
:Teamwork
.Early Strength ..
Flowable· Fill, ..

Pervious Parking System
, '. ~ ,

. ·LEEDPoints



Early Strength Flowable Fill (ESFF)
Mixtures for 2006 TDOT 204.06

This paper is the third in a five part series of technology transfer articles on the new 2006 TDOT
204.06 CLSM Specification (1). We hope you find the information presented helpful in producing controlled
low-strength material (CLSM) mixtures meeting the new specification. In the third article, several examples
of ESFF mixtures are presented. Further, ESFF performance-related properties (from the laboratory, several
field demonstrations, and the first field use) that may help in designing CLSM mixtures meeting the 2006
TDOT 204.06 ESFF Specifications are discussed. Future parts of the series will examine:

4. Sustainable CLSM Mixtures for TDOT 204.06
5. The Future of CLSM in Tennessee

Table I shows performance-related property requirements of the 2006 TDOT 204.06 CLSM Specification.
This article will be primarily concerned with the requirements for ESFF mixtures. Observers will quickly note
that all CLSM mixtures meeting the ESFF requirements also meet the "General Use" CLSM requirements.
However, the additional cost of ESFF mixtures will generally preclude their use as "General Use" CLSM
mixtures.

Performance-Related Property General Use Excavatable Early Strength
(EFF) (ESFF)

Consistency 8" min. 8" min. 8" min.

Load application 24 hours max. 24 hours max. 6 hours max.(ASTM D 6024) (2)

Air content, if air entrained 30% max. 30% max.(ASTM D 6023) (3)

Compressive Strength @ 24 hours 30-psi min.(ASTM D 4832)* (4)

Compressive Strength @ 28 days 30-psi min.
(ASTM D 4832)*

Compressive Strength @ 98 days 140-psi max.
(ASTM D 4832)*

* - may use 4x8 inch cylinder molds; preferred capping method is wet-suit neoprene in rigid retainers;
Example ESFF Mixtures



Laboratory CLSM Mixtures Close to Meeting 2006 TDOT 204. 06 ESFF Specifications

Mixture proportions, plastic properties, and compressive strength development of the promising
laboratory ESFF mixtures are shown in Tables 2(a), 2(b), and 2(c) respectively. The ESFF mixtures shown
in Table 2(a) from research sponsored by TDOT, TCA, and KRMCA (5,6,7) are close to meeting 2006
TDOT 204.06 ESFF Specifications except for load application. No field trenches were placed and therefore
no suitability for load application testing was performed. Recall from Part 2, that a compressive strength
greater than 6.1-psi from a pair of 4x8 cylinders indicated a good chance of passing the suitability for load
application test. The authors consider it likely that the laboratory CLSM mixtures shown below would meet
the 2006 TDOT 204.06 ESFF load application specification. The limestone manufactured sand laboratory
ESFF needs a slight adjustment to the air content.

Table 2(a). Laboratory Mixtures Close to Meeting 2006
TDOT 204.06 ESFF Requirements

River Sand High-fines Limestone Limestone
Component ManufacturedESFF Screenings ESFF Sand ESFF

Type I PC (lbs/CY) 300 350 300
Water (lbs/CY) 317 375 317

Aggregate (lbs/CY) 2425 2335 2582
Air-entrainer (oz/CY) 70 105 70

HRWR (oz/CY) 30 45 30
WR Accelerator (oz/CY) 225 225 225

High-fines Limestone TDOT
Component River Sand Limestone Manufactured 204.06 ESFFESFF Screenings

ESFF Sand ESFF Requirements

Flow (inches) 8.5 9.5 9.5 2:8

Bleed Time (min) 4.5 No Bleed No Bleed
Shrinkage Minimal No Shrinkage No Shrinkage

Air Content (%) 25.7 22.0 32.9 ::;30

Unit Weight (pet) 104.6 110.6 99.4

River Sand ESFF
Screenings ESFF

LS Manuf. Sand ESFF

ESFF Requirements

6 hours
10
30
11

28 days
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56 days
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64
20

