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PROJECT OBJECTIVES/GOALS

The overall goals of this project were to evaluate the presence of alkali-silica reaction (ASR) in California
bridges and pavements by using an already-existing collection of available pavement section and bridge cores
taken from locations around the state, to develop procedures for evaluation of ASR by Caltrans staff, and,
potentially, to investigate several locations suspected of having ASR damage. The cores, which had been taken
from bridge decks and concrete pavements throughout California, had been collected for other research studies
but they were determined to be suitable for this study’s statewide assessment of the presence of ASR in Caltrans
pavements and bridges. The primary objective of the project was to inventory and then use these cores to
provide an overall high-level assessment of the presence of ASR in the state’s pavements and bridge decks. The
project’s secondary objective was to see if there was any difference in the ASR detection rates for concrete
placed before and after Caltrans changed its ASR-mitigation practices in the 1990s. Creation of a procedure for

evaluating ASR that can be used by Caltrans staff was added as a third objective during execution of the project.

Before this study began, it was understood that the likelihood of finding ASR in any one of these samples might
be low because the cores had not been taken from bridges and pavements where ASR was suspected or where
there was visible damage from ASR. It was also understood that the sampling and laboratory practices to be
used in this study differed from those that would be used on a typical forensic investigation where ASR is

suspected because of the need to perform rapid, low-cost evaluation of a large number of cores.
This report summarizes the results of the inventory and testing of the cores made available at the beginning of

the study, which completes the three objectives of the project. Some additional sampling and testing of locations

with suspected ASR may be performed in the project.
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EXECUTIVE SUMMARY

Alkali-aggregate reaction (AAR) refers to the reaction between the hydroxyl ions in the alkaline cement pore
solution in portland cement concrete (PCC) and reactive aggregates in the concrete. Alkali-silica reaction (ASR)
is the most common form of alkali-aggregate reaction found in concrete. This reaction produces a composite
called alkali-silica gel that will increase in volume and crack the aggregates and the surrounding cement paste if

the latter lacks sufficient strength to resist the expansive pressure.

Caltrans has spent significant resources over several decades attempting to mitigate the impact of ASR on
bridges and pavements. In 2000, Caltrans finalized a general specification it had developed to reduce ASR’s
impact. However, to date no study has been conducted to evaluate the service-life impact of ASR on the
California highway network or to compare the results of studies on concrete materials placed before and after

the final specifications changes.

The first indication of ASR in a pavement is a characteristic cracking pattern. Once a determination is made that
ASR is present or that further examination is desired, cores are extracted from the area where cracking occurred.

The cores are then cut into thin and/or polished sections.

The most common technique used for the identifying ASR is the examination of thin sections of concrete using
a petrographic microscope. Scanning electron microscopy (SEM) is an alternative technique; it is used to
examine polished sections of concrete. Of the two techniques, SEM gives a more definitive result about the
presence of alkali-silica gel because the process uses x-ray microanalysis to confirm the identification of ASR

reaction products.

Compressive strengths from areas suspected of having ASR can be an indicator of ASR-related microcracking,

although low compressive strengths can occur for a number of other reasons.

A survey to determine the extent of ASR on the California highway network would require extensive condition
surveying and field sampling. However, having existing concrete cores collected by three earlier Caltrans

studies provided an opportunity to initiate an ASR survey study on the cores.
More than 300 bridge deck cores had been obtained from various structures throughout the state as part of a

Caltrans Bridge Deck Preservation Committee initiative. A second set of cores was obtained from those

collected by a ground-penetrating radar (GPR) study that had been conducted to determine the existing

UCPRC-RR-2015-07 v



pavement structural cross-sections on California’s highway network. A third group of cores was obtained from
an evaluation of coefficient of thermal expansion (CTE). A total of 265 pavement cores and 311 bridge cores
were available from the three studies. Of the bridge cores, 102 had lengths greater than 75 mm (3 inches), the
minimum length required to provide sufficient cross-sectional area for ASR examination based on advice from
the petrographer subcontracted for the study and approved by the UCPRC and the Caltrans steering committee.
The preferred length was 100 mm (4 inches) to provide more cross-sectional area. Because the pavement cores
had a larger diameter and were all longer than 3 inches, all of them were potentially useable for petrographic

examination.

The overall goals of this project were to evaluate the presence of alkali-silica reaction (ASR) in California
bridges and pavements by using an already-existing collection of available pavement section cores and bridge
cores taken from locations around the state, to develop procedures for evaluation of ASR by Caltrans staff, and,
potentially, to investigate several locations suspected of having ASR damage. The primary objective of the
project was to inventory and then use these cores to provide an overall high-level assessment of the presence of
ASR in the state’s pavements and bridge decks. The project’s secondary objective was to see if there was any
difference in the ASR detection rates for concrete placed before and after Caltrans changed its ASR-mitigation
practices in the 1990s. A third objective added during the project was the creation an ASR evaluation procedure

for use by Caltrans staff.

Before this study began, it was understood that the likelihood of finding ASR in any one of these samples might
be low because the cores had not been taken from bridges and pavements where ASR was suspected or where
there was visible damage from ASR. It was also understood that the sampling and laboratory practices to be
used in this study differed from those that would be used on a typical forensic investigation where ASR is

suspected because of the need to perform rapid, low-cost evaluation of a large number of cores.

This research report summarizes the creation of an inventory of the bridge and pavement cores from the earlier
studies, lays out the criteria for visual inspection and assessment of the cores, and presents the results of strength

and density testing on the cores to identify potential issues pertaining to ASR in California roadways.

Among the results from the testing were the following:

e Most of the pavement cores inspected showed Damage Rating Index (DRI) for Concrete (following
ASTM C 856-14) values of less than 1,000 (ASR not likely, according to the criteria shown in
Section 3.2), with a DRI value of roughly 200 being the approximate median. A few cores had DRI
results between 1,000 and 2,000 (ASR possible). None of the pavement cores inspected showed DRI
results larger than 2,000 (ASR probable).

vi UCPRC-RR-2015-07



e Most of the bridge cores inspected had DRI results less than 1,000 (ASR not likely, according to the
criteria listed previously), and the median DRI result was approximately 500. Very few of the bridge
cores had DRI results between 1,000 and 2,000 (ASR possible), and none of them had DRI results
greater than 2,000 (ASR probable).

As-built data for the bridge cores were obtained for 259 of the 311 bridge cores. All of the cores came
from bridges that were built before the year 2000. Comparison with the year of construction and the
DRI data showed almost no trend between the age of the cores and DRI, with bridge ages ranging from
17 to 69 years old at time of visual inspection. Even the youngest cores should have had enough time to
begin to manifest ASR if the reaction was occurring. There was no apparent difference in DRI values
for the 46 cores taken from bridges built after 1995, when changes to specifications were made,

compared with bridges built before 1995.

e Approximately 90 percent of the unconfined compressive strength (UCS) results were between 4,400
and 8,800 psi (30 and 61 MPa) and the median value was approximately 6,090 psi (42 MPa). These
results were considered to be within the range of long-term strengths expected of PCC pavements by
experienced Caltrans materials engineers.

e Approximately 90 percent of the density results were between 140 and 155 pcf (2,243 and 2,483 kg/m?®)
and the median value was approximately 147 pcf (2,350 kg/m?). These results were considered to be
within the range of densities expected of PCC pavements by experienced Caltrans materials engineers.

e There was no significant correlation found between the UCS and density of the pavements core tested,
although UCS strength generally increased with density.

e A draft guideline was developed for the visual inspection of concrete cores to identify signs of potential
ASR-related distresses; this guideline can to be used in the future by Caltrans staff to determine the need
for further, more detailed examinations. The guideline describes step-by-step inspection procedures and
selection criteria for further detailed examinations, and uses photographic examples that show different
severity levels of potential ASR distresses.

e An integrated spreadsheet database was prepared for storing all relevant data for all cores, including test

results from all tasks (DRI, UCS, and density).

