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ABSTRACT

The maijor objective of this research project was fo investigate the
chemistry and morphology of portland cement concrete pavements in
lowa. The integrity of the various pavements was evaluated qualitatively,
based on the presence or absence of microcracks, the presence or
absence of sulfate minerals, and the presence or absence of alkali-silica

gells).

Maijor equipment delays and subseqguent eguipment replacements
resulted in significant delays over the course of this research project.
However, all these details were resolved and the equipment is cumrently in
place and fully operational. The equipment that was purchased for this
project included: (1} a LECO VP 50, 1Z-inch diameter, variable speed
grinder/polisher; (2) a Hitachi $-2460N variable pressure scanning efectron
microscope; and (3} a OXFORD Instruments Link ISIS microanalysis system
with a GEM {high-purity germanium} X-ray detector.

This study has indicated that many of the concrete pavements
contained evidence of mulliple deterioration mechanisms; and hence,
the identification of a single reason for the distress that was observed in
any given pavement typicaily had to be based on opinion rather than
empirical evidence.



INTRODUCTION

Concrete is typically a very durable building material. However, there are
a few instances where special precautions must be faken fo ensure that it does
not exhibit premature deterioration. For instance, when concrete is exposed to
cyclical freezing and thawing it is normally desirable fo use an dir-entraining
admixture to increase the durability of the mortar fraction of the concrete. Also,
when concrete is to be exposed {0 soluble salts {sulfates, alkalis, etc.) it is wise to
use a mix design that produces a concrete with a very low permeability (i.e., low
water/cement ratio), high cement content (using the [::>rc>.pezr ASTM cement
type), and one that incorporates aggregates that are not prone o alkal-
induced expansion. However, the deterioration of concrete is still a fact of life.
Any composite material like concrete can fail because of a wide variety of
different circumstances. The key to understanding and avoiding future
occurrences of similar failures is to be able to identify the true cause of the
problem, whether it is related to design parameters, constituent materials or
construction processes.

This report summarizes the research activities conducted on lowa
Department of Transportation Project HR-358. The objective of this research
project was to investigate the chemistry and morphology of core specimens
that were taken from portland cement concrete pavements throughout lowa.
The pavements that weré cored exhibited a wide range of field performance;
and hence, have helped to contrast how microstructure reiates to the observed
performance of field concrete. The goal of the project was fo enhance the
ability of engineers to diagnose the reason(s) for materials related {ailures in

concrete pavement systems,

Background
Recent field observations of deteriorating concrete pavements in Wisconsin,

Minnesota, Nebraska and lowa have indicated that several different forms of



chemical and/or physical attack may have been involved in the degradation
process [1, 2, 3, 4]. The major deterioration mechanisms that have been
identified were alkali-aggregate (silicate) reaction {ASR), delayed ettingite
formation (DEF), and freeze-thaw damage. [t is pertinent to point out that mixed
mode failure [i.e., ASR or DEF coupled with freeze-thaw attack) are quite
probable in pavement concrete due to the severe exposure conditions. Each
mode of deterioration produces microcracks that grow as the degradation
‘proceeds. Only a briet description of these degradation mechanisms will be
discussed here because both the macroscopic and microscopic perspectives
have been addressed in previous reports [5, 6].

Alkali-aggregate reactions occur because some types of aggregates
react with the alkaline pore solution in concrete to produce a gel. The gel tends
to imbibe water and expand. The expansion, which typically occurs within the
aggregate particle, eventually causes cracking in the surrounding pasie. The
kinetics of the process {i.e., the fime required for the onset of deterioration) are
very complicated and researchers are still working to find reliable correlations
between laboratory testing and actual field performance. However, many of
the aggregates that exhibit sensitivity to alkalis have been (or are currentiy
being) cataloged [7, 8].

Cracking of portland cement based materials due to delayed ettringite
formation (DEF) is considerably less well defined than alkali-aggregate reactivity
[?]. In fact, some researchers still insist that such a phenomenon cannot occur in
concretes subjected to normal curing (for a literature survey on this topic please
refer to reference 9). The cracking is typically observed several years after
construction is completed. This process is different from normal (external) sulfate
attack because the exiernal source of sulfates is not required. The chemical
product evident in both cases is the same, namely ettringite (although gypsum

may aiso form in some situations).
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Weathering (freezing and thawing) often plays a. major role in the
deterioration of concrete pavements. This is due to the severe exposure
conditions {i.e., continuous wetlting and drying coupled with large femperature
fluctuations), plus the routine application of deicing salts. Freeze-thaw durability
failure (i.e., cracking) can occur in the moriar phase of the concrete or in the
coarse aggregate fraction of the concrete. The durability of the mortar can be
improved by entraining air voids in the concrefe. Likewise, selective quarrying
and proper materials specifications {based on service record) generally help fo
avoid coarse aggregate durability failures.

There are several other processes that may cause cracking in portland
ce_men? based prdducfs. "The interested reader should refer to [8] for a general
overview of these processes and a description of the cracking paiterns that may
be observed in field investigations. However, the point of the previous discussion
is that the various deterioration mechanisms produce different distortions in the
concrete specimens., Johansen, Thaulow and Sklany [10], list the following
possibilities for the expansion of concrete in the field:

1. Both cement paste and aggregate expand.

2. Cement paste expands, aggregate does not expand.
3. Aggregate expands, cement paste does not expand.

These idealized expansion processes are iliustrated in Figure 1. Keep in mind,
that cracking typically occurs when the expansion pressure exceeds the fensile
strength of the constituent.

ASR produces expansion in reactive aggregate particles {see possibility 3
above and Fig. 1d). The expansion eventually causes cracking. Deleterious
expansion cccurs when these cracks propagate through the cement paste.
Note, that often the paste-aggregate interface wilt remain intact during alkali-
induced deterioration because the cement paste does not expand. Hence,
ASR induced deterioration includes cracked aggregates, cracks extending from

aggregates into the paste, and gel material.



la - Idealized concrete in

its initial state.

b - Cement paste expands,
aggregate expands.

lc - Cement paste expands,
aggregate does not.

1d - Aggregate expands,

cement paste does not.
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Figure 1. ldealization of expansion mechanisms in field concrete.



Secondary ettringite formation {or, also, external sulfate attack} occurs in
the paste fraction of concrete; and hence, causes the paste to expand. This
process is illustrated in Figure 1c (thinking in terms of cylindrical or §ph@rico!
coordinates, rather than fhe Cartesian coordinates depicted in the figure,
greatly simplifies the idealization process). Note that since the aggregate does
not expand there may be a noticeable gap between the aggregate and the
cement paste. |

Frost damage is more complicated because it can occur in the colc:rse
aggregate, the cement paste, or both; and it depends on whether a constituent
reaches critical saturation (about 90% saturated, give or iake a few percent).
Freeze-thaw attack in the coarse aggregate (durability cracking or d-cracking)
creates the situation depicted in Fig. 1d. Freeze-thaw attack in the paste
fraction of the concreie creates the situation depicted in Fig. 1¢. Obviously, the
use of poor coarse aggregate and poor air entrainment in concrete could lead
to expansion in both the aggregate and the paste (see Fig. Tb).

It is imporfant to understand the concepts illustrated in Figure 1 because
they describe the fabric (morphology) that should be observed in specimens of
concrete obtained from the field. These observations of fabric, coupled with
information about the chemical composition, essentially lead to petrographic
examination as defined by Katharine Mather [11].

For the purpose of this report several terms will be used rather loosely. The
terms macrocracks and microcracks need some explanation because they will
not be used in a quantitative sense in this report. Instead, macrocracks refer o
cracks that are visible to the eye or at very low (2X}) magnification. Microcracks
refer to cracks that require a microscope for observation. Also, the terms
eitringite and sulfate-bearing material will often be used interchangeably, and
the term eftringite will denote a mineral group (i.e., similar crysfal structures but
with varying chemical composition, as is often observed in real systems;

however, the deviations from the pure endmember appear small in this sfudy).



RESEARCH APPROACH

Petrographic methods were the major analytical methods that were
chosen to investigate the characteristics of the concrete core specimens that
were obtained for this study. These techniques generally produce information
that helps to identify the distress mechanisms(s} present in concrete materials [8,
11,12, 13, 14].

The core samples were cut info sections {see Fig. 2} to produce specimens
for analysis. Normally, the sections denoted as B and C were used in this study
so that information pertaining to the fop and bottom of the pavement slab
could be obtained. However, all of the sections were inspected (the
longitudinal sections were particularly informative) over the course of this
investigation. Also, some to the core specimens (see |A 25 and US 169 described
later in this report} were in such a deteriorated state that the sectioning using the

normal techniques was impossible.

L (used for other studies)

TOP

used for SEM studies

Figure 2. Hustration depicting the sectioning of the core specimens.
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Typically, the investigation began with o quick visual inspection of the
core specimen using the naked eye or a low-power (2X) magnifying lens. This
was followed by a more detalled investigation using conventional light
microscopy and scanning electron microscopy. The scanning electron
microscope (SEM) featured the ability to operate at variable pressures (to
minimize specimen cracking that normaily occurs in high-vacuum systems) and
it was equipped with an energy dispersive X-ray analyzer. The specific g:le?oils

pertaining to these procedures will be described in more detail below.

Cores Available for Analysis
Core specimens were drilled from a variety of different portland cement

~ concrete pavemenis across lowa. The core samples were faken by lowa
Depariment of Transportation {IDOT} personnel and then transporfed to the
Materials Analysis and Research Laboratory {MARL) at lowa State University, for
specimen preparation and analysis. Core logs are listed in Appendix A.

The various pavement cores were assigned priority numbers, ranging from
1 through 6, at a subseguent meeting with IDOT engineers and geologists (see
Table 1). Priority numbers were assigned to indicate the order that the samples

should be analyzed [highest priority = 1, lowest priority =é).

Table 1. Summary of cores taken for this project.

Priority Number Description Number of
Cores

] Cores from the Materials Qudiity Task Force 6 cores
study af the lowa DOT 2 beams

2 US 520 in Webster County 12

3 I-35 in Story County 8

4 [-80 in Dallas County 4

5 Bettendorf street in Scott County 4

6 Assorted cores from Louisa, Madison, 25
Hamilion, Union and Buchanan Counties




Other Samples for Analysis
A wide variety of mortar bar specimens and several concrete beam

specimens were also available for analysis. Al of the morfars and concretes
were taken from a chemical durability research project that had recenily been
completed [6]. Hence, all of the mortars and concretes were proportioned,
mixed and cured in a laboratory environment. All of these samples had been
exposed to very severe envircnments which should have accelerated the alkali
silica reaction or sulfate deterioration processes. Also, the various test specimens
had been monitored for various physical properties (i.e.. length change, etc.) as
a function of exposure time. These specimens were selected because they
would aliow a more quantitative evaluation of the level of deterioration thaf is
present in the moriar fraction of the specimens. However, due to the many
procurement and equipment related delays that plagued this project, most of
these specimens still need to be analyzed, Unfortunately, all of the concrete
specimens were inadvertently discarded and will not be available for fg%ure
studies

Equipment
A Hitachi S-2460N, variable pressure SEM was used for this project. This SEM

was selected because it would accept large specimens {up o é-inches in
diameter) and had a stage movement capable of traversing a four inch
specimen, The SEM can be operated at pressures ranging from 0.01 to 2 Torr {1
to 270 pascals), in the variable pressure mode. The "variable pressure” mode
(also referred to as ‘“low-vacuum™) allows researchers to analyze difficult
specimens, like concrete or portiand cemeni mortars, in their natural state,
without the tediocus sample preparation technigues that are normally mandatory
for conventional scanning electron microscopes [14, 15, 16]. The scanning
electron microscope was equipped with a Robinson backscattered electron
detector and an Oxford Instruments GEM energy dispersive X-ray detector. The

GEM X-ray de’r@c’ror hos a higher resolution than most typical X-ray detectors



(111 eV in best resolution mode, measured at our laboratory, for Mn K, radiation;

as compared to about 140 to 150 eV for most conventional Si{li} detectors). The
detector was generally operated in opfimum acquisition rate mode. This
caused the resolution to drop to about 133 eV but dllowed X-ray spectrums and
maps to be obtained relatively quickly since they could be acquired at a rate of
10,000 counts per second (about 20 to 25 percent deadtime).

