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□ On schedule
□ On revised schedule

□ Ahead of schedule

□ Behind schedule

Overall Project Statistics:
	                  Total Project Budget
	    Total Cost to Date for Project
	    Total Percentage of Work

                  Completed

	$325,000 proposed project cost

$325,000 received to date
	$227,134
	70%
(based on project proposal)


Quarterly Project Statistics:

	                 Total Project Expenses

                          This Quarter
	     Total Amount of Funds 

      Expended This Quarter
	Percentage of Work Completed

              This Quarter

	$6,634
	$5,634
	4%


Project Description:

The purpose of the Phase III study is to develop tools and guidance to specify dosage levels of chemical admixtures used in antifreeze concrete to correspond with the varying weather conditions experienced at any job location. A user guide, including a series of design tables, will be developed describing admixture dosages to be adjusted for a specific level of protection. The guide will set dosage rates for general sets of conditions to provide a conservative level of concrete protection during the curing period. The dosage rates will account for the environmental conditions and concrete geometry. The guide will allow technicians to tailor mixture proportions and protective measures based on weather predictions for the first few days following concrete placement.
This quarterly progress report provides a summary of the effort expended and fulfills the reporting requirement in support of Interagency Agreement (IAA) DTFH61-08-X-30031, Modification 1 (signed 6 January 2009) between FHWA and the U.S. Army Engineer Research and Development Center, Cold Regions Research and Engineering Laboratory (ERDC-CRREL), entitled Extending the Season for Concrete Construction and Repair, Phase III – Guidance for Optimizing Admixture Dosage Rates.
Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

Contract. The contract with Dr. Korhonen was finalized and is now in effect. One concern is the upcoming expiration date in 3rd Quarter FY2013 for the pooled-fund study.
Draft final report. Preparation of the final report continued to include design guidance at below and near freezing air temperatues.
Project Progress Update Web Meeting. On 28 March 2013, a project update meeting was hosted by FHWA. Copies of the meeting slides, which were forwarded to FHWA following the meeting, are attached with this progress report. Our preliminary findings using data collected from the Ft. Wainwright, Alaska field demonstration as input into the one-dimensional thermal model illustrated the effects of varying chemical admixture dosage levels for each of the five test sections, and the impacts of in-place strength gain within the structure exposed to below freezing air temperatures. Results included a discussion on the measured vs predicted internal concrete temperature from the 1-D thermal model. We will use these findings to develop the design guidance. CRREL responded to FHWA’s questions on the admixture types, and dosage rates used in the Ft. Wainwright demonstration project, as well as the curing temperatures.
While the Ft. Wainwright, Alaska field demonstration project provides a valuable dataset for understanding varying admixture dosages and the quantity of evolved heat within the structure, broadening the data would add value to the 1-D thermal model. FHWA asked if the thermal model may be applicable to a Wisconsin DOT deck overlay project was involved in where the air temperatures may prohibited concrete placement. This would be a beneficial use of the model, and following the meeting, CRREL compiled a list of useful input information for FHWA to convey to Wisconsin DOT.
Also discussed during this meeting was contacting the states participating in this pooled-fund project to brief them on the project. A list of states and points of contact information from the two previous phases of Extending the Season for Concrete Construction and Repair was compiled by CRREL and forwarded (immediately following the meeting) to FHWA for update and distribution.

[image: image1.jpg]Extending the Season for Concrete
Construction and Repair

Transportation Pooled Fun &TPF—SUSO)

Project Upda Meeting

w
646-4503 (voice)
Cold Regions ResearCh and Engineering Laboratory (CRREL)

72 Lyme Road, Hanover, NH 03755

[ 28 March 2013

US Army Corps
of Engineers Engineer Research and Development Center




[image: image2.jpg]Agenda

* FHWA Update

* Project Update &
— Design Guidance DeveQxe

— Digital Design Format

Q

* NOTE: ALL RESULTS PROVIDED IN THIS BRIEFING ARE PRELIMINARY AND SUBJECT TO CHANGE




[image: image3.jpg]Overview — Phase Il

Phase lll - Guidance for optimizing admixture dosage rates

Purpose — Develop tools and guidance to specify admixture dosage
rates based on forecasted weather conditions

Addressing one-size-fits-all from Phase |
Increase economy of antifreeze concret
Putting it into PRACTICE!

Technical Approach
This phase has 3 parts:
Part 1 — Framework

Part 2 — Develop des

ce
Part 3 — Comp esign tool <N We Are Here

Products
User guide with design tables
Describing admixture dosage rates for a specific level of protection
Consider environmental conditions and geometry
Ability to tailor admixture dosage rates
NOTE: ALL RESULTS PROVIDED IN THIS BRIEFING ARE PRELIMINARY AND SUBJECT TO CHANGE




[image: image4.jpg]Fleld Data Design Guidance

Ft. Wainwright, AK
Five Test sections
Varied admixture dosage in each
Initial freezing point measured for eac ncrete mixture
Input for back-calculatlng heat o signatures

29.8°F | | 29.2°F 25.4F
| (-1.2°¢) (-1.6 °C) (-3.7 °C)

Sectlon 3m Section 2 % Sectlon 17 ;

30.5°F
(-0.8 °C).