The second objective of evaluating the effects on ASR of specification changes in the 1990s could not be
completed because of the very low detection of ASR in the cores examined, regardless of whether the concrete

was placed before or after 1995.
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Based on the results of the study, which showed very low detection of ASR, it is recommended that no further
work be performed on this project, except that Caltrans may choose to select a few locations suspected of having

ASR for sampling and evaluation.
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1. INTRODUCTION

1.1 Background

Alkali-aggregate reaction (AAR) refers to the reaction between the hydroxyl ions in the alkaline cement pore
solution in portland cement concrete (PCC) and reactive aggregates in the concrete. Alkali-silica reaction (ASR)
is the most common form of alkali-aggregate reaction found in concrete. This reaction produces a composite
called alkali-silica gel that will increase in volume and crack the aggregates and the surrounding cement paste if

the latter lacks sufficient strength to resist the expansive pressure.

Caltrans has spent significant resources over several decades attempting to mitigate the impact of ASR on
bridges and pavements. In 2000, Caltrans finalized a general specification it had developed to reduce ASR’s
impact. However, to date no study has been conducted to evaluate the service-life impact of ASR on the
California highway network or to compare the results of studies on concrete materials placed before and after

the final specifications changes.

The first indication of ASR in a pavement is a characteristic cracking pattern. Once a determination is made that
ASR is present or that further examination is desired, cores are extracted from the area where cracking occurred.

The cores are then cut into thin and/or polished sections.

The most common technique used for the identifying ASR is the examination of thin sections of concrete using
a petrographic microscope. Scanning electron microscopy (SEM) is an alternative technique; it is used to
examine polished sections of concrete. Of the two techniques, SEM gives a more definitive result about the
presence of alkali-silica gel because the process uses x-ray microanalysis to confirm the identification of ASR

reaction products.

Compressive strengths from areas suspected of having ASR can be an indicator of ASR-related microcracking,

although low compressive strengths can occur for a number of other reasons.

A survey to determine the extent of ASR on the California highway network would require extensive condition
surveying and field sampling. However, having existing concrete cores collected by three earlier Caltrans

studies provided an opportunity to initiate an ASR survey study on the cores.

The first of these earlier studies, a Caltrans Bridge Deck Preservation Committee initiative, collected 311 bridge
deck cores from various structures throughout the state as part of quality assurance testing. The cores were
identified as being of use for ASR research and were obtained for this study from the Caltrans Transportation

Laboratory.
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A second set of cores was obtained from those remaining from a ground-penetrating radar (GPR) study
completed in 2012. The goal of the study for which the cores had been collected was to develop better
information regarding the existing pavement structures on California’s state highway system. The cores, many
of which were taken from concrete pavements, had been used to calibrate the GPR. Some of the cores were from
pavements with PCC surfaces and others had been overlaid with asphalt prior to coring. Although most of the
GPR pavement cores were discarded after completion of the thickness measurements, cores from 134 sites had

been saved and were still available.

A third study, from which 131 cores were obtained, had used nondestructive testing to measure the coefficient
of thermal expansion (CTE) on concrete pavement projects. Although the cores from the CTE study had been
subjected to a brief period of soaking, it was determined that the soaking would not compromise the results of

the ASR study.

Altogether, a total of 265 pavement cores and 311 bridge cores were available from the three studies. Of the
bridge cores, 102 had lengths greater than 75 mm (3 inches), the minimum length required to provide sufficient
cross-sectional area for ASR examination based on advice from the petrographer subcontracted for the study and
approved by the UCPRC and the Caltrans steering committee (which consisted of selected staff from the Office
of Structural Materials [OSM] and members of the Pavement Program). The preferred length was 100 mm
(4 inches) to provide more cross-sectional area. Because the pavement cores had a larger diameter and were all

longer than 3 inches, all of them were potentially useable for petrographic examination.

1.2 Study Objective/Goal

The overall goals of this project were to evaluate the presence of alkali-silica reaction (ASR) in California
bridges and pavements by using an already-existing collection of available pavement section cores and bridge
cores taken from locations around the state, to develop procedures for evaluation of ASR by Caltrans staff, and,
potentially, to investigate several locations suspected of having ASR damage. The cores, which had been
removed from bridge decks and concrete pavements throughout California, had been collected for other research
studies but they were determined to be suitable for this study’s statewide assessment of the presence of ASR in
Caltrans pavements and bridges. The primary objective of the project was to inventory and then use these cores
to provide an overall high-level assessment of the presence of ASR in the state’s pavements and bridge decks.
The project’s secondary objective was to see if there was any difference in the ASR detection rates for concrete
placed before and after Caltrans changed its ASR-mitigation practices in the 1990s. Creation of a procedure for

evaluating ASR that can be used by Caltrans staff was added as a third objective during execution of the project.
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Before this study began, it was understood that the likelihood of finding ASR in any one of these samples might
be low because the cores had not been taken from bridges and pavements where ASR was suspected or where
there was visible damage from ASR. It was also understood that the sampling and laboratory practices to be
used in this study differed from those that would be used on a typical forensic investigation where ASR is

suspected because of the need to perform rapid, low-cost evaluation of a large number of cores.

This report summarizes the results of the inventory and testing of the cores made available at the beginning of
the study, which completes the three objectives of the project, except that the second objective of evaluating
detection rates of ASR in concrete placed before and after specification changes in the 1990s showed no

differences because of very low detection rates across all cores.

UCPRC-RR-2015-07 3



(This page left blank)

UCPRC-RR-2015-07



2. COMPILATION OF INVENTORY DATA ON EXISTING CORES AND
PREPARATION OF SAMPLES

The first task of the project had three parts: inventory the pavement and bridge cores, create a database from the
inventory, and prepare the cores for further evaluation and testing. Once the inventory data was collected it was
to be used for the following, if possible:

e To create a final database that can be utilized by various Caltrans units in the future,

e To determine the adequacy of current specifications, and

e To correlate the prevalence of ASR in concrete to site conditions and service life.

2.1 Compiling Data on the Existing Bridge and Pavement Cores

All the bridge and pavement section cores were collected from Caltrans and UCPRC storage facilities and
brought to the UCPRC’s laboratory at Richmond Field Station (see Figure 2.1 and Figure 2.2). Once there,
UCPRC staff—using identification data provided by staff of the Caltrans Division of Engineering Services
(DES) Materials Engineering and Testing Services (METS)—processed and inventoried the bridge cores,

measured their dimensions, and organized all the cores for use in this study.

Spreadsheet data files (shown in Figure 2.3 for the bridge cores and in Figure 2.4 for the pavement cores) were
generated to archive the available information. Data available for the bridge cores, including bridge ID/name
and location, coring date, core size and core location on bridge, and any historical data (bridge age, mix design,
strength, stiffness, etc.), came from METS staff, while information for the pavement cores came from UCPRC

records.
Figure 2.5 and Figure 2.6 show that most of the bridge cores were from the San Francisco Bay Area and

northern California, and that the pavement cores came from across the state. Figure 2.6 also shows where cores

were taken from the surface of PCC pavements and from PCC under asphalt surfaces.
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Figure 2.1: Pavement cores, including 150 cores that had been soaked in lime water for CTE testing.
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Figure 2.2: Bridge cores; cores equal to or longer than 3 inches were used for ASR visual inspection.

