Monthly 

Bi-

weekly 
Weekly Daily 

 
 

    

Utilization of safety performance as a 

criterion of contractor/subcontractor 

selection 

0 1 2 3 4 

 Not at all  Moderately  Extensively 

   
 

  

Formal investigation of near misses 0 1 2 3 4 

 Not at all  Some  Always 

      

Requirement of pre-employment substance 

abuse tests for contractor employees 
0 1 2 3  

 Never Some Usually Always  

      

Performance of random alcohol and drugs 

screening  for contractor employees 
0 1 2 3 4 

 
Not at all Once a 

year 

Twice a 

year 

Quarterly Monthly 

      

Substance abuse tests after accidents 0 1 2 3  

 Never Some Usually Always  

Figure 2-5. BM&M's Average Scores of Critical Safety Practices 

BM&M‘s Avg. =1.5 

BM&M‘s Avg. =0.6 

BM&M‘s Avg. = 2.6 

BM&M‘s Avg. =2.6 

BM&M‘s Avg. =1.7 

BM&M‘s Avg. =1.3 

BM&M‘s Avg. =3.8 
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2.6 Integration of Information Systems 
 

CII defines integration as the sharing of information among project participants to 

support effective execution. The integration of information systems index quantifies the level of 

implementation on 13 work functions, including business planning and analysis, conceptual 

definition and design, project (discipline) definition and facility design, supply management, 

coordination system, communications system, cost system, schedule system, quality system, off-

site/pre-construction, construction, as-built documents, and facility start-up and life cycle 

support. CII RT 252 identified three work functions: 1) project (discipline) definition and facility 

design, 2) schedule system, and 3) facility start-up and life cycle support are statistically 

correlated with improved concrete craft productivity. Statistical analysis shows a significant 

relationship between projects‘ high level use of integration information systems and better 

productivity among the projects‘ concrete trades. The projects with more integration of the three 

work functions discussed above experienced a productivity advantage over the projects with less 

integration among the same functions. (See Table 2-6.)  

Table 2-6. Integration of Information Systems versus Concrete Craft Productivity 

Trade 

Normalized Labor Productivity 

High Level Integration of 

Information Systems 
Low Level Integration 

of Information Systems 
Δ t Sig. 

Concrete 4.1 5.3 -1.2 -2.6 .01 

 Percent Difference in Labor Productivity 

 Integration of Information Systems 

Concrete 33.4% 

 

A five-point scale (from 1-5) was used to define the level of integration of information 

system on each work function. ―1‖ indicates none/minimal use, and ―5‖ indicates full use. 

Detailed descriptions were provided in the surveys that BM&M committee used to collect the 

data. Figure 2-6 illustrates the BM&M‘s average level of integration application across the work 
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functions identified to be correlated to concrete productivity. The level of application across the 

three work functions was around a moderate level among the sampled projects.  

     Work Functions 

 
     

Project (discipline) definition & 

facility design 
1 2 3 4 5 

      

Schedule system 1 2 3 4 5 

      

Facility start-up & life cycle support 1 2 3 4 5 

 
None/ 

nominal 
Some Moderate 

Nearly 

Full 
Full 

Figure 2-6. The BM&M’s Average Level of Integration Use across Work Functions 

2.7 Constructability 

Constructability is the optimal integration of construction knowledge and experience in 

planning, engineering, procurement, and filed operations to achieve overall project objectives. 

Among the seven specific practices addressed by the CII BM&M survey, RT 252 identified that 

tracking lesson learned and saving/effects on projects due to a constructability program is 

correlated with concrete craft productivity. Statistical analyses shows that the projects with better 

implementation experienced 31.1% better productivity than the projects with little 

implementation. (See Table 2-7.)  

Table 2-7. Constructability versus Concrete Craft Productivity 

Trade 
Normalized Labor Productivity 

High Level 

Constructability 
Low Level 

Constructability 
Δ t Sig. 

Concrete 3.5 4.6 -1.1 -2.0 .04 

 Percent Difference in Labor Productivity 

 Constructability 

Concrete 31.1% 

 

BM&M‘s Avg. = 

BM&M‘s Avg. = 6.4 

BM&M‘s Avg. =3.7 

BM&M‘s Avg. =3.2 
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Among the BM&M sampled projects, the average performance on tracking lessons 

learned from previous constructability program was around moderate level. (See Figure 2-7.) 