A LECO variable speed grinder/polisher (model VP-50) was used to
prepare the core specimens for detailed microscopic investigation.  The
grinder/polisher was equipped with a 12-inch diameter brass wheel. Fixed grit
silicon carbide paper was used throughout the study.

Several different microscopes were used for the light microscopy phase of
this study. Thin sections were viewed with an Olympus BH-2 transmitted light
microscope or a Unitron polarizing microscope. Buik or polished specimens
were viewed in reflected light with an Olympus BH reflected light microscope or
an Olympus SZH stereo microscope. |

A Buehler LAPRO slab saw {18 inch model) was used 1o cut the cores into
pieces for analysis. The saw was equipped with an 18-inch diameter notched-
rim diamond blade. Propylene glycol (reagent grade from Fisher Scientific
Company) was used as the lubricant/coolant for the blade during the cutting
process. ‘

A TA-Instruments differential scanning calorimeter (DSC, Model 2910) was
used 1o analyze portions of the paste that were exiracted from some of the core
specimens. A typical experiment was conducted on a 10 miligram specimen
that was heated from 25°C 1o about 550°C using a heating rate of 10 degrees
per minute. All specimens were sealed in aluminum specimen containers prior
to analysis. A pinhole was punched Thfough the top of the specimen container
prior to analysis. Nitfrogen was purged through the system to avoid oxidation of

the DSC cell.



10

A Siemens D-500 X-ray diffractometer was used to analyze portions of the
paste that were -exiracted from some of the core specimens. A typical
experiment used a copper X-ray tube (excitation conditions: 50kV and 27 mA)
and a diffracted beam monochromater. Specimens were front-loaded into a
siicon sample holder for analysis. Scanning rates were generally below 0.5
degrees per minute due to the very poor crystalline nature of the hydrates

commonly observed in portiand cement pasies.

Shale Counis
Prior investigators had indicated that shale particles were a major factor in

the premature deterioration of some of the concrete included in this study [2].
Hence, the shale content of selected cores was estimated by counting shale
particles on the interior surfaces of the core specimens using a low power
magnifying glass.  The ‘total area that was inspected for shale particles
amounted to about 170 square inches (i.e., all the sawn faces shown in Fig. 2).
Total number of shale particles, maximum size and distance from the top of the

core (in 1-inch increments), are tabulated in Appendix B.

SAMPLE PREPARATION

Sample preparation for the low-vacuum scanning electron microscope
used in this study, is considerably simpler than the technigues that are
commonly employed for conventional scanning electron microscopes because
there is no need to coat the sample with a conductive fiim. Several different
sample preparation methods have been used during different stages of this
project. They included fractured surfaces, sawn surfaces, ground and polished
surfaces and thin sections. Examples of each different sample preparation

technigue will be illusirated c}nd.discussed in detail later in this report.
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Procedure Used for Specimen Preparation

The method that was most commonly employed in this prbjecf consisted
of: (1} sawing off a section of the concrete; (2} rinsing off the propylene glycol;
{3} grinding the sample surface flat by using fixed grit paper {grit sizes listed in
Table 2. water used as a lubricant); and (4} cleaning the surface of the sample
with petroleum ether (Skelly B} or oce?one.’fo remove any residual debris from
the final grinding/polishing step. This sample preparation method is similar to the
method that is commonly used to prepare specimens for air void analysis by
standard ASTM procedures [7]. |

Table 2. Grinding and polishing procedure for the concreie cores.

Step Current method ASTM C 457 (see [7])
grit size (micron equiv.) grit size [(micron equiv.)
1 180 (70um) 100 (150pm) optiondl
2 320 {30um) 220 (75um)
3 400 {17um) 320 {35um)
4 800 {12um) 600 (17.5pum)
5 1200 {2 to S5um) 800 {12.5um}
é optional optional
lum diamond paste Sum Alumina

SEM INVESTIGATION PROCEDURES

Bgsics
As mentioned above, two types of information have been collected in this

project. First, the macroscopic and microscopic features from each core have
been collected by means of pictures. And secondly, the chemistry of the core
specimens has been investigated by coliecting digital X-ray maps of various
feaiures thal were observed in the pictures. QObviously, as the fitle of this
research project suggests, the regions of interest will normally contain cracks.

The basic details pertinent to the collection process are illustrated in Figure 3. Itis
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important to note that the imaging process employed two entirely separate
detectors. The pictures were generated from a backscattered eleciron
detector that was located diz’ecﬂy above the specimen. The elemental maps
were constructed using the signal from the GEM X-ray detector.

The pictures consist of the normal {analog) format and a more modern,
computer readable format (digital, this format was available only for work
conducted using the SEM). The analog format currently offers more resolution
{about 2000 by 1500 lines per picture} than the digital format {digital images can
be collected at 256 by 192 pixels, 512 by 384 pixels or 1024 by 768 pixels).
However, the dig'ifoi format will surely be the media of the future because: (1)
computer storage media costs are faling rapidly,; {2} the resolution of digital
images is constantly beiﬂg' increased (second scurce vendors already boast
4096 by 4096 pixel images); and (3) the images can be manipulated (i.e.,

magnified or processed using image analysis) and cataloged {e.g. an image

'

Backscattered
electron detector

|

backscaliered electrong

working distance: 25mm
working voltage : 15kV
Pressure : 40Pa oy

take-off angle : 30° Blectron beam

%-rays

SPECIMEN

Figure 3. illustration of details pertaining to the SEM study.

pie] . o,
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database) using less resources than is required for conventional pictures. For the
purpose of this research project both media formats have been used. Typically,
pictures were taken using Polaroid Type 55 film because it has a negative that
can be used for enlargements. The digital images were normally collected
using fhe high resolution {1024 by 768 pixels] mode; however, some lower
resolution images were also collected.

The Link ISIS program SPEEDMAP was used to collect the digital X-ray maps
for this project. This particular program allows researchers to collect information
on 30 different elements, simultaneously. The major elements of interest in this
project were oxygen (O], sodium {Na), magnesium {Mg}, aluminum [Al}, silicon
(Si), sulfur {S), chicrine (Cl}, potassium (K}, calcium (Ca) and iron (Fe).
Occasionally, after special treatments, other elements were also measured [i.e.,
uranium). Digital X-ray maps were normally collected at a resolution of 256 by
192 pixels; however, occasionally higher resolution maps were coliected {512 by
384 pixels).

Standard Operating Procedure
Test specimens were normally seated in the specimen holder and then

marked with reference points so that they could be removed and then
reinserted info the SEM at the same nominal location (i.e., easy location of the
features of interest). The study of a specimen began by scanning rapidly over
the surface of the specimen at a magnification of 15X to 20X. This process was
conducted as shown in Figure 4. The process was videotaped so that gross
deiails could be permanently recorded. The videotaping , which took about 10
to 15 minutes per specimen 1o complete, provides o good record of
approximately 65% of the surface of each specimen. it also provides preliminary
indications of void (entrapped and entrained air) content, homogeneity of the
speé:im@n, and cracking in the aggregate and/or paste fraction of the
concrefe. During the videotaping session the microscopist recorded the x-y

coordinates of interesting features that could be investigated in more detail
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Another source of error in the X-ray maps was due o topography in the
specimens. Since all of the concrete cores contained entrained air voids {these
voids are huge on a microscopic scale) one can often see shadows in the X-ray
maps (see Fg. 6). These shadows result from the fact that the X-ray detector
had a take-off angle of 30 degrees relafive to the specimen surface. A
comparison of the backscattered electron image and the oxygen X-ray map
normally allows one to quickly identify when shadowing may distort the X-ray
image. For the convenience of the operator no attempt was made to tilt the

specimen towards the detector 1o minimize this error.

4

note shadow

note shadow

Figure 6. Hllustration of how specimen morphology distorts the X-ray images.
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RESULTS AND DISCUSSION

The results from this study will be discussed in defail; however, due to the
nature of the data collected in this research project (i.e., pictures or images), it is
difficult to display the results in a texi-based report. Also, since this report has
been published without using color it lacks many of the sophisticated image
processing techniques that can be used to enhance and clarify subtle details.
These ’seclhniques are availabie and can be used to manipulate the digital 6010:
however, publishing costs prohibited their use in this r@pdrt. Hence, much of the
information has been reduced fo ftabular form. This is a great disservice
because it limits the information that can be presented. However, it is not
currently possible to create and distribute a multimedia based report that can
incorporate ail of the digifal data (although this will be possible in the near
future). The original photographs, hard copies of the X-ray maps, and copies of
the exploratory videompés were submitted fo the lowa Depariment of
Transportation upon completion of the project. The avdailability and distribution

of the original information is left 1o their discretion.

Resulis of Different Sample Preparation Technigues
Sample preparation is critical to the inferpreiation petrographic

examinafions; and hence, this study has briefly evaluated the use of four
different common sample preparation technigues. These technigues included
the observation of freshly fractured surfaces, sawn surfaces, ground and
polished surfaces, and standard thin section surfaces.

The fthin sections were prepared by a commercial pefrographic
consulfant (Spectrum Pefrographics, Winston, Oregon) using both standard
technigues and special techniques thatl are often employed for water and heat
sensitive samples. There were no apparent differences between the specimens
prepared by the standard or sensitive materials pro;edures. Backscattered

electron images obtained from a typicai thin section are shown in Figure 7. The



image clearly indicates the presence of material in the air voids. In fact, many
of the smaller voids have beén completely filed. Fine hair line cracks were also
evident in the paste portion of the specimen. Most of the features remained
intfact during the preparation of the thin section; however, some of the shale
particles were destroyed by the process.

Backscattered electron images obtained from the normal sample
preparation method used in this study (ground and polished surfaces), which
was described earlier in this report, are shown in Figure 8. The images have

been orienfed so that the area shown in Figure 7 corresponds closely to the area

shown in Figure 8. The images shown in Figure 8 were obtained before the -

sampies were sent to be made intc thin sections. Th1§ allowed the iaboratory
that made the thin sections to prepare a specimen of nearly the same area that
had been viewed on the bulk specimen {except for the 30 micron thickness of
the thin section).

Cverall, Figures 7 and 8 contain essentially fhe same information. The
surface polish is a little better in Figure 8 than in Figure 7, but the major features,
particularly the filled voids, have been preserved in both sample preparation
techniques. The voids are filled with a sulfate bearing mineral (see Fig. 9). The X-
ray map indicates that only a small amount of Qluminum s present in the
material in fhe voids, this suggests that the material's composition has been
altered to some extent by the sample preparation process because the material
started out as etftringite. If the thin section is viewed in transmitted light using a
petrographic microscope the voids appear to be nearly empty. This may help
to explain why these features were not mentioned in previous studies of similar
cores [2,17]. The distinct morphology of the ettringite is easily reéognized when
‘using a scanning electron microscope. n addition, the visual information can
easily be supplemented with chemical information (via an X-ray spectrum or an

X-ray map]. This allows one to better estimate the identity of the object that is
being observed,.
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Images obtained from the sawn surface of the specimen ére shown in
Figures 10 and 11. Note the poor contrast between adjacent minerals in Figure
10. The sawing process has smeared debris over the surface of the specimen,
this has distorted the information in both the backscattered electron image ond
the X-ray map. This also makes it difficult to identify microcracks in the
specimen. However, both figures still indicate the presence of filled air voids.
Higher magnification (see Fig. 12) helps to discern features but it also indicates

that specimen topography will inferfere with accurate X-ray mapping.

Figure 10. US 20, sawn surface, magnification =100X..
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Figure 12. US 20, sawn surface; 300X magnification.

Images from a freshly fractured specimen surface are shown in Figures 13
through 17. The first two figures clearly illustrate the presence of filled «air voids.
In fact, the images give a better illusiration of the three dimensional nature of
the air voids. The X-ray map (see Fig. 15) contains many shadows {due io
topography} which make interprefation difficult. Figures 16 and 17 show a large
shale partficle that was uncovered during the fraciuring process. The shale
particle is surrounded by voids that have been filied with ettringite. None of the
voids give any evidence of being filed with alkali-siica gel. However, this
statement must be tempered by the fact that surface topography has distorted
both the image {this is why the lower-right half of the image is poorly focused)

and the elemental map.