Dissrics county [ Corelocation |BridgeNumber| PM Lane | Abutho T’:’:"Dg"' Shoulder "“’;z‘o:“ CorelD F"":""“' CoreType| Latitude | Longitude | Elevation [ arcroody Type ngwn CoreDis Co;,"‘ 0| lotes
1 4| Conira Costa | NB 680 |ane 3, BR#28-0161 280161 1393 3 1 53] 106" |cBivd,ols| 1 BA2M08 | Bridge | 37.8038 | 122067 | 254 BenoirRe] Fresh | 20,000 2 3 pazAizod
2 4 | Conira Cosla | NB 8D |3, Bre2e-0161 AB1| 280161 1393 3 1 52 106" |icBlvdols| 2 | 8M2M08 | Bridge | 37.8038 | 122067 | 254 |enoirRe{ Fresh | 20,000 2 3 pa2AT204
3 4 Contra Costa | NB 680 |3, BR#28-0161 8N 28-0161 13.93 3 2 15 18" |icBivd ols 3 8M2/08 | Bridge | 37.8938 |-122.067 | 254 [seroirReq Fresh 20,000 2 2 14-2A7204
4 4| Contra Costa | NB 680 | 3, BRe28-0161 81 28-0161 13.93 3 2 g 18 |icBivdols| 4 | 812M08 | Bridge | 37.8938 | -122.067 | 254 kenoirRe] Fresh | 20,000 2 3 pa-2AT204
5 4 San Wateo 380 | BR¥35.0253 7R | 350253 573 7R /5 |Unknown| Bridge | 37.6344 | 122415] 20 | SF Bay [Ocean Bay 8,000 2 2 |Core broker
6 4 San Wateo 380 | BR#35-0253 9K | 350253 573 9K Unknown| Bridge | 37.6344 | 122415] 20 | SF Bay [Ocean Bay 8,000 2 2 pa0E5304
7 4 San Mateo 380 | BRe35-0253,9R | 350253 573 9R Unknown| Bridge | 37.6344 | 122415| 20 | SF Bay [Ocean Bay 8,000 2 3 ]p40ES304
8 4 San Mateo 380 BR#35-0253, 11L. 35-0253 573 11L 13 Unknown| Bridge | 37.5344 | -122.415 20 SFBay |QeanBay| 8,000 2 5 14-0E5304
9 3 Placer NB 65 | R12.67, BR#19-01 19-0176 R12.67 2 1 13 am Sloug 1 6/30/09 | Bridge | 38.8619 | -121.3 158 Mill Pond | Fresh 6,231 2 3 )3-2E8804
10 3 Placer NB 65 |R1267, BREIS-017] _19-0176 | R12.67 z 1 228" amsioug] 2 6/30/09 | Bridge | 38.8619 | 1213 | 158 |MillPond| Fresh | 6,231 z 2 p3-2e8804
1 3 Placer NB 65 |Ri1267, BR#15-017 190176 | R12.67 2 1 664" amSioug] 3 6/30/09 | Bridge | 38.8619 | 1213 | 158 | Wil Pond| Fresh | 6,231 2 3 p32E8s04
12 3 Placer NB 65 [1267, BREIS-0175] 190176 | R12.67 2 1 102107 amSloug] 4 6/30/09 | Bridge | 38.8619 | 1213 | 158 |MillPond| Fresh | 6,231 2 3 p32E8804
13 3 Placer NB 65 |R1267 BR#19-017]  19-0176 R12.67 2 2 23F am Sloug 5 6/30/09 | Bridge | 38.8619 | -121.3 158 Mill Pond | Fresh 6,231 2 3 13-2E8804
14 3 Placer NB 65 |R12.67, BRE19-017 19-0176 R12.67 2 2 10" am Sloug 6 6/30/09 | Bridge | 38.8619 | -121.3 158 Mill Pond | Fresh 6,231 2 3 13-2E8804
15 3 Placer 65 |1 1802 BRE1S.0T]  19-0174 | WB.02 2 1 67 OaksBhg 1 6/30/09 | Bridge | 38.7951 | 121297 122 |nitney Por| Fresh | 20,000 2 3 p3-2Ess04
16 3 Placer 65 |80z BR#19-0174 190174 | WM8.02 2 1 1561 OaksBivd 2 6/30/09 | Bridge | 38.7951 | 121207 122 |hitney Por| Fresh | 20,000 2 3 p32ess04
17 3 Placer 65 |80z BR#19-0174 190174 | WM8.02 2 1 1289 OaksBhg 3 6/30/09 | Bridge | 38.7951 | 121207 | 122 |hitney Por| Fresh | 20,000 2 3 ]3-2E8804
18 3 Placer 55 |imeoz, BR#18-017] 190174 | WMB.02 2 1 1437 OaksBhd 4 5/30/09 | Bridge | 38.7951 | 121207 122 |hitney Por| Fresh | 20,000 2 3 p32Esen4
19 3 Placer 65 M R11.92, BR219-0  19-0173 R11.92 1 1 952" Bridges 1 6/30/09 | Bridge | 38.8511 | -121.3 133 yhitney Por] Fresh 2,104 2 3 )3-2E8804
20 3 Placer 65  MRI1.92,BR#1S.0] 190173 | R11.92 1 1 1266 Bridges 2 6/30/09 | Bridge | 38.8511 | -1213 | 133 |nineyPor Fresh | 2,104 2 2 p3-2E8804
21 3 Placer 65  JMRI182 BR#1S-0] 190173 | R11.02 1 1 1532° Bridges( 3 6/30/09 | Bridge | 38.8511 | 1213 | 133 |nineyPor Fresh | 2,104 2 3 p3oessod
22 3 Placer 65 JMRI1.92 BRE1S-0] 190173 | R11.02 1 3 200" Bridges] 4 6/30/09 | Bridge | 38.8511 | 1213 | 133 |hineyPor Fresh | 2,104 2 3 32E8804
23 3 Placer 55 | Re.0, BR#15-015{ 1001545 | RB.20 3 34T sBvd O 1 5/30/09 | Bridge | 38.7073 | 121209 118 |olsomLaK Fresh | 47,033 2 3 p32Esen4