 

 

 

           

Tracking lessons learned and saving/effects on 

the project due to the constructability program 
0 1 2 3 4 

 

 
Poor    Excellent 

Figure 2-7. BM&M’s Average Performance on Tracking Lessons learned from Previous 

Constructability Program 

 

2.8 Summary 
 

Overall, this chapter identified a number of project practices as described in the BM&M survey 

are significantly correlated with improved productivity in the concrete trades.  

Table 2-8 summarizes the significant practices from these analyses. It should be stressed that a 

number of practices within these areas such as materials management and safety, were found to 

lack a significant relationship with improved productivity, but should be implemented regardless. 

For example, all CII safety practices are associated with improved safety performance, but not 

necessarily with improved productivity. Companies should carefully review the practices in 

Table 2-8, and if necessary prioritize their resources on a project. 

  

BM&M‘s Avg.=2.1 
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Table 2-8. List of Significant Practices for Each Management Program 

Front end Planning 

1 Integration of constructability feedback into front end planning;  

2 Designation of contingency funds;  

3 Meeting front end planning objectives in a timely fashion, and in accordance with 

project schedule requirements 

Team Building 

1 Major suppliers involved in the team building process 

Change Management 

1 Clearly specifying change management process in the project contract 

2 Ensuring that key project personnel (from both owner and contractor teams) 

understand  the change management process 

3 Proactively managing changes on detailed engineering/design 

4 Requiring major changes (i.e. those that exceeded a specified project threshold) to 

go through a formal change justification procedure 

5 Requiring owner authorization before implementation of major changes 

6 Communicating change information to key project participants 

Material Management 

1 Integration of designated materials management organization across project team 

2 Effective site materials management during the construction phase 

3 Effective materials tracking and reporting system 

4 Effective purchasing plans & procedures over the life of the project 

5 Effective receipt and inspection procedures for critical materials and equipment 

6 Adequate pre-qualification process for securing the appropriate suppliers of major 

equipment and materials 

7 Materials management plan utilizing quality management practices 

Safety 

1 Prioritization of Safety as a topic at pre-construction and construction meetings 

2 Performance of safety audits by corporate safety personnel 

3 Utilization of safety performance as a criterion of contractor/subcontractor 

selection 

4 Formal investigation of near misses 

5 Requirement of pre-employment substance abuse tests for contractor employees 

6 Performance of random alcohol and drugs screening  for contractor employees 

7 Substance abuse tests after accidents 

Integration of Information Systems (Work Functions) 

1 Project (discipline) definition & facility design 

2 Schedule system 

3 Facility start-up & life cycle support 

Constructability 

1 Track lessons learned and saving/effects on this project due to the constructability 

program 
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CHAPTER 3 . CONCRETE CONSTRUCTION PRODUCTIVITY 

INNOVATIONS 

The Rework Reduction Program is an innovation that can dramatically change 

construction processes and thereby improve construction productivity across multiple trades. In 

tandem with its effort to develop the RRP, RT 252 also analyzed other potential breakthrough 

solutions specific to the concrete trades. These breakthroughs are described below. 

 

3.1 Grade 100 Steel Reinforcement 
 

3.1.1 Background 

The emergence of high strength steel in the form of Grade 100 steel reinforcing bars has 

recently made its way onto the construction scene. This new technology has now been 

recognized in industry standards through the addition of ASTM A1035. The major difference in 

Grade 100 steel and Grade 60 steel lies in the yield strength of these materials. The ―Grade‖ of 

each type of steel is its yield strength, which is in ksi (1,000 pounds per square inch). The yield 

strength of a material is approximately the stress at which the material will be subjected to 

permanent deformation upon further loading. Figure 3-1 (American Concrete Institute, 2010) 

shows the yield strength of several grades of steel, among which Grade 60 and Grade 100 are 

included. 
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Figure 3-1. Stress-Strain Curves for Various Grades of Steel (American Concrete Institute, 

2010) 

 

From this figure, the much higher stress levels that Grade 100 steel can handle compared to 

Grade 60 steel are illustrated. One potential drawback, however, of Grade 100 steel can also be 

seen; the material ruptures at a much lower strain level compared to Grade 60 steel. This strain is 

the amount of ―give‖ the materials have before the sharp drops on the figure that represent 

material failures. Since Grade 100 steel does not have as much strain before failing compared to 

Grade 60 steel, it is a safety concern in structural design since there would be fewer warning 

signs before a potential structural failure. These material properties create both positive and 

negative aspects regarding a decision to use Grade 100 steel over Grade 60 steel.  