PR —
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Figure 13. US 20, fractured surface, 30X magnification,

Figure 14. US 20, fractured surface, 100X magnification.



Figure 15. X-ray map of the region shown in Fig. 14; 100X magnification.

e
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The preceding discussion has illusiratied some of the strengths and
weaknesses of the various sample preparation techniques ‘rhc:n‘. were available
for use in this project. Obviously, there is no single technique that fits all
situations. JIHowever, the fractured surface and sawn surface sample
preparation techniques were not deemed to be adequate since the
observation of cracking was a fundamental requirement for this project. The
thin section 1ec_hnique produced excellent specimens but the delicate and time
consuming sdmpie preparation procedure, plus the small specimen size {about
1 inch by 2 inches}, did not meet the needs of the project. Hence, the use of
bulk specimens, that had been ground flat and then polished to #1200 grit,
appeared to b_rovide the most reliable information with only a moderate

amount of time invested for specimen preparation.

Figure 16. US 20, fractured surface, shale particle, 50X magnification.



F'igure 17. X-ray map of the region shown in Fig. 14; 50X magnification.
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CMl Cores
The concrete samples denoted as priority 1 in Table ‘1, all consisted of

sections of cores that had been studied earlier by the Materials Quality Task
Force [17]. The results of the petrographic examination are summarized in Table
3. A detailed discussion of the first four core specimens (i.e., specimens from I-
80, 1-35 and US 20} will be delayed until later in this report so that all observations
from a single pavement site can be considered as a whole. At this time, it is
sufficient to say that the results are roughly similar 1o those reported by Concrete

Microscopy. Inc. [17]. '

The samples denofed as CMI-11 and CMI-12 both exhibited very liftle
cracking; however, they did contain features that help to iliustrate points that will
bé mentioned later in this report. The CMI report [17] indicated that the two
specimens confained similar amounts of enfrained air {7.9% and 7.5%.
respectively}, and that the air voids were only thinly lined with ettringite. This
investigation revealed major differences in the distribution of air voids (compare
Figures 18 and 19}, and it also indicated that many of the small air voids in the
CMI-11 sample had been filled with ettringite {compare Figures 20 and 21}.

The specimens denoted as CMI-14 and CMI-15 both exhibited severe
cracking at the edges of the specimens. The comers of the specimens were
quite fragile and crumbled during normai handiing. This was due to the fact
that both specimens had been submerged in a concenfrated sodium sulfate
solution {10% by mass) for almost two years. Visual inspection indicated that the
sulfate-induced cracking penetrated about 0.5" to 1" into concrete specimens.
Again, the CMI report acknowledges only thin ettringite linings in the cir voids
near the edges of the specimens. This study indicated that many of the small air
voids near the edges of the specimens had been completely filled with
ettringite (see Figure 22}). The frequency of the filled voids decreases as one
travels fowards the interior of the specimen, this is in agreement with the CMI

report, The ettringite filled voids appeared to be more prevd]en’r in the
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Table 3. Summary of observations from the CMI cores

Observations:  Visual inspection and light microscopy
Core Location & Aggregates Voids Cracks " Comments
No. Details
CMI-1 1-80 EB Dallas Alden stone many entrapped cracked shale; fly ash present
Co. 0.75” max voids, some air other cracks air looks OK
Van Meter sand voids lined minimal
0.2"max
CMI-2 '-35 NB Alden stone many entrapped cracked shale; fly ash present
Story Co. 1" max voids, some air other cracks air looks OK
Ames sand voids lined minimal
0.2”max
EMI-5 US 520 Ft. Dodge little entrapped cracked shale; most voids lined with
EB, C ash 1" max air; air looks low macrocracks white material; small
Yates sand roughly voids filled; fly ash
0.2” max subparallel to top present
of core, go
though paste
CMI-6 LIS 520 Ft, Dodge little entrapped cracked shale; most voids fined with
WB, no ash 1" max air other cracks white material; no fly
Croft sand minimal ash present
(.2 max
CMI-11 Fast track Lee Crawford little entrapped none evident all voids lined with
Benton Co. 0.75” max air; air looks edd white material; no fly
Cedar Rapids ash but considerable
sand, angular debris in paste
0.2" max
CMI-i2 Co. Road B Gamer North little entrapped cracked shale; some gel evident
Hancock Co. 0.75" max air; air content some cracked lining voids near
Sankey sand looks high fine aggregate i cracked shale particles
0.2” max particles '
CMI-14 Lab sample Montour few entrapped | cracks evident at microcracking
HR-327 [.0” max voids; air content surface of extensive in outside
no ash Bellevue looks good specimen, some 0.5 of specimen
0.25” max large
CMi-15 Lab sample Montour few entrapped cracks evident at fly ash present;
HR-327 1.0" max voids; air content surface of microcracking less
15% C ash Bellevue looks marginal specimen apparent than in CMI-
0.25" max 14 specimen

specimen containing Class C fly ash. However, the specimen containing only

Type | cement appeared to exhibit more internal distress, this distress was

particularly evident at the paste-aggregate interface (see Figure 23). This

observation was consistent with the results of the expansion tests that had been

conducted on the specimens during research project HR-327 (see Figure 24).
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Table 3. (continued) Summary of observations from the CMI cores

Observations: scanning electron microscopy
Core Location & Matrix Voids Cracks Fly Comments
No. Details ' Ash
CMI-1 1-80 EB Dallas good paste/agg | some small voids cracked shale; yes some ASR gel
Co, bond, air looks filled with very fine in voids near
good ettringite microcracks shale particles
connecting air
voids
CMI-2 [-35NB good paste/agg | small voids filled cracked shale; yes
Story Co, bond, air looks with etiringite in microcracks
low some areas travel thru paste,
often connect air
: ' voids
CMI-5 US 520 paste/agg bond | many entrapped cracked shale; ves paste looks
EB, C ash. varies; voids; many small microcracks Very poor in
S air looks low air voids filled common in paste, some regions
with ettringite go around
: aggregates .
CMI-6 US 520 paste/agg. bond | many entrapped cracked shale; no paste looks
WB, no ash ?; air may be voids; many voids | few microcracks poor in some
- low lined with in paste regions
ettringite
CMI-11 Fast track paste/agg. bond | large voids lined | fine microcracks no
Benton Co. OK, air looks with ettringite, go thru paste,
low small voids often | connect air voids
filled
CMl-12 Co. Road B paste/agg, bond some entrapped cracked shale; no
Hancock Co. OK; too much voids; some voids | some microcracks
air lined with in paste
etiringite
CMI-14 Lab sample pastefagg. bond air content OK; microcracks no paste and the
HR-327 poor at exterior | some voids lined | extensive in paste paste/ coarse
no ash surface of but few filled fraction of aggregate
specimen with ettringite specimen bond iook
‘ poor
CMI-15 L.ab sample paste/agg. bond | air content fooks microcracks yes paste and the
HR-327 poor at exterior | OK; some voids | extensive in paste paste/ coarse
15% C ash surface of lined, small voids fraction of aggregate
: specimen filled with specimen bond Jook
ettringite poor




Figure 19. County Road B, Hancock Co. {CMI-12), 20X magnification.
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Figure 21. County Road B, Hancock Co. (CMI-12), 125X magnification..



Figure 22. Lab concrete exposed to sulfate solution, 100X magnification;
(Beam 55 from HR-327, Type | cement with 15% C fly ash).

Figure 23. Lab concrete exposed to sulfate solution, 20X magnification;
(Beam 53 from HR-327, Type | cement, no fly ash).
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Figure 24. Resulis of a laboratory sulfate resistance study using Ottumwa fly ash.

Highway US 20 Cores
The concrete samples in the priority 2 group were all faken from US 20.

The results of the petrographic examination are summarized in Tables 4, 5and é.
The cores have been split into distinct groups based on the mix design used
during construction of the pavement. These deldils have been described
thoroughly by Jones [18] in @ ectrliier investigation of the deterioration observed
on US 20. Observations from the two CMI ceres that were taken from US 20
(CMI-5 and CMI-6, respectively}, will also be discussed in this section.

The major fype of distress that was observed in the specimens consisted of
cracking oriented subparaliel fo the top of the pavement. The number and
severity of the cracking varied considerably from core to core. This type of
cracking was apparent {i.e., by visual inspection only) in cores 10, 11, 12, 17, 19,
20, and the core denoted as CMI-5. The horizontal cracks fended to propagate
through the paste fraction of the concrete. The cracks often reached widths of
0.5 milimeters {or more in some instances) and they were typically open {i.e., not

filled with alkali-silica gel or ettringite},
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Table 4. Summary of observations from the cores taken from US 20 (mix#1).

Highway: US 20, paved 1987, proj. #,7

Mix details:

C3WRC, Mix#l

Coarse Aggregate (CA) : Ft. Dodge Mine crushed limestone

Fine Aggregate (FA) : Croft
Cement : Lehigh
Fly Ash : Oftumwa
Observations:  Visual inspection and light microscopy
Core Location & Aggregates Voids Cracks Comments
No. Details
9 midpanel, CA sound many entrapped cracked shale few cracks observed
no vibrator trail max. = 1.0” air voids; many particles
FA max.=3" air voids lined
shale not
measured
10 joint, CA sound many entrapped extensive intop | steel observed in lower
no vibrator trail max. = 1.25" air voids; many of core; also third of sample
FA max.=3" air voids lined cracked shale
shale = 1.1% particles
H joint, CA sound entrapped air extensive, full air looks low
vibrator trail max. = 1.0” voids; many air | depth; subparaiiel
FA max.=3" voids lined, some to top of cracked shale particles
shale = 0.6% filled pavement
12 midpanel, CA sound entrapped air extensive, intop | some regions in top of
vibrator trail max, = [.25” volds; many air - of core; core exhibit
FA max.=3" voids lined, some | subparallel to top segregation;
shale not filled of pavement cracked shale particles
measured
Observations:  Scanning electron microscopy
Core Location & Matrix Voids Cracks Fiy Comments
No. Details Ash
g midpanel, Good many large voids, few, except for yes ASR evident
no vibrator trail cement/age. small voids filled cracked shale near shale
bond with ettringite particles
10 joint, some regions many [arge voids; | common in paste, yes more air and
no vibrator trail poorly consol- | small voids filled | often connect air less void
idated with eftringite voids; cracked filling in
shale boftom
specimen
11 joint, some paste areas | many large voids; | comimon, some yes air looks low
vibrator trail have excess fly | small voids filled cracks contain intop
ash or poor with ettringite ASR gel; cracked specimen
mixing shale
12 midpanel, paste looks poor | many large voids; common, some yes air looks low
vibrator trail ot distorted in smatll voids filled | were caused by a ' in top
some regions with ettringite reactive specimen
_aggregate; '
cracked shale
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Table 5. Summary of observations from the cores taken from US 20 (mix#2).

Highway: US 20, paved 1986, proj. #.?

Mix detais: C3IWR, Mix#2
Coarse Aggregate (CA) : Ft. Dodge Mine crushed limestone
Fine Aggregate (FA) : Croft
Cement : Lehigh
Fly Ash : None
Observations:  Visual inspection and light microscopy
Core Location & Aggregates Voids Cracks Comments
No. Details
13 midpanel, CA sound some entrapped not evident looks sound
no vibrator trail max. = 1.07 air voids; some except for
FA max.=25" air voids lined cracked shale
shale= 1.2% particles
14 joint, CA sound large entrapped not evident air looks low; perhaps
no vibrator trail max, = 1.0” air voids; many except for some segregation in
FA max.=.25" air voids lined cracked shale s0me areas
shale = 1.4% particles
135 joint, CA sound entrapped air not evident steel observed in lower
vibrator trail max. = .25 voids common except for third of core
FA max.=3" near center of cracked shale
shale = 0.9% core particles
16 midpanel, CA sound entrapped air not evident clumps of air voids
vibrator trail max. = }.257 voids common except for observed in some areas
FA max.=25" near center of cracked shale
shale = 0.8% core particles
Observations:  Scanning electron microscopy
Core Location & Matrix Voids Cracks Fly Comments
No. Details Ash
13 midpanel, good paste/agg. | many voids lined few except for no air tooks low
no vibrator trail bond with ettringite cracked shale in some areas
particles
14 loint, good paste/agg. | some voids lined few except for no ? low air in
no vibrator trail bond with ettringite cracked shale top of core;
particles higher in
bottom
15 joint, good paste/agg. | many large voids; | common in paste; ne shale may be
vibrator trail bond some voids lined cracked shale producing
with ettringite particles ASR gel
16 midpanel, good paste/agg. | many large voids; § some radiate from no

vibrator trail

bond

some voids lined
with ettringite

air voids others
from shale
particles
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Table 6. Summary of observations from the cores taken from US 20 (mix#3).