24 3 Placer 65 R8.20, BR#19-01 19-01545 R8.20 3 g2 s Bivd. Off| 2 6/30/09 | Bridge | 38.7973 | -121.299 118 |olsomLak Fresh 47,933 2 3 3-2E8804
25 3 Placer 65 |1R8.20, BR#19-015 1901545 | R8.20 3 67 sBNva O 3 6/30/09 | Bridge | 38.7973 | 121.299| 118 |olsom LaH Fresh | 47,933 2 25 []3-2E8804
26 3 Placer 65 | RE.20 BR#IB015{ 1001545 | R8.20 3 01 sBvd O 4 6/30/09 | Bridge | 38.7073 | 121200| 118 |olsom LaK Fresh | 47,033 2 25 p32essod
27 3 Placer 65 |PW 1260, BR#15.0 100179R | 126 2 0 4327 PrayBOH| 1 6/30/09 | Bridge | 38.8609 | 1213 | 147 |olsomLaK Fresh | 60,000 2 2 p32Ess0d
28 3 Placer 65 [P 1260, BR¥18-0 190179R | 126 2 4 1328 PrwyBOH| 2 6/30/09 | Bridge | 38.8609 | 1213 | 147 |olsomLaK Fresh | 60,000 2 3 p32E8804
29 3 Placer 65  PM 1260, BR#19-01  19-0179R 12.6 2 4 14017 Plwy BOH 3 6/30/09 | Bridge | 38.8609 | -121.3 147  |olsomLak Fresh 60,000 2 3 13-2E8804
30 3 Placer 65 M 12.60, BR#19-01]  19-0179R 12.6 2 4 2531 Pkwy BOH 4 6/30/09 | Bridge | 38.8609 | -121.3 147  jolsomLak Fresh 60,000 2 3 )3-2E8804
31 3 Placer 65 [P 1260, BR#18-0 19-0179R | 126 z 4 2623 PkwyBOH| 5 6/30/09 | Bridge | 38.8609 | 1213 | 147 |olsomLaK Fresh | 60,000 z 3 p3-2ess0d
32 3 Placer 65 | P 1260 BREIS 100179R | 126 2 1 54" PrwyBOH| 6 6/30/09 | Bridge | 38.8609 | 1213 | 147 |olsomLaK Fresh | 60,000 2 3 p32E8s04
a3 3 Placer 65 |PM 1260, BRE1S0{ 190179 | 1286 2 1 124" PrwyBOH 1 6/30/09 | Bridge | 38.8609 | 1213 | 147 |olsomLaK Fresh | 60,000 2 2 32e8804
4 3 Placer 65 PM 12.60, BR#19-01  19-0179L 12.6 2 1 700" Pkwy BOH 2 6/30/09 | Bridge | 38.8609 | -121.3 147  |olsomLak Fresh 60,000 2 2 13-2E8804
35 3 Placer 65 1 12.60, BR#19-01 19-0179L 12.6 2 1 1625" Pkwy BOH 3 6/30/09 | Bridge | 38.8609 | -121.3 147  jolsomLak Fresh 60,000 2 3 )3-2E8804
36 3 Placer 65 |W1260, BRF19.01] 18-0179L | 126 z 1 2004 PkWyBOH 4 6/30/09 | Bridge | 38.8609 | 1213 | 147 |olsomLaK Fresh | 60,000 z 3 p3-2ess0d
37 3 Placer 65 PW 1260, BRES01] 190179 | 126 2 1 2527 PkwyBOH 5 6/30/09 | Bridge | 38.8609 | 1213 | 147 |olsomLaK Fresh | 60,000 2 3 p32E8s04
38 3 Placer 65  PW 1260, BREIS-01] 190179 | 126 2 1 2662° | 59" |PrwyBOH 6 6/30/09 | Bridge | 38.8609 | 1213 | 147 |olsomLaK Fresh | 60,000 2 3 32E8804
39 4 Solano 80 |cRBridgelanc 1A 23-20L R5.2 1 505 South Sweeny (Sample 1/ 810/08 | Bridge | 38.1333 | 122.224| 104 |ake Chabd Fresh | 2,158 2 5 pa0EBID4
40 4 Solano 80 CR Bridge Lane 1, 23-20L R5.2 1 505 South Sweeny (Sample 214 8/10/08 | Bridge | 38.1333 | -122.224 104  |ake Chabq Fresh 2,158 2 6 14-0E8104
] . 4 Solano 80  [:RBridge Lane 1,§ _ 23-29R R5.2 1 505 North Sweeny (Sample 1/{_8/9/08 | Bridge | 38.1333 | -122.224| 104 ake Chabd Fresh | 2,158 2 5 |)4-0EB104
42 4 Solano 80 [uin,Lane 1,PMAS{ 23 0160L | R657 1 Allendale 5058 3/3 | 8/10/08 | Bridge | 38.1382 | 122.221] 279 [ake Chab Fresh | 2,200 2 4 paoesiod
43 4 Solano 80  |Jak, Lone |, PWRE] 23.169R | RB57 1 505 North Allerl/2 Samplq_8/10/08 | Bridge | 38.1382 | 122.221| 279 [ake Chabd Fresh | 2,200 2 5 pa0Esind
44 4 Solano 80 ok, Lanc 1,PHRS| 23180R | RB57 1 505 North Allerp/2 Sampld_8/10/08 | Bridge | 38.1382 | 122.221| 279 [ake Chabd Fresh | 2,200 2 5 pa0Esiod
45 4 Solano 80  |ane1, PMR26.46 | 23-0051L R26.46 1 aow Mﬂsmhlz Samplg 8M10/08 | Bridge | 38.3542 | -121.979 163 |latis Cree| Fresh 400 2 4 14-0E8104
46 4 Solano 80  |anc 1 PMR26.26, | 23-0051L | R26.46 1 80WMasol _2/2 | 810/08 | Bridge | 38.3542 | -121.979| 163 |llatis Cree| Fresh | 400 2 2 |core broker
47 O me B 880 loc. Lane 3. BR#3a-]  33-0273 10.66 3 1 143 Crandall Creekd 251 | 11/20/08 |_Bridae 5675 122043] 32 landallCrel Creek | 6.336 2 5
4 v M| Rridae Pavamant . PavamentAll . Ghaat! ¥1 Ml
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Figure 2.3: Inventory of bridge cores.