Reference: Barna, Lynette A, Peter M. Seman and Charles J. Korhonen (2010) Cold WeatherAdmlxture Systems
Demonstration at Fort Wainwright, Alaska ERDC/CRREL TR-10-6. Hanover, NH: U.S. Army Engineer
Research and Development Center. 42p. Available at:




[image: image5.jpg]NOTE: ALL RESULTS PROVIDED IN THIS BRIEFING ARE PRELIMINARY AND SUBJECT TO CHANGE

Design Guidance

Ft. Wainwright, AK
Combine with maturity method
Input measured minimum and maximum air temperatures for six days
= Gement HoH

12 A < g
Strength Gain vs Temperature/Time

Actual min/max air Temps

| 30000
0
/ e Ll =

AJF

Heat (W/kg)

g

TEMPERATURE -F
s
S
g
1
& §
Strength - psi

t t + t + t + 1000
o © o 0 o ©0 =] 0 ) ) =3 N \
- - « ~ @ © < - o 2
Ti h s Normal
ime (hours) 200
10
huch\BAAQ with CRREL\Phase 111 BAA B \New Chapter for Manual\Use These 3000
Spraediheeti\cii templmaturity pu (actusl min_maxTemps) xis
0 40m 0

0o 2 0 60 80 100 120 140




[image: image6.jpg]NOTE: ALL RESULTS PROVIDED IN THIS BRIEFING ARE PRELIMINARY AND SUBJECT TO CHANGE

Design Guidance

Ft. Wainwright, AK
Back-calculated heat of hydration curves from field data

Section 1 Ft. Wain Mix #1
Section 3 Ft. Wain Mix #2
Section 5 — Ft. Wain Mix 3
Section 2 Ft. Wain Mix #4
Section 4 - ——=Ft. Wain Mix #5

=——Conservative




[image: image7.jpg]NOTE: ALL RESULTS PROVIDED IN THIS BRIEFING ARE PRELIMINARY AND SUBJECT TO CHANGE

Digital Design Format

Energy balance approach

One-dimensional

Multi-layer system

Heat transfer
principles

Any solid material
that does not
generate heat

<

Concrete

Any solid material
that does not
generate heat

Layer Thickness

a x/2

y o
y (o]
y o
z (o]
z
o O

Node Type

1 — Surface node with conduction,
convection and radiation heat flow or
fixed temperature

2 — Interior node with conduction only

2 — Interior boundary node with
conduction only

3 — Interior boundary node conduction,
internal heat generation and
evaporative cooling

4 — Interior node conduction, internal
heat generation, and evaporative
cooling

3 — Interior boundary node conduction,
internal heat generation and
evaporative cooling

2 — Interior boundary node with
conduction only

2 — Interior node with conduction only

1 — Surface node with conduction,
convection and radiation heat flow or
fixed temperature

svstem




[image: image8.jpg]NOTE: ALL RESULTS PROVIDED IN THIS BRIEFING ARE PRELIMINARY AND SUBJECT TO CHANGE

Digital Design Format

Initial conditions
Constant or linear variation

Temperature (degrees F)
30 40

20 50

Vapor Barrier

Concrete Layer

=]

-
o
L

Non-Frost Susceptible Base (Gravel)

Depth (inches)
o

-
'S
L

Subgrade
24 A

26 -




[image: image9.jpg]NOTE: ALL RESULTS PROVIDED IN THIS BRIEFING ARE PRELIMINARY AND SUBJECT TO CHANGE

Heat of hydration and concrete temperatures
Backcalculation approach

12 - Concrete Temperature Comparison
—e—Cement HOH
70
10 4 i ~ Measured Mass Center
60 \ |— Calculated Mass Center [ —
— 81 50
g NA NA AL
s @ (N \ \/[\ \/[ %
™S
= ° £ \/\W\/ \\/ \
] = 30
@ © \/
I 2
4 g 20
=3
S 10
2 4
0
0+
o © o 0 o 0 o © o w0 o -10
~ - o~ o~ o« « e < wn
- 50 75 100 126 _ 150 175 200 225 250 275 300
ul Time, hr




[image: image10.jpg]NOTE: ALL RESULTS PROVIDED IN THIS BRIEFING ARE PRELIMINARY AND SUBJECT TO CHANGE
Digital Design Tool

The Road Ahead

Refine design guidance

Additional field data
Finalize draft report

Digital Design Tool

Fundamentals are there
Continue model validation i ional field data
Add features (ie. insulati ints)