Highway: US 20, paved 1986, proj. #.?

Mix details: C3C, Mix#3
Coarse Aggregate (CA) : Ft. Dodge Mine crushed limestone
Fine Aggregate (FA) : Yates
Cement : Lehigh
Fly Ash : Port Neal 4
Observations: Visual inspection and light microscopy
Core Location & Aggregates Voids Cracks Comments
No. Details
17 joint, CA sound many entrapped extensive in top steel observed in
no vibrator trail max. = 1.0” voids; many air of core; middle of core;
FA max,=.3" voids lined subparallel to top
shale = 0.8% of pavement cracked shale
18 midpanel, CA sound air content looks not evident some oversize in fine
no vibrator trail max. = 1.0" low except for aggregate
FA max.=.3” cracked shale
shale = 0.5% particles
19 midpanel, CA sound some entrapped extensive in top cracked shale; ?
vibratar trail max. = 1.25" air voids; many of core; segregation and mortar
FA max.=25" lined voids subparallel to top cracking near top of
shale = 0.9% of pavement core
20 joint, CA sound air content looks extensive in top some oversize in fine
vibrator trail max, = |07 low in top of of core; aggregate
FA max.=3" core; many lined | subparatlel to top
shale = 0.7% voids of pavement cracked shale
Observations:  Scanning electron microscopy
Core Location & Matrix Voids Cracks Fly Cominents
No. Details Ash
17 joini, air content looks many ettringite cracked shale; Ves some ASR
no vibrator trail low filled voids some cracks go observed near
thru paste around shale particles
agg.
I8 midpanel, air content looks | many ettringite cracked shale; yes some ASR
no vibrator trail low filied voids some cracks go observed near
thru paste around shale particles
agg.
19 midpanel, air content looks | many large voids, cracked shale; yes some areas
vibrator trail fow many eftringite some cracks go distorted, ?
filled voids thru paste around poor mixing
agg. or consol-
idation
20 joint, air content looks | many large voids, often join large yes minor
vibrator trail low in top of many ettringite voids; cracked evidence of
core, high in filled voids shale ASR
bottom
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The coarse aggregaie (Fi. Dodge crushed limestone) was sound in all of
the cores. The fine aggregate contained some reactive particles that had
produced alkali-silica gel. Most of the reactive aggregates were shale particles
and all of the core specimens {cores 9 through 20 plus CMi-5 and -CMl-é)
contained cracked shale pariicles. Some of the cracked shale particles had
produced alkali-siica gel while many others had not. The cracks associated
with the shale particles were exiremely fine and typically did not propagate far
into the cement paste (see Figures 25 through 27). Other reactive aggregates
were only very rarely observed in the fourteen c¢ore samples. Sand-sized

dolomite pdriicles were observed in all of the cores from US 20.

Figure 25. US 20, core 178, ASR near shale particle; 50X magnification.
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Figure 27. US 20, core 12B, 25X magnification (mix#1, 15% fly ash)
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A reactive particle, which had produced disruptive expansion by the
production of c:lkoli—siﬁc:cs gel, was found in the top specimen of core 12 (see
Figures 28 and 29). This parficular particie is an excellent example of alkali-siica
reaction and it will be used o demonsirate how alkali-reactive aggregates can
be identified using the scanning electron microscope, First, notice in Figure 28,
that a cracked aggregate is present in the field-of-view. The cracks tend to
radiafe from ’f.h__e ..rec::c:ﬁve particle into the cement paste (several millimeters in
this instance, They actually pass out of the field-of-view}. Several cracks appear
to be filled with a material that has a "mud-cracked” appearance, this is the

normal morphdlogy of alkali-silica gelin a scanning electron microscope.

Figure 28. US 20, core 12B, deleterious ASR cracking; 100X magnification.



Figure 29. X-ray map of the area shown in Fig. 28;

100X magnification.
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The visual information can immediately be supplemenied with elemental
information from the energy dispersive X-ray analyzer. This could consist of an
elemental scan of the gel material or an X-ray map of the region of interest. In
this instance, an X-ray map was collected because it provides a more
comprehensive view of the region of interest. Figure 29 is the X-ray map that
was collected from the region shown in Figure 28. The oxygén map indicates
that the sample was reasonably flat with little topography {i.e.. few shadows are
apparent in the oxygen map). The silicon, potassium and sodium maps clearly
indicate that the material in the cracks is primarily composed of these elements
{plus oxygeﬁ). The calcium map indicates that regions of the gel contain only
small amounts of calcium. However, as is readily apparent in the calcium X-ray
map, the concentration of calcium varies considerably in different parts of the
crack, this suggests a variety of alkali-silica gels with different compositions (and
- perhaps with different swelling potentials). One important thing to note is that
the aggregate, which appeared to contain only ¢ single well defined crack in
the backscattered electron image, now clearly indicates severe distress in the X-
ray maps {refer to aluminum or calcium maps which indicate about five distinct
cracks). Thisis in better agreement with the amount of gel that was observed in
the region.

The paste fraction of many of the concrete cores taken from US 20 was
- often distorted in one way or another. One of the most commonly observed
distortions was c large number of entrapped air voids. The diometer of the
enfrapped voids ranged in size from 1" {uncommon but observed), to about 0.2"
[very common in all of the cores). The entrapped voids were observed in both
the fop and boftom sections of cores taken from either the pavement joint or
midpanel region. No attempt was made to quantify these observations.

The enfrained-air void system varied considerably from core to-core. It
also varied from the top to the bottom of the core in many instances {see Figure

30 for an example}. Again, the discussion that follows will hinge on gudlitafive
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Figure 30. US 20, core 20, 20X magnification; note difference in qir voids.
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comparisons rather than strict quantitative comparisons. The distribution of air
voids.throughout the paste often appeared to be very poor when compared to
laboratory concrete specimens. However, a closer inspection of the paste
generally indicated that etfringite had filled many of the small. {<100 microns) air
voids (see Fig. 31). Even closer inspection (see Fig. 32} appeared to indicate that
the air voids had been filed from smailest to largest {note the linings on the
larger voids while the small voids have been filled}. Often the air voids that had
been filed were difficult to see without careful inspection {even though
ettringite has a very unigque morphology in the scanning eleciron microscope).
X-ray maps, particularly the sulfur and silicon maps, were useful for detecting the
etiringite f%l'ied.voids (see Fig. 31). Sometimes v.@ry fine cracks were observed fo
pass through= the filled dir voids info the adjacent paste (or perhaps to another

filled air void).

Figure 31. X-ray map of US 20, core 108, note filled voids; 20X magnification.
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Figure 32. US 20, core 10B, void filling and microcracking; 100X magnification.

The observation of eitringite filled voids was common throughout all the
cores faken from US 20. The cores from mixes that contained fly ash (mixes 1
and 3) appeared to contain considerably more filled voids than the cores taken
from the mix without fly ash {mix 2); however, this observation is only quadlitative
at this fime. Future work will be suggested to quantify this matter. It is also
important to remember that the cements used in the different mixes were not
the same. They had been produced by a single manufaciurer but at different
times. __

in an attempt fo shéd more light on the chemistry of the p.czs’re fraction of
the cores from US 20, all the cores were analyzed using differential scanning
calorimetry (DSC). Also, selected samples were subjected to. X-ray diffraction

analysis (XRD).
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The preliminary specimens for DSC analysis were obtained by using a
masonry bit to remove mortar from the exterior of the concrete cores, this
allowed one to avoid sampling the coarse aggregate fraction of the concrete.
The exiracted material was then sieved through a #100 mesh sieve and then
ground to a fine particle size for the DSC experiments. However, this sampling
procedure also tended io sampie material that had been cliered due fo
exposure to the atmosphere. Hence, additional samples were removed from
fresh surfaces of specific core specimens, to evaluate the influence of the
sampling technique. The fresh surfaces were tested with phenolphthalein to
evaluate the depth of carbonation (which was less than 0.5 millimeters in all the
cores that were tested]. All of the results of the DSC study have been appended
to this report (see Appendix C}. For the purpose of brevity only three core
specimens will be discussed in detail. 1t is important 1o note, however, that the
DSC experiments appear to sorf the cores into groups based on the calcium
hydroxide confent of the mortar — but beware of making any conclusions based
on these results because of the potential for sample alteration that was
described above. The exposure of the core samples to the atmosphere
appears to magnify the differences observed between the cores. These fests
are currently being repeated on fresh surfaces to see if the grouping is
repeated.

Three core specimens were selected from the fourteen cores from US 20

that were available for study. To aid the comparison, all three of the cores were

obtained from the joint region of the pavement slab, and they represented all ...

three of the concrete mixes that were available. Two of the cores represented
concrete that contained vibrator frails (cores 15 and 20), the remaining sample
(core 11) did not contain vibrator trails.

The resulis of DSC analysis are shown in Figures 33 and 34. Figure 33
depicts results obtained from the outside surface of the concrete cores [i.e., the

specimen was not indicative of the mortar fraction of the concrete specimen
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since it had beeh exposed to the air for a considerable amount of time). The
test results obtained from a fresh surface are shown in Figure 34, this should give
a better indication of the composition of the mortar fraction of thé concrete
cores. The results were in rough agreement since they identified the same major
constituents in the mortar fraction; however, the quaniitative details {i.e., the
area of the peaks that represented different decomposition events) varied
considerably. '

The major compounds that were indicated by the DSC study included: (1)
calcium silicate hydrate gel and etiringite {or another AF(t} phase with a
composition close 1o etiringite}] - these compounds decomposed at

temperatures between 50 and 120°C; (2] monosulfodluminate hydrate (or
another AF{m) phase of simiiar composition) - this compound decomposed at
about 170°C; {3) magnesium hydroxide {brucite} - this compound decomposed
at about 390°C; and {4) calcium hydroxide {porflandite) - this compound
decomposed at about 470°C. The presence of brucite was olso indicated by
XRD (see Fig. 35). The XRD study indicated that the calcite content was similar in
each core specimen, this suggests similar amounts of carbonation.

Why the drastic difference in brucite and porflandite contents of the
mortar fractions from the different corese The answer to this question is not
readily evident; however, one can speculate on why this was observed.

Portflandite [calcium hydroxide) is a common by-product from the
hydration of the calcium silicate phases in portland cement (fly ashes typically
produce negligible amounts of portlandite when compared to cements,
especially when only 15% fly ash is substituted for an equivalent amount of
cement). The use of fly ash would have reduced the amount of portlandite
present in the cores because of: {1} direct substitution; and {2} consumption of
portlandite via the pozzolanic reaction. However, the reduction of the amount
of portlandite by roughly 50%, which was evident in the DSC results {see Figure

34), cannot be explained adequaiely by either of these processes. Remember
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Figure 35. Resulis of XRD analysis on the mortar fraction of US 20 cores.

that Class C fly ashes tend to be poor pozzolans but good cements, this is the
reason why they often do not mitigate the occurrence of alkali-silica reaction
like a Class F fly ash. Supporting evidence can be found in the DSC resulis for
the laboratory concrete specimens (see samples IO-1 #53 and 115-1 #55 in
Appendix C}. These laboratory test specimens were made in 1991 and showed
only about a 20% reduction in portlandite content for a 15% level of fiy ash
replacement. It seems unlikely that several additional years of curing would
have doubled the consumption of portlandite in the specimens.