~ PRC3.34 - ASR PAVEMENT CORE INVENTORY

LOCATION: ATIRC, ROOM 132 STORAGE

c.m;! Site| CoreMame| Core Tested| Layerbumber| Material|  HMin| HMax|  Latiude] Longitude] Eleation| Date| Distiot|  Lone| County| Foute] O Mumlayers|  Missing]  Choice| 4. 18PCE Cirate]  Crate 23] Left Behind|
1 U3G0AYO0_3  03G0AYO0_3 4 POC 201 201 3350372 -T2ze0z3  TTé TWiSeon 3 z  GLE 5 B 5 [ u
2 UGOFYD0 2 03GOFYO0_2 s PCC 203 203 39SOVEN -TZE0S M WSRO0 3 2 GLE 5 N i 0 u
3 O3G0FYDO_3  03GOFYO0_3 4 PCC 224 224 3IETTIOS -12220d44 1962 1WI92O0D 3 z  GLE 5 ] 5 [ u
s U30SY0D 1 OB0SYDO_1 4 PCC @M N 3EETIEIT L0 269 HEH207 3 2 voL 5 N 5 1
5 U30EYOD 1 OB0EYDO_1 s PCC 213 213 38N -200M 1239 20812011 3 z ol 5 N i 0 ®
5 O30EYOD_3  O3I06VD0_3 4 PCC 220 220 336293 122508 T4 wia2on 3 z ol 5 ] 5 [ «
7 UHIEYDD S OB0EYOOS S PCC 209 209 39.37NSE 1221927 847 Wizeom 3 z ol 5 N & 0 ®
B U30SY00 1 OB0SYDO_1 4 PCC 20 20 3934216 2SS 98 Wizeom 3 z ol 5 s H [ ®
5 030301 O30T 5 PCC 195 195 38.88038¢ -1213733 673 etz 3 z  voL 5 s 3 [ «
: 10 OHOFOLZ  OHOHOLZ S PCC 213 213 35.809357 -1218%65 477 Zig20m 3 2 voL 5 s i 0 ®
) 1 D4ICVO0 2 041DV 2 5 PCC 209 209 3ESEW0Z 216493 W &S0 3 1 voL a0 [ 7 [ ®
I 12 04304Y00_1  0430dvDO_1 z  PCC 233 233 39566465 -1216224 296 302011 3 3 voL an W 4 [ «
3 12 0430AY00 2 0430AYO0_2 z  PCC 240 240 38568833 -16WS 271 ime0m 3 3 oL a0 E 3 0 ®
12 430001 0430MO0_1 1 FCC zi3 219 3OA9G693  -121326 1366 m2sizon 3 4 SAC a0 W H [ %
15 0430MYO0_1  043ONYOO_1 Bi 1 PCC 213 219 3EEINOST 213213 1341 m2geon 3 5 SAC an W 2 1
16 0440EVD0_Z  04406Y00_2 4 PCC 230 230 JEESTISE  -215M 138 20812011 3 3 SAC 5 N & 0 ®
] 04d0LYD0_1  04d0LvDO_1 5 PCC 237 237 386M0ZI -ZISTT 155 61201 3 4 SAC 5 ] g [ u
18 04503VD0_Z  0450300_2 2 PCC 203 203 30609706 12142085 423 a0 3 1 saC 51 s 4 [ u
15 O4EOSYDD1  O4EOSVDO_1 3 PCC 203 203 3E.3W0SE 213 333 44112071 3 2 ZAC E:) N 5 0 ®
: 20 O4EOBVDO_Z  04EQBVO0_2 4 PCC 211 2 38.35128  -1713564 43 atereon 3 z  SAC Es) ] 3 1
3 2 04FOZYDD_1  04FOZVDO_1 4 PCC 26 216 386338 -11B22 4253 25201 3 3 PLA a0 E 5 i «
i 2 4FONO0 2 O4FONO0 2 3 PCC 200 200 3SEVODST -T2 5143 TW4R2O0 3 3 PLA a0 W 4 0 u
23 G0SYD0_Z  04GOSYO0_2 4 PCC 203 203 3910686 -1208d72 22098 TW3I200 3 z  PLA an E 3 [ u
24 WGOSYDO_4  04GOSYO0_4 1 PCC 375 375 39297046 -TZ06813  S006  TW4IZOD 3 z  PLA a0 E 4 il W
2 WEOTYD01  04GOTVO0_1 4 PCC 27 217 GRS -ROSIE SN3E TU3R00 3 z  PLA a0 E 5 0 u
26 04GOHYO0_2  04GOHYO0_2 z  PCC 252 262 333T0956 -1200383 51956 TW4Iz00) 3 z MNEV an W 5 [ u
27 04GOHYDO_3  04GOHYO0_3 3 POC 205 206 393248 1207388 55153 TW4R2OD 3 2 MEV a0 W 5 il u
28 4GONO0T  04GOMNO0_1 3 poc dEEEENESzeETid 1206728 4924 THARZOD 3 T a0 W & 0 u
28 04GOYO0_2  04GONO0_2 4 PCC 274 224 33A9PS4 0B 1L THAIZO 3 2 APLA an W 5 [ u
: Y 4GONO0S  04G0N00 S Bl s poc oDl 190 3Egzeesio0SEd ST Tiedin 3 2 e il W H [
) A D4HDSYO0_T  04HOSYO0_1 4 PoC 208 oGS STd 1215848 A0 197 W zndizon 3 1 vdk s0 E & 0
I 32 04HDAYOO_1  0dHOSYD0_1 2 pcc 81 51 38STeampiSiensses [N 1e7 [ 2Oion 3 1 vak 50 E 3 [ u
3 EE! D4HOSYO0_3  O4HD4YO0_3 1 pcc il 9 sesenET 1218888 WA /8107 3 1 sad s0 E 3 0 ®
34 D4HOSYO0 S O4HD4YO0 S 1 poc zfll en 3e.sSoeREesiZidDld WP zndEdn 3 1 sAR Eil E 3 [ ®
35 04HDCYDO_3  04HOCYO0_3 1 PCC 203 203 3660865 1212718 1027 L :2stz0ii 3 3 saC 50 W 3 [ «
36 OGHODWDO1  04HODVO0_1 1 PCC zE 228 385TSWE  -1215599 gl snseom 3 3 oL s0 E 3 0 ®
7 OAOCYOD1  OAIOCHDO_1 z  PCC  2W 214 352645 1214687 253 m3t20N 3 4 SAC ) s 4 1
38 040OYOD_Z  OAIOCKDO_Z z  PCC 205 205 38526298 -1714685 262 aitz01 3 4 SAC Es) s 4 1
s O4IDSYD01  Odi0SvO0_1 s PCC 201 201 3940626 1213893 3E1 mime0n 3 3 SAC E:) N & 1
: a0 IS0 2 0di0SYo0_2 4 PCC 211 20 38deTe4l 1214384 247 ATH2ON 3 3 SAC ) i1 5 1
) a1 04IDSYDO_3  04iDSY00_3 2 PCC 204 204 33584331 1214546 272 &30 3 3 saC 51 ] 4 1
i a2 O4JVYDD1  04JOVYDO_1 1 PCC 305 305 3933576 1203552 BESSd TWARZOD 3 3 MNEW a0 W 2 0 u
a3 0S505v00_1  0S505vDO_1 1 PCC 27 217 3854395 -2iTETE 321 EEl 3 z  voL 113 N 3 1
a2 0S505vD0_Z  0S505v00_2 1 PCC 250 250 38586088 -1ZL7EBE 41 WiD2ON 3 z  woL 113 ] 4 [ u
a5 USSOEYDO_3  0SSOEYO0_3 1 PCC 213 213 3ESSET -TATEE 286 Wine0m 3 2 voL bl s 3 0 ®
25 0SSONOD_Z  0SS0KD0_Z 5 PCC 205 205 3670885 -1219568 484 115200 3 z voL  so5 ] 3 [ «
a7 OAGOMEDO_1  DAGOMBO0_1 1 PCC 208 206 33054422 171433 652 &30 3 z  vUB 65 s 3 i «
48 avs1 BVS1-230 2 PCC 203 207 38742931 -122.9526  26.42  6/11/2009 a 2 son 101 N 0
45 Bvs1 BVS1-4-50 1 PCC 205 207 38743206 -122.9532 26.36 £/11/2009 4 2 SON 101 N [
50 avs1 BUS16-150 1 PCC 193 204 33743501 1229537 2615  §/11/2008 a 2 son 101 N 0
) 51 avss BVS5-230 5 PCC 281 327 40885786 -122.3838 10169 6/25/2009 2 2 sHa 5 s 0
4 M Bridge Pavement ~ PCC Cores (Jan23 Inventory) Corrective Action Report Form Internal Audit Form 2 4

Figure 2.4: Inventory of pavement cores.

UCPRC-RR-2015-07



math Mountains

2015 Google
015 INEGI
ImageiLandsat
Data SIO, NOAA, U'S: Navy; N

Figure 2.5: Map showing original locations of bridge cores.
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Figure 2.6: Map showing original locations of pavement cores.

2.2 Sample Preparation

The 265 pavement cores (Figure 2.1), of which 131 had been soaked briefly in lime water for the CTE testing,
and 311 bridge cores were prepared for examination for ASR. For this investigation the petrographic consultant
advised selecting bridge cores that had a minimum length of 3 inches (75 mm), so that the required amount of
surface area for the examination on each would be available, and a preferred length of 4 inches (100 mm); this
resulted in the selection of 102 cores to process before the examination (Figure 2.2). The pavement cores had

sufficient surface area for examination because of their greater width (4 inches [102 mm]) and length.
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After the cores were inventoried and measured, they were cut for testing and examination. As shown in
Figure 2.7, the cores were cut using J-slot continuous diamond blades, which are commonly used to cut marble

and tile.
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Figure 2.7: J-slot continuous diamond blades for concrete core cutting.

All the pavement cores used for CTE testing had been cut to a length of 6 inches (152 mm), but the pavement
cores and bridge cores from the GPR study were of varying lengths. For this study, bridge cores that were equal
to or longer than 3 inches were cut vertically into two parts for the ASR visual inspection (Figure 2.8 and

Figure 2.9).

Pavement cores shorter than 6 inches (152 mm) were cut vertically, splitting them into two parts for visual
inspection for ASR. Pavement cores between 6 inches (152 mm) and 8.5 inches (22 mm) long were cut twice,
once for strength testing and once for visual inspection. First, a horizontal cut was made 4 inches (102 mm)
from the top of the core, and this 4 inch core was used for strength testing; on pavement cores that had been less
than 8.5 inches long, the remaining bottom piece of the original core (if it was not less than 2 inches long) was
then cut down the middle vertically for ASR visual inspection. On pavement cores longer than 8.5 inches
(216 mm), the bottom piece was cut horizontally again into two short cylinders not less than 2 inches (51 mm)

long; each of these was then cut vertically in half for ASR visual inspection.
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Pavement core pieces cut for strength testing were ground to ensure that the top and bottom surfaces were

parallel to each other and perpendicular to the core sides (Figure 2.10). All the bridge cores were too small for

strength testing.

