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Introduction

 Should Minimum CM content be specified?

 Mixture proportioning with low CM content

Presenter
Presentation Notes
Many concrete specifications impose minimum cementitious contents that may be in excess of that required




Research Objective

Examine influence of CM content on concrete 
performance at specific w/cm

Parallel tests at Iowa State University

Presenter
Presentation Notes
The primary focus of this project is to develop guidelines through laboratory testing on optimizing quantity of cementitious materials to achieve given strength, durability, and workability requirements in a concrete mixture.  The project will also address the value of maintaining minimum cementitious content requirements in project specifications. 

Discussions at the NC2 meeting (18  states are members of this pooled fund) and TRB technical committees suggest that DOT materials engineers are receptive to data to support the idea of removing minimum cementitious content requirements from concrete specifications due to performance (cracking etc), and sustainability reasons. 




Experimental Variables

w/cm: 0.40, 0.47, 0.55

CM – 417 to 720 lb/yd3

Paste: 22%, 24%, 27%, 31% at same CA/FA

Total of 20 non-air concrete mixtures

40% slag cement, 100% OPC, 25% Class F



Aggregate Voids Testing (ASTM C29)
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Concrete Tests Conducted
Slump – add Type F HRWR if slump<1 in.

Air content, density, temperature, setting time

Compressive strength

RCPT (ASTM C1202) 

RMT (AASHTO TP64)

Sorptivity (C1585) 

Shrinkage (C157)



Compressive Strength – 28 days
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Presenter
Presentation Notes
At same w/cm, higher CM contents don’t yield higher 1,7,28 strengths, more or less same!  Even 1 day strengths
For a specific set of materials and the same w/cm, compressive strength was reasonably constant regardless of cementitious materials content
 




Compressive Strength – 1 day
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Presenter
Presentation Notes
At same w/cm, higher CM contents don’t yield higher 1,7,28 strengths, more or less same!  Even 1 day strengths.




RCPT – 28 day AC
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RMT – 28 day AC
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Initial Sorptivity
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Drying Shrinkage – 90 days
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Summary
Higher CM contents increase mixing water demand

For given w/cm increasing CM content:

Same strength

Increased chloride penetrability, sorptivity, 
shrinkage

Does not appear to be a technical basis for specifying 
minimum CM content or a maximum w/cm when 
not needed



Mixtures with Low CM content
How low can you go?



Mixtures with Low CM content

How low can you go?

Impact of air entrainment? 

Impact of SCMs and WRA

Cast 12 more mixtures



For water slump of 1 in. before WR addition

Minimum CM content for acceptable 
performance – Effect of w/cm

Presenter
Presentation Notes
Acceptable Perf. - No strength reduction when compared to mixes with higher CM at same w/cm, Workability of 1 in. slump pre WR addition. Min. CM needed. if at 0.55 cement is lowered more, water is even lower and inadequate slump!

w/cm plays a role. Higher w/c lower CM as paste is more fluid. 

SCM lowers CM content. PC highest, followed by SL, then FA. Air addition reduced CM content. Again air, SCMs improve paste fluidity



Minimum water, paste volume – Effect of 
w/cm
For water slump of 1 in. before WR addition

But what if WRA can be added earlier? 

0.40 0.47 0.55
40% SL 265/28% 260/26% 250/24%

PC 265/26%
25% FA 255/26%

40% SL A 240/24%

Presenter
Presentation Notes
higher w/cm has higher paste fluidity so lower water demand, lower pv needed. Fixed Paste/agg ratio does not work if you want a water slump of 1 in. and if w/c is a variable
�FA reduces water demand vs PC mix (4%), SL reduced by 2%. PV stayed the same. Air addition reduced water (9%) and PV by 2%!



Minimum CM content for acceptable 
performance – Effect of w/cm

Presenter
Presentation Notes
Use of admixtures helped reduced CM at all w/cm.

w/cm plays a LESSER role. Higher w/cm lower CM. But change in CM as w/cm increases is not as steep as it was earlier.
  
SCM lowers CM content. PC highest, followed by SL, then FA. Air addition reduced CM content



Minimum water, paste volume – Effect of 
w/cm
For no measurable water slump (use of WRA)

0.40 0.47 0.55
40% SL 202/22% 218/22% 230/22%

PC 207/22% 221/22% 235/22%
25% FA 199/22% 212/22% 225/22%

40% SL A 203/20%

Presenter
Presentation Notes
Higher w/cm did not reduce water demand or pv. There is a min pv below which workability, strength suffers. 22% min Pv for our materials when no AEA was used. Fixed Paste/agg ratio works even if if w/c is a variable
if you can add WRA with head water and don’t need a water slump of 1 in. before HRWRA

FA reduces water demand vs PC mix (4%), SL reduced by 2%. PV stayed the same. Air addition reduced water (7%) and PV by 2%!




Minimum CM content for acceptable 
performance
0.47 w/cm 40% slag mix

Condition Water CM PV, %
Control 300 640 30%

Water slump=1 in. 260 550 26%
No water slump (NWS) 218 460 22%

NWS - air entrained 203 430 20%



Benefits of not specifying 
minimum CM
Better concrete performance

Optimized mixtures

Sustainable construction

Incentive to lower variability, i.e. improve 
quality

Knowledgeable producers

Presenter
Presentation Notes
I say most of the time because sometimes higher paste is essential – SCC. Also if shrinkage is not an issue,.



How to specify to get low CM 
content concrete?
What if producers reduce CM contents too 

low?

What if we state a maximum CM content?

What if we state a maximum paste volume?

What if we state a strength range?

Reasonable performance specs – best 
solution!

Presenter
Presentation Notes
Mostly producers want to put too much cement. they are risk averse

This may work if it is realistic but in some cases you may need higher CM – mainly early strength, HSC, SCC, bad aggregate situations...

Same as above. You could still get high CM contents and low water content and stay with PV limit

Careful, better options to incentivize low variation, and low cement contents



Thank you
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