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INTRODUCTION - Alkali Aggregate Reactions

Alkali Aggregate Reactions (AAR)
O Alkali Silica Reaction (ASR)

O Alkali Carbonate Reaction (ACR)

Cracks

Alkalis + Reactive silica Expansive Gel Cracking
+ water
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INTRODUCTION - Role of Moisture and Temperature

« Moisture and temperature improves the development of ASR; Moisture threshold of 80% critical

» Studies has been limited to the use of external moisture

Influence of

« Most of the studies on role of moisture and temperature only expansion on
consider on expansion measurements internal distress

External Relative features
% Humidity (RH)
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Multi-level Assessment Of ASR Induced Deterioration

I Damage Rating Index (DRI)

Direct Shear Test

| Stiffness Damage Test (SDT) Z
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Materials and Results and

Damage Rating Index (DRI)

oot sectone | pe eoton polished
concrete sections

CCA: Closed Cracks in aggregates 0.25

OCA: Open cracks in aggregates 2

» Performed with a stereomicroscope (15-16x)

OCAG: Cracks with reaction products in aggregates

- &ﬁﬁﬁﬂﬁﬁ%%%ﬂ@%%@@?ﬁ CAD: Debonded aggregates
ﬁ‘%g Q@%@Ww@‘ﬁ&é% %& £ el DAP: Disaggregated/corroded aggregate particle

CCP: Cracks in cement paste

W[l Wl N W[ N

CCPG: Cracks with reaction products in cement paste

2.((0.25CCA) + 2(OCA + OCAG + DAP) + 3(CCP + CCPG + CAD))
DRI = X 100 cm?
# of analysed 1 cm by 1 cm squares
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Damage Ratlng Index (DRI)

Materials and Results and

4 DRI NUMBER =4 ASR
INDUCED DAMAGE
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Direct Shear Test

« Aggregate interlock improves shear resistance

« ASR affects aggregate interlock
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Cylinder size: 100 x 200mm
Notch Width: 5mm, Loading rate: 100 N/s (Ziapour et al., 2022)
Notch depth: 22 = 1mm (Barr and Hanso, 1986)
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OBJECTIVES

a Internal versus external moisture and ASR development
Influence of moisture and temperature on the kinetics of ASR

a Microscopic damage features at numerous exposure conditions

=
Mechanical properties loss
(aci®
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MATERIALS AND METHODS - Framework for moisture measurement

Sensor for external
#| RH attached to the
lid

Absorbent material

Concrete cylinder

External RH

Gortex fabric Rubber stopper

Sensor for internal

Plastic tube RH

Bucket

Perforated rack of

about 30 to 40mm
Water or salt high

Internal RH
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MATERIALS AND METHODS

) . Materials and Results and

Temperature
@00 |
[ I |
21°C 38°C 60°C
- — Exposure
Relative Humidity conditions
. A
EXperImenta| Spra‘[t coarse 1.25% Nazeqo { | \
Program Highly reactive 62% 75% 82% 90% 100%
] DRI T
iefi;enai:i Alkali Level Internal distress 6/12M (210C & 380C)
gareg Tests = 3/6M (60°C)
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RESULTS AND DISCUSSION - Internal versus External RH

62% RH, 21°C 75% RH, 21°C 82% RH, 21°C
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Kinetics of ASR at numerous moisture and temperature

0.26%

—=—SP-100% RH

21°C
0-22% 1+ sp-00% RH
0.18% 4 —#—SP-82% RH

—e— SP-75% RH

0.14% -
5 —— SP-62% RH 100% RH
£ 0.10% A
i)
0.06% - 90% RH
0.02% - 82% RH & 75% RH
10.02% - — 62% RH

-0.06% T T T . T T T . T ’
0 40 a0 120 160 200 240 280 320 360
Time(Days)
E> SP: Spratt ~
, (@cl® cONCRETE
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Kinetics of ASR at numerous moisture and temperature

0.26%

—=— SP-100% RH 38°C
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Kinetics of ASR at numerous moisture and temperature

0.26%

—=— SP-100% RH 0.26%
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_ 0445 ; 0 0
iy - IS 90% RH & 100% RH
8
0.08% 1 0.14% -
=
0.02% | 5
g 0.109%
oo g 82% RH
-0.06% . | ! ! | W
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CA)

g
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Kinetics of ASR at numerous moisture and temperature