Brucite {magnesium hydroxide} is normally formed from the hydration of
periclase {magnesium oxide}, and the periclase could have entered the system
via the cement or the Class C fly ash. The hydration of periclase tends to occur
siowly and may cause soundness problems. However, this does not seem fo
provide a reliable answer because, as was stated by Jones [18], the materials
used in the project all met the appropriate specifications {i.e., the materials
would have passed an autoclave expansion test). |

The relative solubility of the two minerals may be the key factor to

understanding the iéﬁ results, Brucite is nearly insoluble in water. Porflandite is
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Slighﬂy soluble in water but it is still many times more soluble than Brucite. Hence,
if water had been allowed 1o leach the samples one would expect Porilandite
to leave the bulk sample while Brucite would be retained. The dissolved
Portlandite would fravel to a free surface where it would probably precipitate as
a carbonate, due to exposure to atmospheric carbon dioxide., This would
produce efflorescence on the surface of the sample. Andlysis of the leached
specimen would indicate an elevated concentration of Brucite and a reduction
in the amount of Portlandite. Hence, one may speculate that the DSC results
simply indicate the relative amounts of deterioration present in the core
specimens. Internal cracking drastically increased the amount of water that
could penetrate into the concrete, and the relalive solubility of the two

compounds dictated which would be removed.

I-35 Cores
The concrete samples in the priority 3 group were all taken from |-35 in

~ Story County. The results of the petrographic studies are summarized in Table 7.

Observations from the CMI| core that was taken from [-35 [CMI-2), will also be
discussed in this section.

The major type of distress that was observed consisted of cracking
oriented subparallel to the top of the pavement {cores 1 and 2}, and cracking
oriented perpendicular to the top of the pavement (cores 7 and 8). The cracks
were severe and often caused porfions of the cores to break apart during
normal sample preparation procedures. The other samples {cores 3, 4, 5, 6 and
CMI-2) did not exhibit macroscopic cracking (except for cracked shale
particles). However, closer inspection of the cores indicated that they all
exhibited similar features on a microscopic level, _

The coarse oggfegd‘re (Alden crushed limestone) was sound in all of the
cores. The fine aggregate contained shale particles 'that had cracked;
however, litfle, if any, alkali-siica gel had been produced. The cracked shale

particies rarely appeared o be causing much distress in the paste fraction of
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the concrete. Core 8 contained more shale {2.1%) than any of the other cores.
Sand-sized dolomite particles were cbserved in all the I-35 cores.

The paste fraction of the concrete cores often looked poor. The paste
confained many enfrapped voids (especially in the cores obtained from the
pavement joints), and often the entrained air content varied considerably from
the top to the bottom of the cores {see Figures 36 and 37). Again, the joints
appeared to look the worst. The air content often appeared to be low in both
the top and bottom of some cores. Occasionally, clumps of what appeared to
be fly ash were observed in the paste (see Fig. 38). The significance of such
features is difficult to ascertain; however, such features would typically suggest
problems in the mixing cycle of the concrete.

Closer inspection of the pds’ra typically indicated microcracking that
tended o migrate around aggregates and through adjacent air voids (see Fig.
39). Small air voids were often completely filled with ettringite and were very
d%fficu[% to observe without careful inspection because of poor contrast between
the air voids and the bulk paste. Often it was easiest to refer to the sulfur X-ray
map to locate the air voids. An dlternative method of identifying the filled voids
was to look for *holes” (dark regions) in the silicon X-ray map. Cracks, plus gaps
between the cement pasie and the aggregate particles, were also
occasionally observed. Often these features tended o be filled with ettringiie
{see Figures 40 and 41). These features generally passed through several
millimeters of paste. They suggest that the paste has expanded away from the
aggregate. Plastic concrete problems, such as poor consolidation, could also
leave similar gaps around aggregates; however, they could not account for the
cracks that were observed adjacent 1o the gaps. It is difficult fo say if the
ettringite helped to creaie the cracks or if it simply was deposited there during

the normal wetting and drying cycles experienced by the concrete pavement.
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Table 7. Summary of observations from the cores taken from 1-35.

Highway: 1-35 north bound, paved 1985, proj. #IR-35-5(40)121

Mix details C-3-C
Coarse Aggregate (CA) : Alden crushed limestone
Fine Aggregate (FA) : Ames, Hallett
Cement + Lehigh, Type I
Fly Ash : Port Neal #4
Observations:  Visual inspection and light microscopy
Core Location & Aggregates Voids Cracks Comments
No. Details
I I’ from CA sound many filled Subparallel to cracks pass
joint max. = 1” with white surface of through paste
FA max.=25" material pavement
shale =1.1%
2 4” from CA sound many Subparallel to sample broke
joint max. =17 entrapped surface of about 4” below
FA max.=.3" voids, some air pavement surface
shale = 0.9% voids filled '
3 midpanel CA sound few entrapped | evident only in the sample fooks
max. = 1" voids, air voids shale particles good
FA max.=25" filled
shale = 1.9% - :
4 midpanel CA sound many evident only in the | some entrapped
max. = 1" entrapped shale particles voids go all the
FA max.=25" voids, some air way thru
: shale = 1.0% voids filied specimen
5 8" from vibrator CA sound some entrapped evident only in one entrapped
trail crack max, = " voids, many shale particles void goes all
FA max.=3" voids filled the way thru
shale = 1.4% specimen
6 87 from vibrator CA sound few entrapped evident only in
trail crack max, = |7 voids, many shale particles
FA max.=.3" voids filled
shale = 1.1%
7 in vibrator trail CA sound many cracked the length cracks go
crack max. = 1" entrapped of the core around
FA max.=3" voids, many specimen {from aggregates
shale = 1.4% voids filled bottom to top)
8 in vibrator trail CA sound many cracked from the cracks go
crack max. = 1" entrapped bottom up about 57, around
FA max.=.25" voids, many some cracked shale . aggregates
voids filled

shale =2.1%
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Table 7. (continued) Summary of observations from the cores taken from 1-35,

Observations:

Scanning electron microscopy

Core Location & Matrix Voids Cracks Fly Comments
No. Details Ash
1 1’ from few cracked air voids filled | extensive in paste, | ves air content
joint aggs. with ettringite in often leading varies from
top of core, open from air voids top to bottom
in bottom of core
2 4” from one area many entrapped present in paste yes air content
joint contains alot of voids; many varies from
fly ash, paste ettringite filled top to bottom
looks poor voids
3 midpanel few cracked many entrapped | extensive in paste; | yes some shale
aggs. voids; many some cracked showing ASR
ettringite filled shale gel
voids
4 midpanel few cracked ettringite fills mostly in paste; yes
aggs. many air voids in some cracked
top and bottom of shale
core
3 8" from vibrator few cracked ettringite fills air mostly in paste; yes air content
trail crack aggs. voids in top and some cracked looks low
bottom of core shale
6 8" from vibrator few cracked many entrapped some cracks in yes air content
trail crack aggs. voids; ettringite paste; looks low
' fills many small some cracked
air voids shale
7 in vibrator trail ? paste/agg many entrapped | extensive in paste; | yes air content
crack bond, few voids; ettringite some cracked looks low
cracked aggs. fills small air shale
voids
8 in vibrator trail ? paste/agg many entrapped | extensive in paste; | yes air content
crack bond, few voids; ettringite some cracked fooks low

cracked aggs.

fills small air
voids

shale
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Figure 37. 1-35, core 2C, 25X magnification;, compare air voids to Fig.

36.
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Figure 39. 1-35, core 3B, 125X magnification; note general paste cracking.
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Figure 40. |-35, core 7B, 125X magnification; note gaps around aggregate
particles that have been filled with ettringite.



Figure 41. X-ray map of the region shown in Fig. 40: 125X magnification.
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1-80 Cores ‘ ,
The concrete samples in the priority 4 group were all taken from 180 in

Dalias County. The resulfs of the petfrographic examination are summarized in
Table 8. Observations from the CMI core that was taken from 1-80 {CMI-1}, will
also be discussed in this section.

Distress was observed in several of the cores from 1-80; however, the
severilty of the cracking was considerably less than that which was noted in US
20 and 1-35. The cracking was most evident in cores faken from regions that
exhibited vibrator trails {cores 21 and 22, note that core 21 also appeared to
contain some mortar-fich regions {segregation} in the fop few inches of the
core}. Most of the cracks were randomly oriented; however, occasionally they
oﬁp@ored to orient subparallel to the fop of the pavement. The remaining
samples {cores 23, 24 and CMI-1) did not exhibit extensive cracking {except for
the cracked shale particles that were evident in all of the cores).

The coarse aggregate appeared to be sound. The fine aggregate
contained shale particles that were causing popouts, this was due to the
formation of alkali-siica gel {see Figure 42). Needle-like crystals, which were
primarily composed of sodium and oxygen (perhaps sodium hydroxide?), were
observed during detailed investigation of the popout region {see Figure 43}, The
exact significance of these crystals is not clear; however, if was noted that the
composition of the alkali-siica.gel fended fo be enriched in potassium and low
in sodium.

The paste fraction of the concrete was highly variable., Both entrapped
and enfrained air voids tended o be poorly dispersed throughout the paste.
Some regions had virtually no air voids (see Figure 44), while other regions
contained many air voids but they were not dispersed uniform@y (see Figure 45).
Also, it appeared that the tops of the cores from pavement sections confaining
vibrator trails contained less entrained air than similar cores without vibratfor trails

[compare Figures 44 and 45 with Figures 44 ohd 47, note the small change in
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Table 8. Summary of observations from the cores taken from [-80.

Highway: 1-80, Dallas Co., EB, paved 1989, proj. #IR-80-3(57)106
Mix details : C-4WR-C
Coarse Aggregate (CA) : Alden crushed limestone

Fine Aggregate (FA) : Van Meter, Hallett
Cement : Davenport, Typel
Fly Ash : Council Bluffs
Observations:  Visual inspection and light microscopy
Core Location & Aggregates Voids Cracks Comments
No. Details
21 joint, vibrator CA sound few entrapped fine cracks, excess mortar near
trail max. = [ voids but some subparallel to top of core; gel near
FA max.=25" large surface of cracked shale
shale = 1.4% pavernent particles; air looks
low
22 midpanel, CA sound many ‘fine cracks in some areas appear to
vibrator trail max. = 17 entrapped mortar, random | have low air content
FA max.=2" voids, some go orientation
shale = 0.7% thru specimen ;some cracked
shale
23 joint, CA sound some entrapped | evident only in sample looks good;
ro vibrator trail max.= 1" voids the shale air content looks
FA max.=25" particles good
shale = 1.1%
24 midpaneli, no CA sound some entrapped | evident only in sample looks good;
vibrator trail max. = 1.257 voids the shale air content looks
FA max.=25" particies good
shale = 0.9%
Observations:  scanning electron microscopy
Core Location & Matrix Voids Cracks Fly Comments
No. Details Ash
21 joint, vibrator good paste/agg many clustered - | extensive in paste; | yes bottom of core
trail bond, air looks | voids; small voids cracked shale has more air
low filled with than top of
ettringite core
22 midpanel, good paste/agg | small voids filled | extensive in paste; | yes fly ash
vibrator trail bond, air looks with ettringite in cracked shale appears to be
low top of core, poorly
bottom open dispersed
23 joint, good paste/agg many entrapped few cracks in yes fly ash
no vibrator trait j bond, air looks voids; most air paste; cracked appears to be
good void open shale poorly
dispersed
24 midpanel, no cood paste/agg many entrapped few cracks in ves fly ash
vibrator trail | bond, air looks voids; most air paste; cracked appears to be
sood void open shale poorly
dispersed

e
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Figure 43 X-ray map of shale pop-out from 1-80, core 24
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Figure 47. 1-80, core 24B, 20X magnification.

[
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magnification). Also, the small air voids tended to be filled with ettringite in the
top sections of the two cores taken from pavement sections exhibiﬁhg vibrator
frails.  In general, however, the cores from 1-80 exhibited considerably 'Iess
ettringite filled voids than the cores from 1-35 and US 20.

Fly ash also appeared o be poor!y'disfribmed in the paste (see Fig. 48).
An alternative explanation for the number of fly ash spheres that were observed
would be that too much fly ash was batched into the concrete. However, this
explanation does not seem as plausible as poor mixing because other paste

regions appear to confain virtually no fly ash.

