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Introduction

If SCMs contain significant quantities of alkalis which are available in 

the concrete pore solution, controlling alkali-silica reaction (ASR) can 

be very challenging.

Previously - Reasons why not to use high-alkali SCMs

Now - Reasons why we should investigate high-alkali SCMs

The demand for alternative SCMs in the concrete industry has 

increased significantly.

There is no specification for limiting the threshold value of alkali content 

of SCMs.

Not all alkalis of SCMs are readily available for release into concrete 

pore solution.  It is important to distinguish available alkalis from total 

alkalis in SCMs.

ASTM C618 



Fall 2023 – Boston, MA
Contents

Introduction

Materials Properties

Alkali Silica Reaction Methods and Results

Pozzolanic Reactivity Evaluation

Durability Properties

Conclusion 

Acknowledgements



Fall 2023 – Boston, MA
High Alkali SCMs
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Particle Size Distribution 
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Alkali-Silica Reaction

Alkali-Silica Reaction

Alkali–silica reaction (ASR) is a concrete durability problem 

that results from deleterious reactions between alkali 

hydroxides in pore solution of concrete and reactive forms of 

silica, typically present in aggregates.  ASR can result in 

significant maintenance and reconstruction costs. 

Role of SCMs in Mitigating ASR

Clinker dilution

Reduce the permeability

Consume calcium hydroxide (CH)

Alkali-binding and lowering the pH
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Experimental Method

Methods ASTM C1567 (AMBT) ASTM C1293 (CPT) AASHTO T380 (MCPT)

Duration 14 days 2 years 56 days (or 84 Days)

Sample Size 1 in. ×1 in. ×1.25 in. 3 in. ×3 in. ×11.25 in. 2 in. ×2 in. ×11.25 in.

Materials Mortar Concrete Concrete

Exposure 

Environment 

1 N NaOH Solution, 80oC 100% RH, 38oC 1N NaOH Solution, 60oC

Criteria for 

Effective ASR 

Mitigation 

(With SCMs)

1. Innocuous, <0.10 % at 

14-day

2. Potentially Reactive, 

0.10% -0.20% at 14 -day

3. Reactive, >0.20 % at 14-

day

Effective, < 0.040% at 2-year 1. Effective ≤ 0.020% at 56-

day

2. Uncertain 0.020 -0.025% 

at 56-day

3. Not Effective > 0.025% at 

56-day

4. Expansion rate < 0.010% 

in 2-week between 56-day 

to 84-day
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Comparison of Results from 

Different Test Methods (20% Dosage)

ASTM C1567 (14-D) ASTM C1293 (2-Y) AASHTO T380 

Effective<0.10 % in 14-D Effective<0.040% in 2-Y
Effective (P) < 0.020 % at 56 Days

Not Effective (F) > 0.025% at 56 days

NP Type Na2Oeq Expansion P or F Expansion P or F
Expansion 

(56-D)
P or F 

Expansion 

(84-D)
P or F

Control 0.49 F 0.167 F 0.216 F 0.237 F

NP 1 4.82 0.03 P 0.109 F 0.019 P 0.036 F

NP 2 5.61 0.03 P 0.096 F 0.026 F 0.044 F

NP 3 5.85 0.02 P 0.084 F 0.017 P 0.021 P

NP 4 6.51 0.03 P 0.048 F 0.014 P 0.022 P

NP 5 6.57 0.02 P 0.058 F 0.021 F 0.026 F

NP 6 8.28 0.02 P 0.091 F 0.017 P 0.018 P   

RFA 1 4.69 0.07 P 0.131 F 0.059 F 0.08 F

RFA 2 4.56 0.04 P 0.095 F 0.017 P 0.022 P
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AASHTO T380 Replacement Level
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ASTM C1293 Replacement Level---18-month
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Experimental Method

Isothermal Calorimetry

(Rapid, Relevant and Reliable (R3) Test)

Thermogravimetric analysis (TGA) Inductively Coupled Plasma Spectroscopy (ICP)

Strength Activity Index (SAI)Rigaku XRD Analyzer
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X-Ray Diffraction
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y = 8E-05x + 0.0279