0.26%
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Damage Rating Index Results (Spratt Reactive aggregates; SP)

0.26%

0.22% A

0.18% A

0.14% A
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Damage Rating Index Results (Spratt Reactive aggregates; SP)

sp-100% R+ | S S T
atchinglup
SP-90% RH sp-90% R+ |
SP-90% RH
SP-82% RH sp-82% rH |
>40% \ seezi v |
sp-75% RH NN sp-75% RH |
increase in OICAS:t
ow
1]
SP-62% RH OCA sp-62% rH (NN 38°C SP-75% RH _ 60°C
0 600 700 0 100 200 300 400 500 600 700 o w0 200 300 400 so0 s00 700
DRI Number DRI Number
DRI Number C
12 MONTHS, o 12 MONTHS 6 MONTHS
mCCA WOCA NOCAG MCAD ENDAP mCCP mCCPG | ECCA NOCA HOCAG CAD WDAP ECCP mCCPG WCCA  EOCA  WOCAG CAD ~ WDAP  mCCP  WCCPG 4
A
]
0.26% l
—8— SP-100% RH o [ —=—SP-100% RH —=— SP-100% RH —e—SP-90% RH b
022% {  _. <o.00% RH 21°C [ 1 ——spoowrH 38°C —a— SP-82% RH SP-75% RH 60°C
048% 4 —&SP-820% RH | | ——sPs2%rH —5P-62% RH
o140 | o SPTI%RH | —e—SP-75% RH
§ ——SP-62% RH I. —<—SP-62% RH
S 0.10% - I
a
0
0.06% - I’ i
I
0.02% - 7
-0.02% -
-0.08% | | | | | | | . . . | | | ! | ! ! | | | ! ! ! ! ! !
0 40 80 120 160 200 240 280 320 360 ¢ 40 80 120 160 200 240 280 320 360 O 20 40 80 100 120 140 160 180
Time(Days) Time (Days) Time (Days)

, e 'CONCRETE
THE WORLD’S GATHERING PLACE FOR ADVANCING CONCRETE CONVENTION




. L Materials and Results and

Direct Shear Test Results (Spratt Reactive aggregates; SP)

40% 40%
Spratt at 21°C Spratt at 38°C
35% 35%
= 30% 5 30% r >15% loss (expansion ongoing despite net
B 5} shrinkage)
2 25% 5 25% [ |
& S 0.0817% -0.0089%6
5 20% 5 20%
5 5
= 15% Z15%
A 10% | 10% .
59, 40%
. . Spratt at 60°C
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5 20%
A 15%
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D
= 10%
a -
. B
0%
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N
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Direct Shear reduction versus DRI features (Spratt Reactive aggregates; SP)

40%
o 35% 5
=)
5 30%
OCA/OCAG E '
k> 25% N . A
5 20% @
E e A O
n 15% A2
S 10% A
B 5o
ASR affected coarse aggregate o
0%
0 100 200 300 400 500
: OCA + OCAG
RH/Temp Expansion OCA+ OCAG
t t t l A SP-38°C-6M  #SP-38°C-12M  © SP-21°C-6M = SP-21°C-12M ”

OCA: open cracks in aggregates, OCAG: Cracks with reactive
products in aggregates

Shear
resistance
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4 )
Internal RH is higher than the 4 )

external RH at low moisture ASR expansion is coupled with

drying shrinkage at low
moisture levels

levels for most part of the
experiment

- J

4 Correlation exists between N
petrographic features and
shear loss at numerous
exposure conditions using
\_ Spratt reactive aggregates ‘

temperature
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MATERIALS AND METHODS - Control of Relative Humidity (RH)

Absorbent material |R

Gortex fabric

Plastic tube

Water or salt F

Sensor for external
RH attached to the
lid

Concrete cylinder

Rubber stopper

Sensor for internal
RH

Bucket

Perforated rack of
about 30 to 40mm
high

Temp/RH 21°C 38°C 60°C
100% distilled water distilled water distilled water
90% barium chloride potassium nitrate potassium sulfate
82% ammonium sulfate | potassium chloride potassium nitrate
75% sodium chloride sodium chloride sodium chloride
62% sodium bromide sodium nitrite sodium nitrite
ASTM E104
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