Pavement CTE cores already cut to 6" tall All bridge cores more than 3" tall and pavement
GPR Cores less than 6" tall
m__
T o
A 7T
H=6" I
| n n
P — B1 182 3"<H<6
| y
" S~ - |
2 ¢ B1 1 B2 || | i
Pavement GPR cores more than 8.5" tall Pavement GPR cores between 6" and 8.5" tall
" H>8.5"
4 A N
N
------------ T 4" A 65 < H<g
[ AN - I P . n < < n
e arey
B2 | o | |
RIZ NSt § 1
______ \\\‘-l'—'"’//
__C1:C2 v B1 | B2
S~ — e

Notes:
e  Pavement CTE cores were 6 inches tall exactly, cut for previous testing.

e  Bridge cores and pavement cores from the GPR study were separated by height to determine how to cut
them: between 3 and 6 inches, between 6 and 8.5 inches, and greater than 8.5 inches.

Figure 2.8: Cutting plan for pavement cores.
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Figure 2.10: Concrete pavement cores after cutting and leveling for strength testing.
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3. VISUAL INSPECTION AND ASSESSMENT OF CORES

3.1 Overview

In Task 2 of this study, the cores inventoried and prepared for Task 1 were next examined visually and assessed
for traces of ASR or ASR-related distress. Photos were taken and scans were made of the cut surfaces of the
cores. The task of ASR visual inspection was contracted out to a primary petrographer (Jon Asselanis of Applied
Materials Engineering Inc., Oakland, California) and a secondary petrographer (Derek Cong of WJE Associates
Inc., Austin, Texas), both of whom the Caltrans steering committee had selected for this project based on their

qualifications and their unit prices for the inspection.

A total of 259 pavement core samples (multiple pieces for most pavement cores) and 80 bridge core samples

(Figure 3.1) were visually inspected by the primary petrographer.
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3.2 Damage Rating Index Method

A descriptive rating method for ASR using the Damage Rating Index (DRI) for Concrete following
ASTM C856-14 (Standard Practice for the Petrographic Examination of Hardened Concrete) and
ASTM (C294-12 (Standard Descriptive Nomenclature for Constituents of Concrete Aggregates) was used for the
visual inspection of the cut surfaces that were scanned. The method also considers work documented in FHWA
reports (References /, 2, and 3). Figure 3.2 shows an example DRI rating sheet, and Figure 3.3 and Figure 3.4
show examples of the scans of cut faces of cores used for the petrographic examination. The detailed steps for

this DRI method for ASR visual inspection are presented in the appendix.

The following values were used as criteria for the extent of ASR found:
e DRI=0,NoASR
e DRI <500, ASR very unlikely
e 500 <DRI< 1,000, ASR not likely
e 1,000 <DRI < 2,000, ASR possible
e DRI> 2,000, ASR probable
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Sample Identification Sample 111 Sample 112

Petrographic Feature Weighing Factor || Feature | Weighed | Feature | Weighed
Coarse aggregate with cracks 0.25 0 0 0 0
Coarse aggregate with cracks and gel 2.00 0 0 0 0
Coarse aggregate debonded 3.00 0 0 0 0
Reaction rims around aggregate 0.50 0 0 9 4.5
Cement paste with cracks 2.00 0 0 0 0
Cement paste with cracks and gel 4.00 0 0 0 0
Air voids lined or filled with gel 0.50 0 0 0 0
Sum 0 0 9 4.5
Area (cm?) 76.3 112.7
Normalized area (cm?) 0.76 1.13

Damage Rating Index (DRI) 0 399
Area Calculations

Length (in.) 2.81 4.16
Width (in.) 4.21 4.20
Area (in.?) 11.8 17.5
Area (cm?) 76.3 112.7

Figure 3.2: Example of the Damage Rating Index (DRI) worksheet.
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Figure 3.3: Example scans of the cut surfaces of three pavement cores.
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Figure 3.4: Example scans of the cut surfaces of three bridge cores.
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33 Results of Visual Inspection of Pavement Cores

The cores used for the peterographic examinations were reviewed by the steering committee, and the
petrographic examination process was explained by the petrographer at a meeting held at the UCPRC Richmond
laboratory on June 19, 2015 (Figure 3.5).

Almost none of the pavement core samples presented any ASR issue, as defined by the Damage Rating Index;
that is, none of the core samples had a DRI value greater than 2,000. Consequently, the UCPRC was directed to
not send selected cores to the secondary petrographer for cross-checking of the results at this time, but it was
agreed that this decision would be revisited after it was determined whether or not additional cores could be

obtained from structures or pavements suspected of having ASR.

Figure 3.5: Project steering committee meeting on visual inspection at the UC Berkeley Richmond Field Station on
June 19, 2015.

The results of the visual inspection for pavement cores using the DRI method are presented in Figure 3.6
through Figure 3.8, organized respectively by core number, frequency of DRI result, and DRI cumulative
distribution. Most of the pavement cores inspected showed DRI numbers less than 1,000 (ASR not likely
according to the criteria shown in Section 3.2), with a DRI around 200 being the approximate median, as can be
seen in Figure 3.8. A few cores had DRI values between 1,000 and 2,000 (ASR possible) but, as noted, none of
the pavement cores inspected showed DRI results larger than 2,000 (ASR probable).
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Figure 3.6: DRI of pavement cores, by core number.
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Figure 3.7: DRI of pavement cores, frequency chart.
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Figure 3.8: DRI of pavement cores, cumulative distribution chart.

34 Results of Visual Inspection of Bridge Cores

The results of visual inspection for the bridge cores using the DRI method are presented in Figure 3.9 through
Figure 3.11, organized respectively by core number, frequency of DRI result, and DRI cumulative distribution.
As with the pavement cores, most of the bridge cores inspected had DRI results less than 1,000 (ASR not likely,
according to the established criteria), and the median DRI result was approximately 500, as shown in
Figure 3.11. Very few of the bridge cores had DRI results between 1,000 and 2,000 (ASR possible), and none of
them had DRI results greater than 2,000 (ASR probable).
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Figure 3.9: DRI of bridge cores, by core number.
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Figure 3.10: DRI of bridge cores, frequency chart.
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Histogram, DRI, Bridge Cores
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Figure 3.11: DRI of bridge cores, cumulative distribution chart.

3.5 Comparison of Bridge Core DRI and Year of Construction

The year of construction of each of the bridge cores was compared with the Damage Rating Index for each of
the 259 cores for which a construction year was found in the bridge logs, as shown in Figure 3.12. The data
indicate that there is almost no trend between the ages of the cores, which ranged from 17 to 69 years old at time
of visual inspection, and DRI. This should have been sufficient time for even the youngest cores to begin to

manifest ASR if the reaction was occurring.
There were 26 cores taken from bridges built after 1995, approximately the time when changes in specifications

to reduce the risk of ASR were implemented. There was no apparent difference in DRI values for bridges built

before and after 1995.
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Figure 3.12: Damage Rating Index versus year of construction for bridge cores.
3.6 Guidelines for Visual Inspection

One result of performing this visual inspection procedure was the creation of a draft guideline for evaluating
concrete pavement cores for evidence of ASR and ASR-related distresses for future use by Caltrans staff to
determine the need for further, more detailed examinations. A draft version of this guideline, which includes
both a step-by-step description of the inspection process and the selection criteria required to conduct further
detailed examinations, as well as sample photographs showing gradations of ASR distress, appears in the

appendix.
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4. COMPRESSIVE STRENGTH TESTING OF PAVEMENT CORES

4.1 Overview

In Task 3 of this project, 206 of the pavement cores were subjected to compressive strength testing (Figure 4.1)
following ASTM C39/C39M-14a (Standard Test Method for Compressive Strength of Cylindrical Concrete
Specimens) to help assess the condition of the concrete. Low strength due to microcracking is a potential
indicator of ASR damage. The density of the pavement cores used for strength testing was also measured
following ASTM C642-13 (Standard Test Method for Density, Absorption, and Voids in Hardened Concrete) to
help determine whether any low strength values were attributable to low-density aggregate or high voids
contents. The compressive strengths were also compared with those expected for concrete pavement strength

based on data provided by the Caltrans Office of Structural Materials.

