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-
dictory results, whether they have come from full-scale tests on 

reaction. Both increases and decreases in the shear capacity of 

corresponding control specimens or theoretical strength.

and tested under in-plane pure shear loading conditions. The 
panels, containing varying amounts of in-plane and out-of-plane 
reinforcement, were cast with either non-reactive aggregate, reac-

(Spratt). To accelerate the rate of the reaction, the specimens were 
conditioned under elevated humidity and temperature. Test results 
indicated that the load capacity of the panels was not adversely 

, 
as measured on corresponding standard expansion prisms, and that 

for the reactive specimens compared to similar non-reactive ones.
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EXPERIMENTAL PROGRAM

Specimen description

 with slight 

w/c

Table 1—Summary of ASR-affected shear-critical specimens reported in literature

Dimensions
h l, mm

PASR/PControl

ASR.free
–3Mean

—accelerated curing, monotonic loading, no vertical reinforcement

Schmidt et al.8

* 1.91† — — Calculated load without ASR 

9

‡ § 1.33|| — Calculated load without ASR 

4

# ** †† † — Calculated load without ASR 

13.9
11

reinforcement

reinforcement

Ahmed et al.12—accelerated curing, monotonic and fatigue tests

Monotonic loading

Fatigue loading

Deschenes et al.13

a/d

2.41 a/d
14

3 shear walls 1.9 to 2.2

*

†

‡

§

|| V/
#

**

††

PASR PControl
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w/c

2
for concrete aggregate.

13

2

2

 
x y , 

to avoid localized edge failure due to stress concentration. 

tions used, and 

Accelerated conditioning and expansion 

measurement

Table 2—Concrete mixture design

C1293
Current 

3

3

3

3 1113

w/c
3

42

3 3

Table 3—Chemical composition of general use 

cement

LOI 1.93

SiO2

Al2O3

Fe2O3

CaO

MgO

SO3

Free lime

2O

Table 4—Panel specimen test matrix

ID x y

Reactive 
aggregate

Loading 

AF1 3.31 —
Monotonic

AF2 3.31 —

AF3 3.31 —
Monotonic

AF4 3.31 —

3.31 —
Monotonic

3.31 —

3.31
Monotonic

AF8 3.31

AF9 3.31 — Monotonic

3.31 —
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reinforcement.

in their direction.

Test setup, instrumentation, and data acquisition

 to 

21 which 

-
sponding prism strains.
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–3

–3

was not valid.

 

EXPERIMENTAL RESULTS

 

22

ASR-induced prestress

 
Osgood function23,24 *

 
directions, fcx, fcy, fsx, and fsy, are shown in 

* www.concrete.org/publications in PDF format, 

Test observations

fcp; concrete modulus of 
c x.ASR y.ASR; 

ASR cr; shear strain 
cr u; and ultimate 

u.

cr, and the shear strain at 
cr

Table 5—Reinforcement properties

ID s fy, MPa y
–3 fsh, MPa sh

–3 fu, MPa u
–3

D8 194.9

D4 3.23

8/32

Table 6—Reactive panels: concrete and 

reinforcement stress state before testing

ID fcx, MPa fcy, MPa fsx, MPa fsy, MPa

AF3 183 414

AF4 292

113 234

144

–2.84 –1.11

AF8 –2.12 113

AF9 444

–3.33
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to structural failure.

Discussion of experimental results

Lightly reinforced panels—Shown in 

reinforcement.

Table 7—Summary of panel tests

ID fcp, MPa c, MPa

x.ASR
–3

y.ASR
–3

ASR
–3

cr, MPa cr
–3

u, MPa u
–3

AF1
*

*

*
2.19

AF2
*

*

*

† †

AF3 38.2 2.22
2.32

4.34

AF4 41.3
2.32

4.32

1.23

1.11
1.23

4.32

1.41
2.49

AF8
2.49

AF9 3.81

*

†
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would have indicated the occurrence of a deleterious mech
anism within the concrete.
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Highly reinforced panels—

 

sion state of the reactive concrete.

edge failure not occurred. In terms of shear stress at failure, 

strength and ultimate shear strain.
—Panels 

 

–3 –3

–3

–3

–3; the 

 

In terms of ultimate shear stress, Panels AF9, AF3, 
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Cyclic shear test

–3

–3.
Concrete principal tensile stresses at cracking—With the 

fc1. cr, 

strengths, ft. ACI
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0 33

4 0

MPa

psi

in 

strengths, ft. ACI

in the mechanical tensile strength of concrete.
 values 

for the tensile strength and the measured tensile stress at 

fc1.cr/ft. ACI, is shown 

u.R u.N, is given for Panels AF1 through AF8; 

Table 8—Concrete principal tensile stresses at 

cracking

ID fc1.cr, MPa ft.ACI, MPa fc1.cr/ft.ACI

AF1

AF2 2.48

AF3

AF4 2.12

2.39

1.19 2.38

1.21

AF8 2.31

AF9
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CONCLUSIONS

 

gate used.

 

not.

failure.
9. Consistent with numerous results from the literature, 
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