 

Full document details: CII RR252-11b 2012

http://www.avadocuments.com/doc/cii-rr252-11b-2012
http://www.avadocuments.com/doc/cii-rr252-11b-2012


25 

 

While Grade 60 steel is more ductile than Grade 100 steel, all commonly used steel in 

buildings are ductile materials. Concrete is a strong material regarding compression, but is weak 

in tension. Adding structural steel to concrete uses the high tensile strength of steel to add tensile 

strength to the concrete member being reinforced. Reinforced concrete members can therefore 

handle loads in which the member is subjected to both tension and compression forces. In theory, 

a higher grade of steel can provide for a stronger reinforced concrete member. One of the issues 

regarding the use of high strength steel reinforcement is that the high strength steel may be less 

ductile than the traditional strength steel. If Grade 100 steel is less ductile (more brittle) 

compared to Grade 60 steel, then this must be accounted for in the design. This issue will be 

addressed later in the report. Regarding reinforcing bars in concrete members, a higher grade 

steel may be able to replace a lower grade steel such that less steel is required to reinforce the 

concrete member to the same degree. In some cases, this may even result in a more cost effective 

design if enough steel can be reduced in the beam design. This idea will be further analyzed in 

the remainder of the report. 

MMFX Steel Corporation is currently the sole manufacturer of ASTM A1035 Grade 100 

steel. This steel is commercially available via distribution centers located throughout the United 

States in the form of #3 to #14 sized reinforcing bars (MMFX, 2010). The size of reinforcing 

bars, up to #10 bars, is given as how many eighths of an inch the bar‘s diameter is. For example 

a #8 reinforcing bar is one inch in diameter and a #4 reinforcing bar is one-half inch in diameter. 

Even with its higher strength properties, Grade 100 steel reinforcing bars can still be bent in the 

same fashion as Grade 60 bars. The procedures and requirements for bending Grade 100 steel 

reinforcing bars conform to the specifications in ASTM A615 and A1035 (MMFX, 2010). For 

#3 to #5 bars the pin diameter for bending tests is 3.5d; 5d for #6 to #8; 7d for #9 to #11; and 9d 
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for #14 and #18 (MMFX, 2010). There have already been a handful of projects that have used 

Grade 100 steel. The majority of these projects are found in areas where high seismic load 

requirements are found. In these areas, a common problem is that the increase in structural 

strength requirements for the seismic design loads results in heavy reinforcing bar congestion 

(Humphreys and Risser, 2008). This congestion can make rebar installation and concrete 

placement very difficult; Grade 100 reinforcing bars have already alleviated some of these issues 

on such projects. More specifically, reinforcing bar congestion in beam/column intersections 

have been addressed using Grade 100 steel bars. In this report, further potentially beneficial uses 

of Grade 100 reinforcing steel will be analyzed in regards to more commonplace applications on 

construction sites regarding reinforced concrete beams.  

 

3.1.2 Scope 

There are several assumptions that have been established for this research. First, while 

dealing with only reinforced concrete beams, this design category is further broken down to only 

looking at uniformly loaded reinforced concrete beams. This assumption will limit the 

applications of this research such that beams subjected to other forms of loading, such as a point 

load, will not be applicable for all analyses performed. This limitation is specifically necessary 

for the beam length analysis. In this analysis, the effects of a uniform load on required 

reinforcement are analyzed as the beam length increases. Additional assumptions have been 

made regarding the spacing of the reinforcing bars in the designs. Firstly, the reinforcing bar ties 

used for this analysis will only consist of size #4 (0.5 inch diameter ties). Secondly, the clearance 

from the bottom of the beam to the bottom of the rebar tie in the tension zone will be set at 1.5 

inches. This number will be added in when determining the distance from the bottom of the 
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beam to the centroid of the tension reinforcement. Other figures used to determine this distance 

will be the diameter of the rebar tie, diameter of the rebar, and vertical clearance between 

reinforcing bars in cases where more than one reinforcement layer is used. A minimum vertical 

spacing of one inch will be used in those instances. Also, when compression reinforcement is 

necessary, a clearance of 1.5 inches will be used from the top of the beam to the rebar tie. The 

following Figure 3-2 shows an example beam similar to those that will be used for the analyses 

that will follow: 

 

Figure 3-2. Example Beam Design (American Concrete Institute, 2010) 
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3.1.3 Calculations 

3.1.3.1 Calculating the design moment strength from the area of steel reinforcement 

The nominal moment strength and design moment strength can be determined for a beam 

with known dimensions and known area of steel through the simplified process, which was 

created by Mast et al. in 2008. The area of steel is input into this process through specifying a 

certain amount of a certain size bar. From this, the nominal moment strength and design moment 

strength is determined. Then the amount of reinforcing steel is verified to be an adequate amount 

in this process.  