Fast-irack Pavement at Bettendorf
The concrete samples in the priority 5 group were all faken from a street in

Bettendorf, lowa. The resulis of the visual inspection, light and scanning electron
microscopy studies are summarized in Table 9.

Moderate distress was observed in only one of the cores (number 27,
cored from the joint area) from the Bettendorf fast frack pavement. Again, the
severity of the crdcking was considerably less than that which was noted in US
20 and I-35. The cracking was oriented subparallel to the top of the pavement
and was located about hatf way down the core. The remaining samples (cores
25. 26 and 27} did not exhibit macroscopic cracking {except for an occasional
chert particle, these were evident in all of the cores).

The coarse aggregate appeared to be sound. The fine aggregate
contained somé.reoc_ﬂve particles that were in the early stages of alkali-silica
related deterioration (see Figures 49 and 50). Cracking related to the formation
of alkali-siica gel was minimal; however, some voids lined with gel were
observed. Sand-sized dolomite particles were observed in all of the cores. -

The paste fraction of the concrete cores looked poor, this was especially

true for cores 27 and 28. Air confents looked low; however, this was simply due
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Figure 48. 180, core 22B; note excess fly ash.
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Table 9. Summary of observations from the cores taken from Bettendorf.

Highway: Bettendorf Fast Track, Spruce Hill, paved 1987,

Coarse Aggregate (CA) : Linwood crushed limestone
Fine Aggregate (FA) 4 '

Cement : Continental, Type II1
Fly Ash : Louisa
Observations:  Visual inspection and light microscopy
Core Location & Aggregates Voids Cracks Comments
No. Details
25 East bound lane CA sound some entrapped none evident fly ash present
1.25” max voids; many lined
FA max=2"
26 East bound lane CA sound some entrapped none evident fly ash present
1.25” max voids; many lined
_ FA max=2"
27 West bound lane CA sound some entrapped subparaliel to fly ash present; paste
1.25" max voids; many lined surface of looks poor in some
FA max=.4" pavement, about regions; some gel.
;some FA half way down material in voids near
: particles reactive core reactive aggregates
28. | Westboundlane | . ~CA sound many entrapped none evident fly ash present; paste
o SR C1.0" max voids; many lined ' tooks poor in some.
FA max=2" ' : - regions .
- some FA
particles reactive
Observations: ~Scanning electron microscopy
Core Location & CMatrix Voids Cracks Fly Comments
No. Details . : ' A Ash ' '
23 East bound lane | good paste/agg. | many voids lined | few present; some yes | some ASR gel
bond; air looks with ettringite; cracked shale | . near shale
OK in top but small air voids particles :
fow in bottom | sometimes filled, ERRER
. especially in
_ ' : bottom
26 East bound lane | - -air appears to - {- ‘many entrapped more cracking -|: yes |- regions with
.| vary fromtopto | voids, many air | than was observed | low airtend to
U bottom | voids lined with | .. incore2s, .. _have small
TN 1 ‘eftringite, some typically cracks voids entirely -
_ o . .|~ entirely filled -go thru paste filled
27 West bound {ane | air content looks-|  air voids appear - extensive .- yes - ASRgel 1
Ccueon ] lows paste/agg. | distorted; voids as | cracking; some _evident near” '
--bond poor in ~large as 200 © | ‘cracks filled with | reactive fine.
some regions microns filled ettringite; some aggregate
: : ' ' with ettringite cracked FA particles -
28 West bound lane | air content looks | air voids appear much cracking in yes .| some ASR gel
o ' better than in distorted; many paste: some evident in
core 27 filled with cracks filled with entrapped air
ettringite ettringite; few voids
cracked FA
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to the fact that many of the entrained air voids had been filled with eflringite
{see Figures 51 and 52). Also, cracks were offen filled with effringite (note the
bright fines in the sulfur and aluminum maps in Fig. 52). Sometimes the air voids
even appeared as if they had been distorted during the placement process
{nofe the asymmetric voids in Figure 53). Microcracking was common in the
paste and typically went around aggregates and through air voids. Again, in a
manner very similar fo that which was observed in the cores from 1-35, {he

ettringife-filled cracks tended to propagate several milimeters through the
cement paste.

Figure 49. Bettendorf fast track, core 258, 100X magnification.
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Figure 5§ 1. Bettendorf fast track, core 278, 25X maghificaﬂon.
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Figure 52. X-ray map of the region shown in Fig. 51

» 25X magnification.




Figure 53. Beltendorf fast track, core 28C, 70X magnification.

Assorted Other Cores
The concrete samples in the pricrity é group consisied of cores obtained

from three different locations. The first set of cores was from Highway 175 in
Hamilfon county. The results of the petrographic studies are summarized in Table
10. The second set of cores was from US 169 in Madison county. The results of
the petrographic examination are summarized in Table 11. The final set of cores
that were inspected for this project were obtained from Highway 25 in Union
couniy, and the results of the petrographic examination are summarized-in
Table 12. Time and funding were insufficient to allow for the examination of
cores from Buchanan and Louisa counties.

Very little distress was observed in the cores taken from Highway 175, Five
different cores were studied; however, only two are listed in the core log in

Appendix A. The three additional cores were obtained from lowa Department

JP——
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Table 10. Summary of observations from the cores taken from 1A 175.

Highway: Highway 175, paved 1980, proj.# F-175-7(13)-20-490.
Mix details: C-3 contral mix, A-3 for fly ash mixes

Coarse Aggregate (CA) : Moberly mine crushed limestone
Fine Aggregate (FA) : Hallet sand

Cement ; Penn Dixie, Type 1

Fly Ash : varies, see below

Observations:  Visual inspection and light microscopy

Core L.ocation & Aggregates Voids Cracks Comments
No. Details
not in control section CA sound some entrapped cracked shale ASR gel evident near
log (no ash) max.=].25" voids; most voids particles shale particles and
FA max.=25" clean, few lined adjacent voids
not in C - ash section CA sound some voids lined cracked shale ASR gei evident near
log (Council Bluffs) max.=].25" particles shale particles and
. FA max.=25" adjacent voids
not in F - ash section CA sound few voids lined cracked shale no ASR gel evident
log {Port Neal) max.=1.25" particles
FA max.=25"
41 midpanel fly ash CA sound some voids with cracked shale no ASR gel evident
max.=1.0" thick linings particles '
FA max.=25"
42 joint CA sound some voids lined |  cracked shale ASR gel evident near
flyash - max.=1.25" : : particies shale particles and
FA max.=20" adjacent voids

Observations:  Scanning electron microscopy

Core | Location& Matrix Voids Cracks Fly Comments
No. Details B Ash '
not in control section | good paste/agg. often lined with cracked shale no ASR gel
log {(no ash) bond eftringite; some . particles; very evident near
voids near shale | fine microcracks : shale particles
filled with ASR |- in paste REET R
. el Bl ) H I R e [ L -
not in € - ash section good paste/agg. often lined with . | . cracked shale .| yes . ASR gel .
log R bond = | ettringite; some .| particles; very | evident near
- voids near shale | fine microcracks | shale particles -
filled with ASR inpaste -~ IRT
_ _ gel U _
notin .| F - ash section good paste/agg, | some voids lined cracked shale; ‘yes | “NoASR
log 4 - .1 - -bond with ettringite few cracks in "] - observed
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of Transportation personnel, the cores were extracted from the pavement in
1921, These three cores were {aken from pavement sections that contained
Class C fly ash, Class F fly ash, and no fly ash (i.e., a control section). Two of the
cores {cores 41 and 42, which both contained fly ash} were not studied in the
scanning electron microscope because the visual investigation indicated that
they were very similar to the cores taken in 1991,

The coarse aggregate used in the Highway 175 project (Moberly mine
crushed imestone} was sound in ali of the cores. The fine aggregate contained
some shale parficles that had produced alkali-siica gel. Al of the core
specimens [cores 41 and 42 plus The. three other cores described above)

contained cracked shale particles. Some of the cracked shale particles in the

Figure 54. Highway 175, class F fly ash, 20X magnification.

et
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pavement cores that did not contain fly ash, or that contained Class C fly ash,
had produced alkali-siica gel. None of the shale particles in the section

containing Class F fly ash exhibited any signs of alkdli-siica gel. The cracks.
associated with the shale particles (see Figure 54} were small and typically did

not propagate far into the cement paste. Ofther reactive aggregates were not
observed in the five core samples. Sand-sized dolomite particles were observed

in all of the cores taken from Highway 175.

The paste fraction of the cores taken from Highway 175 appeared
reasonably uniform. It did contain some very fine microcracks that could be
observed at magnifications of about 100X (or more] ; however, they appeared
randomly oriented. The samples contained entrapped air voids, but few
exceeded about 3 milimeters in diameter. The enirained-air voids were often
lined with ettringite (see Fig. 55); however, they were never totally filed {even

. the small air voids).

o5 B
ERERA AT o)

Figure 55 Highway 175, core containing no ash; 100X magnification.
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The remaining cores, those from US 16% and Highway 25, arrived at the
laboratory in very poor shape. In fact, several of the cores consisted primarily of
rubble. Hence, it was decided to do the majority of the studies using sawn
specimens of various sizes. Some studies were also conducted on small samples
that had been ground and polished as was described earlier in this report. The
two sets of pavement cores will be discussed af the same time since they exhibit

nearly identical types of deterioration.

Table 11. Summary of observations from the cores taken from US 169,

Highway: US 169, paved 1977, proj. #. FN-169-3(18)--21-6
Mix details: ?

Coarse Aggregate (CA) : Early Chapel crushed limestone
Fine Aggregate (FA) : ?

Cement :?

Observations:  Visual inspection and light microscopy

Core Location & Aggregates Voids Cracks Comments
No. Details
37 near joint CA cracked many entrapped severe; sample basically
South Bound max,=75" voids; air looks | subparaliel to top rubble
FA=0.25" max low of pavement
38 midpane! South CA cracked some entrapped extensive; some randomly
Bound max.=.75" voids; some subparallel to top oriented cracks were
FA=0.25" max voids lined of pavement also observed
39 near joint CA cracked some voids lined extensive; all cracks intersect
South Bound max.=.75" ' subparallel to top coarse aggregate
FA=0.25" max of pavement
490 midpanel South CA cracked some entrapped severe; all cracks intersect
Bound max.=.75" voids; many subparalle! to top coarse aggregate
FA=0.2" max voids lined of pavermnent
Observations:  Scanning electron microscopy
Core Location & Matrix Voids Cracks Fly Comments
No. Details Ash
37 near joint distorted due to | often filled with extensive; often ? much fine Mg
South Bound cracking, sample ettringite intersect coarse observed in
preparation age. paste
38 midpanel South | distorted due to often filled with extensive; often ne much fine Mg
Bound cracking, sample etiringite intersect coarse observed in
preparation agg, paste
39 near joint distorted due to | many veids lined, | extensive; often no much fine Mg
South Bound cracking, sample | small voids filled intersect coarse observed in
preparation age. paste
40 midpanel South | distorted due te | many voids iined | extensive; often no some dolomite
Bound cracking, sample intersect coarse in sand
preparation agy. fraction

—
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Distress was observed in dll of the cores taken from the two pavements.

Cracking was nearly always oriented subparallel to the tfop of the pavement.

The cracks tended to pass through coarse aggregate pariicles as they traversed

across the samples. Cracking was always severe (this was the most deteriorated

concrete that was studied in this project) handling during viewing in a stereo

microscope often resulted in specimen breakage.