24 hours
71
179
60

2:30

7 days
188
444
149



Field Demonstration ESFF Mixtures Likely to Meet 2006 TDOT 204. 06 ESFF Specifications

The three promising laboratory ESFF mixtures were further investigated through three field
demonstrations. Demonstrations were conducted at Algood (near Cookeville), Knoxville, and Nashville.
Figures 1, 2, and 3 show the ESFF field demonstrations. The demonstration ESFF mixtures are shown in
Table 3(a). Tables 3(b) and 3(c) show plastic and hardened properties, respectively, of the demonstration
ESFF mixtures. The ball drop test could not be performed on the limestone screenings ESFF mixture at
Algood due to a high water level in the trench. The other ESFF demonstration mixtures met all TDOT 204.06
ESFF Specifications except load application, since only one drop of the ball was inadvertently used rather than
the required 5 drops. Recall from Part 1 that upon passing a one drop ball drop tests the Algood trench was
immediately able to support a full size club-cab pickup truck. Therefore, the authors assumed that these ESFF
mixtures had a good chance of passing the ASTM ball drop test (5 drops) in 6 hours.

Location Algood, TN Algood, TN Knoxville, TN Nashville, TN
Producer Plateau Plateau Rinker IMI

Type I PC (lbs/CY) 350 300 312 297
Water (lbs/CY) Not Available Not Available Not Available Not Available
Aggregate Type Screenings River Sand LS Man Sand River Sand

Aggregate (lbs/CY) 2335 2340 2614 2555
Air-entrainer (bags) 1 1 1 1

HRWR (oz/CY) 45 30 30 30
WR Accelerator (oz/CY) 225 225 230 225

Location Algood, TN Algood, TN Knoxville, TN Nashville, TN 204.06
Requirements

Demo Date 9123/02 9123/02 11/01/02 11108/02
Aggregate Type Screenings River Sand LS Man Sand River Sand
Flow (inches) 11.3 13.5 12 8.6 2:8

Bleeding No Bleed No Bleed Minimal Minimal
Shrinkage None Minimal Minimal Minimal

Air Content (%) 23.3 22.9 26.0 28.2 :::;30
Unit Weight (pet) 108 108 110 104
Pass Ball Drop (1 Not 2.5 5.5 6.0 :::;6Drop) Time in hours Available

Table 3(c). Compressive Strength Development (in psi) over Time (days)
of Field Demonstration ESFF Mixtures

Limestone Screenings @ Algood, TN
River Sand @ Algood, TN

LS Manufactured Sand @ Knoxville, TN
River sand @ Nashville, TN

TDOT 204.06 ESFF Requirements

1
168
96
97
102
2:30

7
356
108
249
232

28
513
329
371
324

56
617
432
426
381



Figure 2.
Knoxville ESFF Demonstration at

Rinker Materials 11/01102

Figure 1.
Fluid Consistency of the River Sand
ESFF Mixture at the Algood, Tennessee
Demonstration 9/23/02.

Figure 3.
Nashville ESFF Demonstration at TDOT
Region 3 Headquarters 11108/02



First Field Use of an ESFF Mixture Likely to Meet 2006 TDOT 204. 06 EFF Specifications

TDOT ESFF mixtures went from concept to field use in 13 months. This may not be a new world
record, but it is certainly an example of rapid development and implementation. Metro Ready Mix of Nashville
placed ESFF for a rapid road repair application on Robertson Road in Nashville on 5/30/03. Information
provided by Metro Ready Mix on the mixture proportions and compressive strength development of the first
field placement are shown in Tables 4(a) and 4(b) respectively. Although the authors were not present, Metro
Ready Mix Quality Control Personnel reported that the ESFF mixture performed well in both the plastic and
hardened states.