Figure 4.1: Pavement cores and strength testing.

The spreadsheet database created for this current project was also updated with results from the DRI, strength,

and density testing.
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4.2 Compressive

The length-to-diameter ratio (LDR) of the pavement cores in ASTM C39/C39M was used to adjust the strength
values from cores of different lengths in order to produce approximately comparable values. The LDR values
are presented in Figure 4.2. Most of the LDR values for the pavement cores ranged from 1.0 to 1.2, smaller than
the standard LDR of 2.0. The correction factor curve of LDR for the pavement cores is shown in Figure 4.3,
using a four-step linear interpretation from the LDR correction factor given in ASTM C39/C39M. The density

of the pavement cores for strength testing was measured using the total air mass and the total volume of each

core.

Strength Testing Method
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Figure 4.2: Frequency of length-to-diameter ratio (LDR) of pavement cores.
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Figure 4.3: Length-to-diameter ratio (LDR) correction factor.
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4.3 Results of Compressive Strength Testing

The LDR corrected unconfined compressive strengths (UCS) of the pavement cores are presented in Figure 4.4
and Figure 4.5, plotted by core number and grouped into a histogram, respectively. Most of the pavement cores
tested had UCS results less than 8,700 psi (60 MPa) while a small number had results between 8,700 and
11,600 psi (60 MPa and 80 MPa). None of the pavement cores tested had UCS results greater than 11,600 psi.
The median UCS result was approximately 6,090 psi (42 MPa). These results were considered to be within the

range of long-term strengths expected of PCC pavements by experienced Caltrans materials engineers.
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Figure 4.4: Corrected unconfined compressive strength of pavement cores, organized by core number.
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Histogram, Pavement Core UCS, MPa
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Figure 4.5: Corrected unconfined compressive strength of pavement cores, histogram chart (metric and US units).
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4.4 Results of Density Measurements

The densities (air mass/volume) of the pavement cores tested are presented in Figure 4.6 with histogram plots.
Most of the pavement cores tested had densities less than 156 pcf (2,500 kg/m®) and the median UCS result was
approximately 147 pcf (2,350 kg/m?®). Density is primarily controlled by the density of the aggregates used in the
concrete. These results were considered to be within the range of densities expected of PCC pavements by

experienced Caltrans materials engineers.
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Figure 4.6: Density of pavement cores, histogram chart (metric and US units).
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4.5 Compressive Strength versus Density
Comparison of the results of the UCS and density tests for the pavement cores are presented in Figure 4.7. It can
be seen that there is no significant correlation between the UCS values and densities of the pavement cores

tested, although the UCS strengths generally increase with the density.
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Figure 4.7: Strength versus density of pavement cores (metric and US units).
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S. SUMMARY, CONCLUSIONS, AND RECOMMENDED NEXT TASKS

5.1 Summary

This report summarizes the creation of an inventory for cores taken from bridges and pavements as part of
previous projects, the results of visual inspection and strength testing to identify the potential presence of ASR,
and the development of a draft approach for Caltrans staff to evaluate the potential for ASR in bridges and
pavements. A spreadsheet database was prepared for storing inventory data for 265 pavement cores and 311
bridge cores. Most of the bridge cores were from the San Francisco Bay Area while the pavement cores were
collected from across the state. Visual inspection was performed on 259 of the pavement cores (including
multiple specimens cut from some of the pavement cores) and 80 bridge cores (those with lengths greater than

3 inches) using the Damage Rating Index (DRI) method.

A draft guideline for investigation of ASR for future use by Caltrans staff was prepared using the DRI method
adopted for this project.

Unconfined compressive strength (UCS) and density tests were performed on portions of 206 cores. The density
and strength test results were compared to see if there was a correlation, and the results were also compared with

values expected by experienced Caltrans materials engineers.

The second objective, to evaluate the effects on ASR of specification changes that occurred around 1995, could
not be completed because of the very low detection of ASR in all of the cores examined, regardless of whether

they were constructed before or after 1995.

5.2 Conclusions
Among the results from the testing were the following:
e Most of the pavement cores inspected showed Damage Rating Index (DRI) for Concrete values of less
than 1,000 (ASR not likely, according to the criteria shown in Section 3.2), with a DRI value of roughly
200 being the approximate median. A few cores had DRI results between 1,000 and 2,000 (ASR
possible). None of the pavement cores inspected showed DRI results larger than 2,000 (ASR probable).
e Most of the bridge cores inspected had DRI results less than 1,000 (ASR not likely, according to the
criteria listed previously), and the median DRI result was approximately 500. Very few of the bridge
cores had DRI results between 1,000 and 2,000 (ASR possible), and none of them had DRI results
greater than 2,000 (ASR probable).
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5.3

As-built data for the bridge cores were obtained for 259 of the 311 bridge cores. All of the cores came
from bridges that were built before the year 2000. Comparison with the year of construction and the
DRI data showed almost no trend between the age of the cores and DRI, with bridge ages ranging from
17 to 69 years old at time of visual inspection. Even the youngest cores should have had enough time to
begin to manifest ASR if the reaction was occurring. There was no apparent difference in DRI values
for the 46 cores taken from bridges built after 1995, when changes to specifications were made,
compared with bridges built before 1995.

Approximately 90 percent of the unconfined compressive strength (UCS) results were between 4,400
and 8,800 psi (30 and 61 MPa) and the median value was approximately 6,090 psi (42 MPa). These
results were considered to be within the range of long-term strengths expected of PCC pavements by
experienced Caltrans materials engineers.

Approximately 90 percent of the density results were between 140 and 155 pef (2,243 and 2,483 kg/m?)
and the median value was approximately 147 pcf (2,350 kg/m?). These results were considered to be
within the range of densities expected of PCC pavements by experienced Caltrans materials engineers.
There was no significant correlation found between the UCS and density of the pavement cores tested,
although UCS strength generally increased with density.

A draft guideline was developed for the visual inspection of concrete cores to identify signs of potential
ASR-related distresses; this guideline can to be used in the future by Caltrans staff to determine the need
for further, more detailed examinations. The guideline describes step-by-step inspection procedures and
selection criteria for further detailed examinations, and uses photographic examples that show different
severity levels of potential ASR distresses.

An integrated spreadsheet database was prepared for storing all relevant data for all cores, including test

results from all tasks (DRI, UCS, and density).

Next Steps

Based on the results of the study, which showed very low detection of ASR, it is recommended that no further

work be performed on this project, except that Caltrans may choose to select a few locations suspected of having

ASR for sampling and evaluation.