Table 12. Summary of observations from the cores taken from 1A 25,

Highway: IA 25, paved 1964, proj. # F-451 (8)

Mix details:

A*3

Coarse Aggregate (CA) : Stanzel (Schildberg)

Fine Aggregate (FA)

+ Conc. materials

Cement : Lone Star Type 1
Fiy Ash ¢ none
Observations:  Visual inspection and light microscopy
Core Location & Aggregates Voids Cracks Comments
No. Details '
43 midpanel South CA cracked some voids lined severe; 12 of 20 coarse
bound max.= 1.0" ‘ subparallel to top aggregate particles
FA=0.25" max of pavement cracked
44 midpanel South CA cracked some voids lined; SEVETE; 13 of 15 coarse
bound max.= 1.0" some voids filied | subparallel to top aggregate particles
FA=0.25" max of pavement cracked
45 midpanel South CA cracked some voids lined; severe; 10 of 15 coarse
bound max.= 1.0" many voids filled | subparallel to top aggregate particles
FA=0.25" max of pavement cracked
Observations:  Scanning electron microscopy
Core Location & Matrix Voids Cracks Fly Comments
No. Details Ash
43 midpanel South | distorted dueto § some voids lined extensive; often no air system
bound cracking, sample intersect coarse difficult to see
preparation agg.
44 midpanel South | distorted due to | many small voids | extensive; often no air system
bound cracking, sample filled with intersect coarse difficult to see
o o preparation ettringite agg. ' '
45 midpanel South distorted due to | many small voids extensive; often no air system
bound cracking, sample filled with intersect coarse difficult to see
preparation ettringite age.
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The coarse aggregate was extensively cracked in both sets of cores. This
was most frequent in the cores from Highway 25, where over 50% of the coarse
aggregate particles exhibited cracks. The cracks in the coarse aggregate
particles were not filled (i.e., little evidence of ettringite or gel products). The fine
aggregate looked sound and very few shale particles were observed. Sand-
sized dolomite particles were observed in all the cores from |A 25, and core
number 40 from US 169.

The paste fraction of the concrete cores was difficult 1o view because of
the poor surface preparation that was used. Hence, it was difficult to assess
details of the entrained-air system that was present in the specimens. Ettringite
filled voids were present in both series of cores; although the cores from US 169
appeared to be filled more frequently {see Figures 56 and 57). Microcracks
could not be reliably detecied in the specimens, this was due to the way that

the specimens had been prepared,
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Figure 57.

X-ray map from |A 25, core 45B; 20X magnification.
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SUMMARY AND CONCLUSIONS

In summary, a dé?oi{ed investigation has been conducted on core
specimens from nine different concrete pavements locafed in lowa. The
investigation used scanning electron microscopy, coupled with energy
'dispersive X-ray analysis, to document the deterioration processes that were
observed in the cores. Visual inspection and light microscopy techniques were
also used to study the cores. Selecied fractions of some cores were also
subjected fo thermal andlysis (differenfial scanning calorimetry) and X-ray
diffraction dnc:!ysis to help identify the constituents that were present.

The results of the study indicated that there were typically two or more
deterioration processes acting simulianeously in many of the core specimens.
Hence, one must use judgment to asceriain which process initiated the
deterioration and which process contributed most to the observed degradation.
There is no sound reason to assume that @ single process accounts for both of
these observaiions. This is very difficult because petrographic techniques still
lack much of the quantitative methods that are needed to sort out the relative
significance of mulliple distress features. Hence, one must rely on opinion to
diagnose the situation and that is what the reader will be exposed to in the

remainder of this report. The facts (cbservations} that allowed the formulation of

- the opinion will be interspersed as needed; however, much of the information - -

Wcs_presen'_‘fed earlier in _’rhi_é_ rep_o;"r'._ h

1. Freeze-thaw damage appears to be the most probable explanation for the
deterioration observed in cores from US 20 in Webster County. This
deterioration was only observed. in concrete cores taken from pavement
sections using mix formulations denoted as Mix#1 and Mix#3 (see Tables 4
through 6 for details). Cores from sections denoted as Mix#2 exhibited little
distress, they also exhibited much more coherent paste fractions than did the
other two mixes. The void system of the deleriorated concrete often
appeared fo be odd. Enfrained-air voids, especially voids smaller than 100
um in diameter, were often filled with a sulfate bearing mineral that had a
chemical composition close fo ettringite. The concrete also tended o
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contain a large proportion of entrapped air voids. Alkali-silica reaction was
observed in all of the core specimens from US 20. This was almost entirely
related 1o the presence of shale particles in the fine aggregate [only one
other reactive fine aggregate particle (nonshale) was observed in the 14
cores that were studied, this particular particle was a site of alkali-siica gel
expansion and subsequent paste cracking}. The shale content of the cores
was less than 2% in all of the specimens that were measured. The coarse
aggregate was sound in all of the core samples. Very litfle alkali-siica gel
was observed in any of the cores. The macroscopic cracking patterns
observed in the cores tended 1o follow the periphery of aggregate particles
and rarely intersected the shale particles. Hence, akali-siica reaction
appeared {o play a minor part in the deterioration. Some of the
microcrdcking in the paste, coupled with the observation of filled air voids
and general pasfe expansion, suggested the presence of an additional
deterioration mechanism; however, this research has not explicitly defined
such a mechanism.

. Freeze-thaw damage appears to be the most probable explanation for the
deterioration observed in cores from [-35 in Story County. This deterioration
was most severe in cores taken from near the pavement joints and near a
crack in a vibrator trail. The paste portion of the deteriorated concrete often
appeared to be odd. Entrained-air voids, especiaily voids smaller than 100
um in diameter, were often filled with a sulfate bearing mineral that had «
chemical composition similar to ettringite. The concrete also tended to
contain a large proportion of entrapped air voids. Some paste regions
exhibited extensive microcracking plus sulfate-filed gaps around fine
aggregate particles. It is currently unclear if these observations indicate that
the freeze-thaw deterioration caused the paste expansion, which then
allowed the fransport of sulfates to the site, or if the sulfates initiated the paste
expansion which caused cracking and subsequent critical saturation of the
pavement. Alkali-silica reaction was observed in all of the core specimens
from [-35. This was due to the presence of shale particles in the fine
aggregate. The maximum shale content observed in the cores was 2.1%.
The coarse aggregate was sound in ol of the core samples. Very little altkali-
siica gel was observed in any of the cores. The macroscopic cracking
patterns observed in the cores tended to follow the periphery of aggregate
partficles and rarely intersected aggregate parficles. Hence, alkali-silica
reaction appeared to play a minor part in the deterioration.

3. The concrete specimens taken from 1-80 exhibited only minor deterioration.

Few macrocracks were observed during inspection, most of which appeared
to be related to the presence of vibrator trails (or segregation} in the
concrete. Alkali-silica reaction was cbserved in all of the core specimens
from -80. This was due to the presence of shale particles in the fine
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aggregate. The maximum shale content observed in the cores was 1.4%.
The coarse aggregate was sound in all of the core samples. Microcracking
was common in the cores taken from areas with vibrator trails. Some cracks
appeared o be related fo the cracked shale particles while other cracks
tended to follow the periphery of the aggregate particles. Sulfate-filled air
voids were also observed in these specimens; however, they were
considerably less prevalent than in other pavements fi.e., US 20 or 1-35).
Many features were observed that suggested poor mixing or plastic concrete
problems. Hence, it is difficult fo pinpoint which of these factors has played a
major role in the minor amount of deterioration that was observed.

4. Only one of the cores from the Betftendorf fast-track project in Scott County,
exhibited macrocracks (core 27}. Three of the cores {26, 27 and 28) exhibited
moderate to extensive microcracking. Some of the microcracks were filled
with etlringite and sometimes eltringite-filed gaps were observed between
‘aggregates and the cement paste. The cement paste appeared to be
highly distoried and air voids as large as 200 um were totally filled with
ettringite. Alkali-silica gel was also observed in three of the cores (25, 27 and
28}. The reactive aggregate appeared to be some shale particles in core 25.
The reactive aggregate appeared to be chert particles in cores 27 and 28.
Some distress was related to the presence of alkali-siica reaction. However,
the microcracks related to reactive aggregates tended to stop after a few
hundred microns while the ettringite filled microcracks extended milimeters
through the cement paste. This suggests that the cracking induced by alkali-
silica reaction did not play a major role in the distress. However, in this
particular case one may legitimately argue that any one of thvee different
mechanisms may have started the cracking (freeze and thaw, alkali-silica
reaction or sulfate expansion).

5. The cores from A 175 exhibited virfually no disfress {(no macrocracking).
- Alkali-silica reaction was noted in three of the cores. This was due to the
presence of shale particles in the fine aggregate, The distress adjacent fo
the shale particles was similar to that which was observed in the other cores
stfudied in this project. The void system looked excelient, dir content and
distribution looked good, and few voids were filled with etfringite.
Microcracks tended fo be very fine and typically propagated randomly

through the cement paste.,

6. The cores from US 169 were all severely macrocracked, The macrocracks
tended fo connect coarse aggregate particles. The cracks were not filled in
nearly all instances. No alkali-silica gel was observed in any of the samples.
Hence, this suggests that the most probable cause for the deterioration was
freeze-thaw damage in a frost-sensitive coarse aggregate (classic d-
cracking}. Many of the air voids appeared to be filled with sulfate minerals;
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however, the use sawn specimens, rather than ground and polished
specimens, restricted the observation of microcracking in the various
specimens.

The cores from IA 25 were all severely macrocracked. The macrocracks
tended to connect coarse aggregate particles. No alkali-siica gel was
observed in the samples. Hence, the most probable cause for the
deterioration appears to be freeze-thaw damage in a frost-sensitive coarse
aggregate (classic d-cracking). Many of the small air voids present in the
specimen appeared to be filled with sulfate minerals; however, the use sawn
specimens, rather than ground and polished specimens, restricied the
observation of microcracking in the various specimens.

The core from the fast-track project in Benton County (CMI-11} exhibited
virtually no distress (no macrocracking). The void system looked marginal to
adequate; however, the small entrained-air voids were filled with ettringite.
Microcracks tended to be fine and lypically propagated randomly through
the cement paste, sometimes connecting adjacent air voids.

The cores from County Road B in Hancock County, exhibited virtually no
distress (no macrocracking). Alkali-silica reaction was noted in the core. This
was mostly due to the presence of shale particles in the fine aggregate;
however, some other fine aggregate particles had cracked. The distress
adjacent to the shale particles was similar o that which was observed in-the
other cores studied in this project. The void system looked good, air content
looked high but distribution locked good, and few voids were filled with
effringite. Microcracks fended to be very fine and typicailly propagated
randomiy through the cement paste.

10.Little evidence was found of deicer {road salt) induced distress in any of the

cores specimens. X-ray analysis rarely indicated the presence of significant
amounts of chlorine in the specimens. However, it must also be stressed that
this study concentrated on specimens that were taken about one-inch, or
lower, below the top surface of the pavement cores; and hence, additional
work is needed to totally validate this claim.

.Construction practices {i.e., mixing, placement and curing techniques) and

the associated quality of concrete that was produced, appeared to vary
significantly throughout the cores investigated in ihis study. Cores from US 20,
I-35. 1-80, and the Bettendorf fast-track project, tended o contain many
artifacts {e.qg., segregation or vibrator trails, clusters of air voids, clusters of fly
ash and a large fraction of entrapped-air voids), that suggest thaf things
simply did not go well in the field during construction. it is currently difficult 1o
ascertain how large of an influence this had on the deterioration processes
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that were noted in the various pavements. However, in most instances, one
would expect that these construction related problems would accelerate
the onset of any given deterioration mechanism.

12. Many of the concrete specimens that were studied for this project contained
a considerable amount of small air voids {<150um) that were filled with a
sulfate mineral that had a chemical composition close to eftringite. Hence,
accurate air-void content deferminations would not be obtained with the
epoxy impregnation technique that is commonly used to increase the
contrast between the air voids and the cement paste. Note, that this same
bias would apply to any of the common automated image analysis
techniques that use air-void filling, via a powder or fluid, for contrast
enhancement. An accurate air-void determination should either account for
these voids by some type of direct measurement (i.e., a staining technigue
for light microscopy or elemental mapping for scanning electron

_ microscopy), or the voids should be cleaned prior fo analysis. Qur research
has indicated that it is often difficult to differentiate between filled air voids
and bulk cement paste as the size of the features decrease, this was
especially frue for light microscopy using polished sections (however,
scanning electron microscopy suffered similar limitations).  Without these
refinements the specimens will simply produce test results that indicate low
air contents; however, one will not be able to ascertain from such an analysis
if the air content is really low or if the voids have simply been filled.