Table 4(a). First Field Use of a Mixture Likely to Meet 2006
TDOT 204.06 ESFF Requirements

Location Robertson Road Nashville, TN
Concrete Producer Metro Ready Mix

Date 5/30/03
Type I PC (lbs/CY) 300

Water (lbs/CY) 317
Aggregate Type River Sand

Aggregate (lbs/CY) 2435
Air-entrainer (oz/CY) 70

HRWR (oz/CY) 60
Accelerator (oz/CY) 225

Table 4(b). Compressive Strength Development over Time of the
First Field Use ESFF Mixture

6 hours 9 hours 24 hours 4 days 7 days
Robertson Road Nashville, TN 18 42 110 410 450

204.06 ESFF Requirements 2:30

There is currently no formal procedure available for designing 2006 TDOT 204.06 ESFF Mixtures.
However, some of the lessons learned from TDOT, TCA, and KRMCA sponsored research at TTU (5,6,7) can
greatly reduce the time needed to proportion a successful 2006 TDOT 204.06 ESFF Mixture. The following
paragraphs describe the ESFF mixture lessons learned to date.

The ESFF mixtures described in this article have all been air-entrained. Air-entrained ESFF mixtures set by
cement hydration rather than dewatering, therefore air-entrained ESFF mixtures are not affected by poor
drainage conditions. However, most air-entrained ESFF mixtures will not meet TDOT 204.06 Specifications
if placed in standing water since set will be delayed. Although air-entrained ESFF mixtures are not adversely
affected by poor drainage conditions, they are susceptible to retardation by low temperatures. The combination
of low mixture temperatures and air contents approaching the TDOT 204.06 specified limit make it very



difficult to meet 204.06 load application requirements. ESFF mixtures for placement in cold weather should
be proportioned with an air content as low as possible to provide adequate flow. A good target air content
would be in the low twenties. Higher air contents and thus greater flows can be used in warmer weather.

Non-air-entrained ESFF mixtures are less temperature sensitive than air-entrained ESFF mixtures. Fly ash
or slag is used to replace the large volume of air needed to provide the additional paste volume necessary to
achieve the required flow. It would be helpful to have an air-entrained and a non-air-entrained ESFF mixture
available. The appropriate mixture for each application could be selected based on drainage and temperature
conditions anticipated at the time and location of placement. TTU researchers have been attempting to develop
non-air-entrained ESFF mixtures. The progress to date on these attempts will be discussed in Part 5 of the
senes.

The ESFF mixtures presented do not meet TDOT 204.06 EFF Specifications. In fact, most ESFF mixtures
surpass the limits of excavatability with a backhoe in less than 28 days. It is very difficult to design a CLSM
mixture which will meet both TDOT 204.06 ESFF and EFF Specifications. TTU researchers have been
attempting a CLSM mixture that will meet both parts of the new TDOT 204.06 Specification. The progress to
date on these attempts will be discussed in Part 5 of the series.

The following sources of information have been provided to help in meeting the 2006 TDOT 204.06 ESFF
specification:

1. Examples of the most promising TDOT, TCA, KRMCA, and TTU research mixture proportions for
ESFF mixtures with performance-related properties;

2. Mixture proportions and compressive strength development for the first field use of a TDOT ESFF
mixture in Tennessee.

1. Admixture representatives
2. TCA concrete producer members
3. TCA regional directors and executive director
4. TDOT Materials & Tests Division Personnel
5. American Concrete Institute Publications

~

Serving Tennessee with Quality Products
I Mortar and Concrete Sand

Pea Gravel and Graded Gravel
Delivery in Tennessee and Kentucky

Cell

J -731-707-0530



I. Tennessee Department of Transportation, Standard Specifications for
Road and Bridge Construction (Section 204.06 and 903.01(f)), March I,
2006.

2. ASTM D 6024-96, "Standard Test Method for Ball Drop on Controlled
Low Strength Material (CLSM) To Determine Suitability for Load
Application," 1998 Annual Book of ASTM Standards, V.04.09, ASTM,
Philadelphia, 1998, pp. 923-925.