R² = 0.0171
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ASTM C311 – Strength Activity Index (SAI)
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ASTM C1897 – R3 Test Results

69.2
48.9

116.2

72.8
88.4

69.6 69.3

108.7

146.3 145.8

197.5
188.6

204.5

162.6

231.3 236.5

299.9 307.8 300.6

351.2 354.6

315

389.7 387.2

0

50

100

150

200

250

300

350

400

450

NP 1 NP 2 NP 3 NP 4 NP 5 NP 6 RFA 1 RFA 2

H
ea

t 
R

el
ea

se
 (

J/
g

)

1-day 3-day 7-day



Fall 2023 – Boston, MA
R3 vs ASR Results

R3 vs CPT
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TGA – Ca(OH)2 g/g of Cement as 

Percentage to Control 
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TGA vs ASR Results

TGA vs CPT

y = 7.9759x - 0.1681
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Alkali Ions Concentration
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Alkali Ions vs ASR Results 

Alkali Ions vs CPT
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ASTM C596 – Drying Shrinkage

-0.095

-0.088

-0.101

-0.094

-0.088
-0.090

-0.120

-0.110

-0.100

-0.090

-0.080

-0.070

-0.060

-0.050

-0.040

-0.030

-0.020

-0.010

0.000
110

L
en

g
th

 C
h

an
g

e 
(%

)

Air Curing Days

Control

NP 2

NP 4

NP 5

RFA 1

RFA 2



Fall 2023 – Boston, MA
ASTM C1012 – Sulfate Resistance
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ASTM C1202 – Rapid Chloride 

Penetration Test
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Electrical Bulk Resistivity 
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Bulk Resistivity vs RCPT (84-D)
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Conclusions

Different ASR test methods yield different characterizations of high-alkali 

SCMs.  Per ASTM C1567 all the high-alkali SCMs materials passed the 

test, but all of them failed in ASTM C1293 (even at 1 year) at 20% 

dosage level. Using the amount of alkali content of SCMs to predict their 

ASR mitigation performance is not comprehensive. 

Results indicate that at higher replacement levels (30% and 40%) high-

alkali SCMs are performing much more effectively in mitigating ASR.

ASR expansion results from ASTM C1293 and AASHTO T380 show a 

good correlation with amount of calcium hydroxide, determined by TGA.

SCMs’ amorphous level and R3 test does not correlate well with ASR 

expansion very well. 

SAI results are not persuasive to represent the pozzolanic reactivity of 

SCMs. 



Fall 2023 – Boston, MA
Conclusion

Pore solution chemistry in these systems support the results from ASR 

experiments. All SCMs effectively lower the alkali ions concentration in 

the pore solution. Higher SCMs replacement further decreases 

concentration. The alkali content of SCMs does not indicate the 

proportional relationship with alkali ions concentration in pore solution.

Results obtained from RCPT and bulk resistivity indicate that 

cooperating high-alkali SCMs in the concrete makes concrete matrix 

denser compared to the control. 

High-alkali SCMs improve the sulfate resistance.

Based on the findings in this study, high-alkali SCMs can have a solid 

potential to be alternative SCMs for the concrete industry, provided the 

alkalis are not readily available.
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Particle Diameter
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Water Demand Compared to Control (± 5%) 

(ASTM C311)
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Isothermal Calorimetry 20% Dosage
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Automatic Setting Time

256

233

172

265

264

220

203

283

295

256

260

250

227

325

444

492

541

288

265

221

302

318

257

229

322

328

287

292

293

260

378

505

533

590

150 200 250 300 350 400 450 500 550 600 650

Control

NP 1 20%

NP 1 40%

NP 2 20%

NP 2 40%

NP 3 20%

NP 3 40%

NP 4 20%

NP 4 40%

NP 5 20%

NP 5 40%

NP 6 20%

NP 6 40%

RFA 1 20%

RFA 1 40%

RFA 2 20%

RFA 2 40%

Time (mins)



Fall 2023 – Boston, MA
Ultrasonic-Pulse Velocity
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