34
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APPENDIX

A. Draft Test Procedures for Screening And Examining Concrete Core

Samples for Alkali-Silica Reactivity

Procedures for ASR Visual Inspection, Draft

The following test methods shall be used:

e ASTM (856, “Standard Practice for the Petrographic Examination of Hardened Concrete,” including
descriptive rating of Alkali-Silica Reactivity (ASR) using the Damage Rating Index for Concrete (DRI)

o ASTM C294, “Standard Descriptive Nomenclature for Concrete Aggregates”

The procedures used for screening and examining concrete for alkali-silica reactivity (ASR) are as follows:

Field Survey and Taking and Processing of Cores

In the field, the concrete structure or structures suspected of having alkali-silica reactivity (ASR) should be
surveyed to determine the extent of the potential damage. Surveys should include photographic documentation
of the structures and any deleterious features, such as cracking, efflorescence, and exudations. Surveys should
also include layouts of the steel reinforcement and detailed mapping of the crack pattern. Concrete cores should
be photographed in the field, examined for unusual features, cataloged, and categorized. An example of the
procedures and decision-making criteria for the petrographic examination and Damage Index Rating is shown in

Figure A.1.

Three cores with a diameter of 4 inches, or with a minimum diameter of 3 inches if 4 inches is too large, should
be taken from the structure showing possible ASR cracking and sent to a laboratory for visual examination. This
examination should be conducted on whole (uncut) cores, saw-cut longitudinally, with overlapping cross-
sectional slices. Also, any loose or water-soluble materials, either from the field before coring or from the cores
delivered to the lab, should be taken to the lab and held for later analysis. All samples (cores and other
materials) should be photographed and logged when delivered to the laboratory.

Measuring Damage Rating Index

The lapped slice faces should be measured to determine the area of examination and the area of the face should
be visually examined to determine the number of physical features typically associated with ASR. These
features include coarse aggregate with cracks, coarse aggregate with cracks filled with gel, debonded coarse

aggregate, aggregate with reaction rims, cement (cementitious) paste with cracks, paste with cracks filled with

36 UCPRC-RR-2015-07



gel, and voids lined or filled with gel. Each feature should be given a weighing factor based on its association to
ASR. Photos in Figure A.2 show some of the common petrographic features of ASR. The weighted features
should summed and normalized to the area examined, which will give a Damage Rating Index (DRI) value for
the core slice. Additional information should be gathered regarding the presence of reacted aggregate (but not
showing signs of distress), the presence of secondary mineral deposits other than ASR gel, and the physical

characteristics of the concrete, such as consolidation and segregation.

Cores with DRI values greater than 1,500 should be separated and prepared for further examination utilizing
polarized light microscopy (PLM) techniques, including thin-section analysis, powder grain mount analysis, and
stereoscopic examinations (reflected light) at high magnifications. Analysis of accessory materials, including
efflorescence, exudations, loose aggregate and loose altered paste and mortar include thin-section analysis of
vacuum-impregnated, epoxy-mounted samples, X-Ray Diffraction (XRD) analysis, Fourier Transform Infrared
Spectroscopy (FTIR), and Scanning Electron Microscopy with Energy Dispersive X-ray Spectroscopy
(SEM/EDX).

The following is an outline of the screening and examining procedures, including specialized or recommended

equipment necessary to perform the tasks (accessory equipment and consumables are included):

1) Sampling from Structure

a. Photodocumentation and identification of structure

Location of steel reinforcement, structure geometry, crack pattern
i. Equipment
1. Digital camera

2. Tape measure, measuring wheel, or other distance measuring devices

b. Collection of accessory materials

Identification of ASR reaction products

i. Equipment

1. Collection containers

2. Picks, brushes, and various collection handtools

3. Digital camera
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c. Core drilling
Recovery of concrete core samples
i. Equipment
1. Coringrig
2. Diamond-bonded coring drill bits (preferred sizes are 3 inch and 4 inch diameter)

3. Gas-powered electrical generator

2) Examination of Concrete Core Longitudinal Cross-Sections

a. Photodocumentation and logging of core samples

Correlation of core samples to location within structure(s)
i. Equipment
1. Digital camera

2. Photomacrographic scales or rulers

b. Collection of accessory materials (loose materials, mineral or mineraloid deposits, or water-

soluble deposits of question)

Identification of ASR reaction products
i. Equipment
1. Dental picks

2. Collection containers

c. Longitudinal cross sections with smooth cut and lapped surfaces

Determination of DRI
i. Equipment
1. Water-cooled concrete saw with continuous-rim diamond-bonded saw blade
(minimum 14" diameter blade)
2. Trim saw or tile saw
3. Polishing/lapping wheel (capable of lapping 4 inch by 6 inch cross section with
either loose grit or diamond-bonded pads)

d. Examination of lapped cross sections at low magnification

Determination of DRI

i. Equipment
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1. Variable zoom stereoscope with magnifications from 5x to at least 50x
2. Hand-held or table-mounted magnifiers (typically 2x to 10x magnification)
3. Hardness testing kit (Mohs hardness or standardized hardness picks)

e. Measurement of cross-sections

Determination of DRI

i. Equipment

1. Calibrated digital micrometer or scales

f. Photodocumentation

Correlation of concrete core DRI to location within structure
i. Equipment
1. Flat-bed scanner or digital camera

2. Photomacrographic scale or ruler

g. Sum of physical features common to ASR

DRI Report (see Figure A.1)

i. Equipment
1. Damage Rating Index (DRI) worksheet with weighing factors (Excel
spreadsheet)
REFERENCES
1) FHWA-HIF-09-004. Fournier, B., M.A. Berube, and K.J. Folliard. Report on the Diagnosis, Prognosis,
and Mitigation of Alkali-Silica Reaction (ASR) in Transportation Structures, Federal Highway
Administration (FHWA), January 2010.

2) FHWA-HIF-09-001. Thomas, M.D.A., B. Fournier, and K.J. Folliard. Report on Determining the
Reactivity of Concrete Aggregates and Selecting Appropriate Measures for Preventing Deleterious

Expansion in New Concrete Construction, Federal Highway Administration (FHWA), April 2008.
3) FHWA-RD-01-164. Van Dam, T.J., L.L. Sutter, K.D. Smith, M.J. Wade, and, K.R. Peterson. Guidelines

for Detection, Analysis, and Treatment of Materials-related Distress in Concrete Pavements — Volume

2: Appendix B: Laboratory Methods, Federal Highway Administration (FHWA), August 2002.
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Sample Identification Sample 1 Sample 2
Weighing

Petrographic Feature Factor Feature | Weighed | Feature | Weighed
Coarse aggregate with cracks 0.25 0 0 0 0
Coarse aggregate with cracks and gel 2.00 0 0 0 0
Coarse aggregate debonded 3.00 0 0 0 0
Reaction rims around aggregate 0.50 0 0 9 4.5
Cement paste with cracks 2.00 0 0 0 0
Cement paste with cracks and gel 4.00 0 0 0 0
Air voids lined or filled with gel 0.50 0 0 0 0
Sum 0 0 9 4.5
Area (cm?) 76.3 112.7
Normalized Area (cm?) 0.76 1.13

Damage Rating Index (DRI) 0 399
Area Calculations

Length (in.) 2.81 4.16
Width (in.) 4.21 4.20
Area (in.?) 11.8 17.5
Area (cm?) 76.3 112.7

The criteria used for ASR for this study were:
e DRI=0,No ASR;
e DRI <500, ASR very unlikely;
e 500 <DRI <1000, ASR not likely;
e 1000 < DRI <2000, ASR possible;
e DRI>2000, ASR probable.

Figure A.1: Example of the procedures and decision making criteria for the petrographic examination and Damage
Index Rating.
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Figure A.2: Example photos showing some of the common petrographic features of ASR.
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Figure A.2: Example photos showing some of the common petrographic features of ASR (cont’d).
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Figure A.2. Example photos showing some of the common petrographic features of ASR (cont’d).
(Some of the photos are from the reference: Thomas, M.D.A., B. Fournier, and K.J. Folliard. Alkali-aggregate
Reactivity (AAR) Facts Book. No. FHWA-HIF-13-019. 2013.)
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