3. ASTM D 6023-96, "Standard Test Method for Unit Weight, Yield, Cement
Content, and Air Content (Gravimetric) of Controlled Low Strength
Material (CLSM)," 1998 Annual Book of ASTM Standards, V.04.09,
ASTM, Philadelphia, 1998, pp. 919-922.

4. ASTM D 4832-95, "Standard Test Method for Preparation and Testing of
Controlled Low Strength Material Test Cylinders," 2000 Annual Book of
ASTM Standards, V.04.08, ASTM, Philadelphia, 2000, pp. 896-899.

5. Crouch, 1.K., Dotson, V. James, Jr., Clouse, Larry, Egan, Brian, and Hall,
Steve M., "Rapid Set, High-Early Strength, Non-Excavatable Flowable
Fill," Innovations in Controlled Low-Strength Materials (Flowable Fill),
ASTM STP 1459, Jenny L. Hitch, Amster K. Howard, and Warren P. Baas,
Eds., American Society for Testing and Materials, West Conshohocken, PA,
2004.

6. 'Tennessee Flowable Fill Study", 1.K. Crouch, Daniel A. Badoe, V. James
Dotson, Richard Maxwell, Adam Borden, and Tim R. Dunn, Tennessee
Department of Transportation, September 2003.

7. Dotson, Vernon James, Jr., CLSM Mixtures in Tennessee: Excavatable
and Non-excavatable, Master of Science Thesis, Tennessee
Technological University, Cookeville, TN, December 2003.

The authors gratefully acknowledge the funding provided by the Tennessee
Department of Transportation, the Tennessee Concrete Association, and the Kentucky
Ready Mixed Concrete Association. The authors would like to thank Master Builders
Technologies, Rogers Group, Inc., Rinker Materials, Irving Materials, Inc., the
Tennessee Concrete Association, the Tennessee Department of Transportation and
Plateau Ready Mix for providing materials, locations and technical expertise to
assist with the project. The financial support, management of project finances, and
computer assistance provided by the Tennessee Technological University Center for
Energy Systems Research was also greatly appreciated. The authors would also like
to thank the following TTU personnel for providing technical assistance Richard
Maxwell (deceased), Tim Dunn, Dr. D. A. Badoe, Rob Bailey, Shane Beasley, Adam
Borden, Mark Cates, Audrey Copeland, Kim Couch, Jesse Davis, Ted Dyer, Keith
Honeycutt, Missy Jaynes, Dr. Heather Brown, Matthew Tays, Sayward Touton, and
Jamie Waller.

The opinions and assertions contained herein are the private ones of the authors
and are not to be construed as reflecting the official views of the Tennessee Valley
Authority.

1. K. Crouch, Ph.D., P.E. is a professor of Civil Engineering at Tennessee
Technological University.

Y. James Dotson, E.!. is a transportation engineer with the Tennessee Valley Authority
in Chattanooga and a former TTU graduate research assistant.

Brian Egan, P.E. is an assistant director of the TDOT Construction Division and a
fonner assistant engineering director of the TDOT Materials & Tests Division.

Steve M. Hall, P.E. is an assistant chief engineer ofTDOT Operations and a former
assistant engineering director of the TDOT Materials & Tests Division.

Larry Clouse is an account executive for BASF (formerly Master Builders
Technologies) in Knoxville, Tennessee.

Index of Advertisers

ADMIXTURES
BASF/Master Builders
Grace Construction Products
Sicalco Ltd.

AGGREGATES
Carolina Stalite Company
Tennessee Aggregate Company

BATCH PLANTS
Systems & Controls

CEMENT
Buzzi Unicem USA
Cemex
Lafarge North America

FIBER
Durafiber, Inc.
Propex

FLY ASH
The SEFA Group

INSURANCE
BB&T

READY MIX PRODUCERS
Builders Supply Co.
imi-Tennessee
Rinker Materials
Southern Concrete