Putting it into Pr
Knowledge Gap

Create a library of low-temperature heat of hydration curves




[image: image11.jpg]Ft. Wainwright, ﬁk\




[image: image12.jpg]Ba a efte and arle 0 one | ending e easo 0 0 efe 0 on and Rep
a portatio Resea Board 9 d a ee g ompena of Pape b Ja a |
Ba a efte and arie 0 one 0 ending e Seaso 0 0 efe 0 on and Rep
g O OVa e Co ete Te olog DO ored b RB Co ce A 0, Ba Resea
e ologies Related {o 0 efe 2 portatio Resea Board 9 f a ee g b Ja
0 glo B
Ba a efte and arie 0 one | ong e Lo empera e 0 efe e g ode
e al Ad e Proceedings o e ernationa onfere e Ol ong e 0 efe Pave
epte be () ed o i\
Barna ette and arle orhone 0 old eather Ad e 0 e O e g
3 poitatio a 0 0 op 8 a |
Ba e 0 0
ginee g
e 5

ficient and

n Concret

\pproach to Cold Weather

ironmental




[image: image13.jpg]g Ad e Dosage Rates, Da Revie a Proje
i A dine = d
: 0 and Renp » De 0 g g
& Develop old Reglo R >
A able a
O d Fo A 0 B A olp
sld Redio . d q g Labo 0
H pub 0
O 0 d Rep P
2 De oD e old
\ A S

o
at:

lable





[image: image14.emf]$0

$25,000

$50,000

$75,000

$100,000

$125,000

$150,000

$175,000

$200,000

$225,000

$250,000

$275,000

$300,000

$325,000

Sep

-

08

Dec

-

08

Mar

-

09

Jun

-

09

Sep

-

09

Dec

-

09

Mar

-

10

Jun

-

10

Sep

-

10

Dec

-

10

Mar

-

11

Jun

-

11

Sep

-

11

Dec

-

11

Mar

-

12

Jun

-

12

Sep

-

12

Dec

-

12

Mar

-

13

Jun

-

13

Quarterly Cumulative Project Expenditures

Budgeted

Expended

Funded

Part 1 Part 2 Part 3


Figure 2. Cumulative project expenditures updated for 2nd Quarter Fiscal Year 2013 shown by quarter beginning January 2009 when initial funding for Part 1 was confirmed.
An estimated project timeline for Part 2 of the project is given in the table below.

Table 1. Part 2 – Develop design guidance project tasks identified and estimated percent completion for 2nd Quarter Fiscal Year 2013.
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Task % Completion

T1. Apply energy balance approach 

to layered concrete system at low 

temperature conditions

100

T1.1 Conduct analysis using heat 

transfer basics

50

T1.2 Use previous field data as input

50

T1.3 Vary input conditions 25

T1.4 Identify knowledge gaps 15

T2. Develop relationships based

on admixture dosage

15

T2.1 Vary admixture dosages 15

T2.2 Optimize admixture dosage rate

15

T3. Draft design guidance report 10

T3.1 Submit final report 0

T4. Quarterly progress reports 50

FY2012 FY2013

1st QTR 2nd QTR 3rd QTR 4th QTR 1st QTR 2nd QTR 3rd QTR


Anticipated work next quarter:

Work will continue in the following areas during the next quarter:
Computer code review. Review the computer code in the one-dimensional thermal model and run different scenarios of a concrete slab on grade with and without an insulation cover.
Draft final report. Preparation of the final report will continue, and development of the design guidance based on preliminary findings.
Significant Results:

A mathematical model, based on heat transfer principles, has been developed describing the interaction of a 6-in thick concrete slab placed on grade. Currently, the model neglects the effects of solar radiation and evaporation, and does not include insulation. For the case of the slab on grade, the material layers and thicknesses are defined, including the substrate. Daily maximum and minimum air temperatures, and the time of occurrence were used as input parameters. Measured air temperatures may be used as input, or maximum and minimum predicted daily temperatures may be used. With the daily maximum and minimum temperatures, hourly temperatures are generated using a sinusoidal function.

The heat of hydration of the cement in the mixture is input to determine the amount of heat generated as the concrete cures. The estimated internal concrete temperatures as the concrete cures are output on an hourly basis in tabular form. During this quarter, heat of hydration curves were generated from our dataset and then used in the one-dimensional thermal concrete model. The heat of hydration curve for each slab were different, showing the effects of varying the admixture dosage.
The thermal modeling tool enables predicting internal concrete temperatures as it cures to compare with measured temperatures collected from field cured antifreeze concrete. The output showed good agreement with the measured concrete temperatures. The model will be a valuable tool to evaluate differing admixture dosages for antifreeze concrete formulations. This is a significant step in further building our understanding to predict the strength gain of antifreeze concrete subjected to freezing or sub-freezing temperatures.
The report for Part 1 of the project is available at: http://www.crrel.usace.army.mil/innovations/cold_weather_concreting/antifreeze_admixtures/extending_the_season.html
Circumstance affecting project or budget (Describe any challenges encountered or anticipated that might affect the completion of the project within the time, scope, and fiscal constraints set forth in the agreement, along with recommended solutions to those problems).

Nothing to report at this time.







� Effective 21 December 2011, project end date changed as per scope of work approved 7 August 2008.


� Phase III Extending the Season for Concrete Construction and Repair, Guidance for Optimizing Admixture Dosage Rates, Project Proposal, USAERDC-CRREL, submitted 2004.
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