 

Define the rectangular concrete stress distribution for a compression-controlled beam 

 Since this process is for checking a known design, the nominal depth and area of steel are 

already known for this beam. One assumption must be made at the start of the simplified method, 

which is that the beam is either compression-controlled or tension-controlled. Initially, it is 

assumed that the beam is compression-controlled. The assumption that the beam is compression-

controlled means that it must be proven that εs < εy. The term εy (yield strain of steel) can be 

found using the following equation: 

   
  

  
 

                           

                                 
 

The values necessary to calculate εy are known. To prove that εs < εy, the actual value of εs must 

be calculated. The following equations are used to do this: 
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Using the equilibrium relationship between T and C, and with substitution, a quadratic equation 

can be formulated in terms of ―a‖ and solved.  

 

Net tensile strain and strength reduction factor 

 From following the equations above, εs can now be calculated. Our initial assumption that 

εs < εy can now be checked. If it checks, then the section is in fact compression controlled. If the 

εs < εy relationship is not true, then the process should be restarted assuming that the section is 

tension-controlled. This process immediately follows this section. For εs < εy true, the strength 

reduction factor can now be determined using the following rule for Grade 100 reinforcing steel 

designs: 

                       

The strength reduction factor may change for different Grade 100 reinforcing steel 

designs depending on whether the design is within the tension-controlled limits, compression-

controlled limits, or transition zone. Since this beam section was compression-controlled, a 

strength reduction factor of 0.65 is used.  

Figure 3-3 illustrates the relationship between the strength reduction factor and strain for 

a beam with Grade 100 reinforcement: 
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Figure 3-3. Relationship between strength reduction factor and strain for Grade 100 steel 

(American Concrete Institute, 2010) 

 

From the figure above, it is found that if εt is greater than 0.009, then it is in the tension 

controlled section and a strength reduction factor of 0.85 is used. If εt is less than 0.004, then it is 

in the compression controlled section and a strength reduction factor of 0.65 is used. For the 

strains between 0.004 and 0.009, it is in the transition phase and an adjusted strength reduction 

factor is used (from the equation above).  

Beams designed with Grade 60 steel simply use the 0.004 strain as a dividing line 

between the compression-controlled section and a tension-controlled section; the strength 

reduction factor is either 0.65 or 0.9. In other words, there is no transition phase used for Grade 

60 designs.  
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Nominal moment strength and design moment strength 

             
 

 
  

From this nominal moment strength equation the design moment strength can be determined by 

multiplying it by the strength reduction factor that was previously determined.  

 

Reinforcement Check 

To make sure that the amount of reinforcement chosen is adequate, the minimum required area 

of steel needs to be calculated and compared.  

       
    

 

  
     

      

  
 

The larger of these two values is used as the minimum required area of steel. The area of steel 

that was provided for the design must be greater than this minimum value for the design to be 

satisfactory.  

 

Differences in simplified method for a tension-controlled beam 

 As stated previously, if the section was assumed to be compression-controlled and was 

proven not to be from the above process, then the following process should be followed 

assuming that the section is tension-controlled. That is, εs > εy is assumed to be true now. The 

value of εy is calculated in the same way as for compression-controlled sections. The differences 

in equations are as follows: 
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From here, the values of c and εs can be determined and the assumption that εs > εy can be 

checked. For Grade 100 designs, if εs is greater than 0.004 but less than 0.009, then the section is 

in the transition zone between compression-controlled and tension-controlled. If εs is greater than 

0.009, then it is in the compression zone. To determine the strength reduction factor here, follow 

the process shown in Figure 3-3 above. For both of these cases, the nominal moment strength 

and design moment strength are determined as follows: 

           
 

 
  

The design moment strength is simply the nominal moment strength multiplied by the strength 

reduction factor.  

3.1.3.2 Calculating the amount of reinforcement needed from design moment 

strength  

The following equations (American Concrete Institute, 2010; Portland Cement 

Association, 2002) are used to calculate the required area of steel reinforcement for beams with 

known dimensions and loadings. The differences in the calculations between Grade 60 steel and 

Grade 100 steel are noted where applicable.  

 

Design moment strength (φMn) 

    
     

 

 
 

                            
                        

 

The factored load is a uniformly distributed load that combines factored loads that are 

designed into the beam. These loads can include, but are not limited to, live loads, dead loads, 

and ice/snow loads.  
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