RECOMMENDATIONS

Field Concrete

it is strongly recommended that every effort should be made to ensure v

the proper mixing and placement of the concrete used for the construction of
pavement slabs. Some of the deterioration processes that were noted in the
concrete core specimens, could be interpreted as having been significantly
Jinfluenced by the mixing, placement and finishing procedures employed during
construction. This research project has documented instances of segregation
(probable cause: excessive vibration), clumping of air voids {probable causes:
poor mixing, retempering or admixture incompatibility), and clumping of fly ash
{probable cause: poor mixing). All efforts must be directed at ensuring that a
homogeneous, workable concrefe mixture reaches the paver,

Much of the distortion that was observed in the concrete cores appeared
to be related to the void distribution that was created during the paving
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process. Hence, it is strongly recommended that efforts should be made to
obtain estimates of the hardened air content and the distribuiion of entrained-
gir voids present in concrele pavemenis. Refinement of the procedures
developed for this research project should produce rapid measurements that
could be used to provide feedback te contractors. This would provide an
additional mechanism for improving the quality of field concrete.

Finally, it is recommended that the protocol described in reference 8
should be followed when sampling concrete for routine analysis.  The
procedures and technical details pertinent 1o the selection and description of
test specimens have been outiined in detail, and they should provide a high
level of assurance that the core samples represent the concrete in question.

Concrete Materials

Distress was noted in some of the materials that were present in the cores
studied for this project. However, the distress was not convincing enough to
abandon the information that is currently coniained in existing service record
files. Service record is still the most reliable estimaie of durability, However, one
must temper the service record information {which was genercted over the
course of tens of years) with the following facts: (1) cement production
technigues have changed significantly in the past two decades; (2}
incorporation of chemical admixtures and fly ash into concrete pavements has
become routine; and (3} deicer salfs are liberally applied fo pavements during
inclement weather. These facts indicate a need for laboratory festing {io verify
berformonce, compatibility, etc. ); however, it is very difficult to find quick
laboratory tests that yield accurate information about field performance. This
was case for many of the pavements that were included in this study, all of the
materials independently passed the designated speciﬁccﬁons but yet the
concrete deferiorated prematurely. Whye For the simple reason fhat the
laboratory experiments never simulated the field concrete. This is another good

reason to spend more fime inspecting and evalualing the properties of

specimens obtained from real (field) concrete pavements.

Extensive laboratory testing has been conducted during the last 15 years
concerning the use of Class C fly ashes in concrete products. We have studied
how these fly ashes influence air void properties, strength, freeze-thaw durability,
sulfate resistance and alkali-siicate reactivity; and each study has generally
indicated that these fly ashes can play a beneficial role in concrete that is
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properly proportioned with portland cements commonly available in iowa. Yet
the reader should note that many of the pavements that exhibit premature
distress also contain fly ash. 1t is not known if this is due fo the fact that we now
mandate the use of fly ash in pavement projects {and hence, all good .and bad
pavements contain fly ash - so why don't they dll faile) or if some other
unforeseen [or unmeasured) factor is contributing to the deterioration, Hence, it
is recommended that a sericus altempf should be made to correlate field
performance with laboratory performance. The study should contain detailed
petrographic examinations because the results of this research (HR-358) have
indicated gross differences between concrete specimens prepared in @
laboratory and those cored from concrete pavements.

Also, some of the field related problems were probably caused {or at least
exacerbated) by materials problems involving poor workcbi%ify or premaiure
stiffening {false set). Our experience has indicated that these problems can
1ybiccﬂ[y be attributed fo an improper gypsum content in the cement (note that
the total sulfur trioxide content of the cement can be within specification limits
but the pariitioning of sulfur among several different compounds may cause
problems}. It is important to mention that Class C fiy ashes can also have a
detfrimental influence on fhese fypes of plastic concrete problems; however,
cements typically have a much greater influence than fly ashes. Hence, it is
recommended that efforts be made fo provide routine quantification of the
amount of gypsum (and other sulfate bearing phases for that matter) present in
cements. Differential scanning calorimetry and X—foy diffraction would be
suitable for performing these fypes of analysis. Both types of equipment could

- provide rapid information {less than one hour for analysis) that could help

_Ed@nﬁfy proeblematic cements.

Addifiongl Research o
This research project was of a preliminary nature; and hence, it has posed

many questions that need further research. For the purpose of brevity they will
simply be listed.

» Refinement of the procedures described in this report to provide quantitalive
information pertaining to void content and distribution plus information
pertaining to the quantity and crientation of cracks in concrete.
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« Quantification and categorization of the different ASR gels that have been
observed over the course of this study. This may lead o a befter
understanding of the swelling potentials of different gels and how they relate
to the deterioration observed in field concrete specimens. |

» Quantification of the amount of ellringite filled voids in concrete and how this
influences the rate at which concrete becomes critical saturated with water.
Does this play a major role in the freeze-thaw resistance of the concrete?

e Do soluble alkalis (particularly sodium and potassium sulfates and chlorides)
influence the movement of etfringite through the pore solution of concrete to
the entrained-air voids?

« Influence of the soluble aluminum and sulfates in Class C fly ashes on the
presence of ettringite in the enirained-air voids of concrete. How much of a
role does the glass phase of the fly ash play in the amount of soluble
aluminum that is iberatede

CLOSING COMMENTS

Cne feature that was common in many of the concrete cores exhibiting
distress was the presence of sulfate minerals in the enfrained-air voids. The
chemical composition of the material in the air voids was often quite close to
that which is characteristic of ettringite and the material typically exhibited a
fiorous morphology. Experts indicated that such an observation was not
uncommon and most petrographic examinatlion guides also suggested that
such observations should be documented because they may be important fo
understanding the deterioration mechanism. So we documented our
observations. However, such documentation was not considered a relevant
explanation for deterioration by some experis, while others failed to observe
such features in companion cores. Hence, our early observations were ignored.

The amount of void filling that was observed varied considerably from
sample o sample. Some of the samples had few air voids that were completely
filed {e.g. highway 175), while others had nearly all air voids smaller than 100
microns completely filled. In extreme cases air voids as large as 250 microns
had been completely filed. Hence, in some samples, void filing occurred on
both a macroscopic and a microscopic level. Occasionally, sulfates were also
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found around the periphery of some aggregate particles. Alkali-siica reaction
cannot cause features of this type. Instead, these fypes of features are normally
attributed o a cement paste mairix that has expanded {possibly due to frost
damage or sulfate related reactions). Such features may also be attributed to
poor consolidation during field construction.

Many of the cracks that were observed in the concrete core specimens
appeared {o be open (i.e., no apparent material filling the cracks). This was true
regardless of the sample preparation method that was employed prior to
observation. Often, the general cracking pattern tended o go around the
aggregate particles and through the cement paste and cir voids. Llittle
aggregate related cracking was apparent, except for the notorious shale
parficles (cracked shale particles, in close proximity with small amounts of ASR
gel, were observed in nearly all of the pavement cores in this study, even the
pavements which exhibited no deterioration).

Sometimes the cracking pattern around air voids suggested that
expansion had taken place within the air void. These voids were typically filled
with ettringite, as was noted by Marks and Dubberke [3]. Such features suggest
that secondary ettringite formation contributed to the microcracking. However,
an alternative interpretation of the feature can be formulated. Such an
interpretation wouid maintain that the void had become filled with water and
then subjected to freezing and thawing. Hence, the cracks were generated by
the expansion of water and then the ettringite precipitated in the void. This
alternative interpretation fails to account for the fact that the microcracks often
remain empty while only the air void has been filled wn‘h eﬁrmgﬁe such
preferential filing seems odd under such circumstances.

It is sad o say that this research project has shed litfle light on the potential
for secondary ettringite formation in concrete pavements. However, the
observations still stand, the voids are still filled, and it appears that the general
consensus about what this observation means may have chonged during the
course of this research project. More investigators appear to be observing
similar feqtures. A direct link 16 premature deterioration is still not evident but at
least questions are being raised.

New and more powerful equipment, such as that used in this study, was
not needed to make these observations., The new equipment did make the
observations easier to obtain, more fun o recheck, and simpler to document.
However, careful observations using light microscopy, coupled with some
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detailed chemical analysis of the material filing the voids, would have yielded
very similar results. The best way to express my optimism about what modern
analytical techniques can do for the study of concrete is to quote Katharine
Mather [11, see 169-A]; however, it is extremely troubling to note that the use of
these techniques have not migrated from concrete science to concrete
practice after thirty years. Why?

“The measure of progress and the resulls of the use of newer
technigues including X-ray diffraction, differential thermal analysis,
electron microscopy and electron diffraction are that the questions
listed above, and others, are obvious o me in 1965, although |
could not have formulated them in 1955
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APPENDIX A (SUMMARY OF CORE LOGS)
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WM oom o) oTRER .  Ocers Tlom FRom BT,

@Amﬁ\.g, SON\Q CWNACE TERESENT | aAce Y i

CALC A CARESIDAE Ao GRE GATE™

TOP

.
- - .
it e e e e e — o 3 S S M W8 B Sk e e+ o S e = e AP S p————— e A % Lk T AR SR S S A=y = b
C e --l :- T TN S LSS T A ML e s s e A e e R Y S e i S A e o i £ i s g S e -
. A s e et et A W s

|

> b

e s A & e S 4 = i e Ml 8 ma e it w hdre memw e s = mdham e b ——— n
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b J
SAMPLE IDENTIFICATION: 9, WeB&TER, UG, 520 Sta™ooy . EB IANE
GENERAL SAMPLE OBSERVATIONS:

Sample Dimensions: IO% om d‘g “QL‘S r 23 &m . 5Q,.,¢,‘+\.\_
Foll _dleb  Phicknesy

Surface condiﬁon:
Top- e Hmm Moy Ld\é'l'\g _h mm m&x@“\

loceked V402 owm  aparts
Bottom- _ Cagt on  non-Soit mm’r&n&\

Reinforcement: Neone, 'pre.c.e.n"\'

Cracks and Other -
Distinctive Features: No \aree Omg\g VIS ‘o\e ,

\orag \;9\55 noted

TSP

_m - l 1" Vz_" ' _ /lé "

-
- 3 v :
: - e e — e
. s e ke it it e e
- B T P - PN RSN - PR . b ene - -
. E e e :
o reum eie bbb e e e ——————
‘ v — e i (A $ 0 s s e bt ety b e s e i T @ o e A e 1 o . 5
—~ | - —— o e rarert:
- - WA ik g 3 g L % e b ) e mare g e bt . oo raer -~ l
e e ks e S > e raryr oy sk e e S it e e
- N TR i e w m— wa - — I . - e e SR —
: e e L :
| | - e e S e
- o, : e A v a—— s . e et A e
: R .
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HR - 358 Concrete Cores 1994
Wi

Rt T R SRR A R

vt

i
1

Y |  GENERAL SAMPLE OBSERVATIONS:
k=t I Sample Dimensions:

1O atn Daneler: ZZem , Lensthi

Far  5ueB thickne

- - Surface condition:
— Top- "Er\e&":ﬁﬁ com MRS QQT"'\\ Hem Max width

. S [ S
i H
. . . H e
—
PR Y

lecate 12 em  apart

Bottom- Cast on Non=SoiL W\Cdtrtg\‘

Reinforcement: R’&SEN}' dmr& 4-4"5 cem -me ba Hom

Cracks and Other

b Distinctive Features: \\35 \c\rﬂe_ O.mc.ks. \t\st\o\{
. . T

- - {‘JSC’. Uou‘) SPaces {\c“‘g_s;‘

i _QuT Lot TUDWNAL  SEOrIoN L. macl 95,

. TOP

lN

féﬁ

!

S o e ek e B i iy AL b i A e =

o !”ﬂ-
-]
i

H--.-.:.-.. LR T

SAMPLE IDENTIFICATION: 1O WeBsTER . US 520, STA 2004 EB U ,& L,

2'-«»........ B R i LT T S A

T R e e T o e k. ] et e B e ) A e Y e 1 e et St

i
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L-Mncrete Cores 1994 —
SAMPLE IDENTIFICATION: * I\ yeRSTeR 005,520, Sma 200N E8 (AVE. B
éENERAL SAMPLE OBSERVATIONS: . ’
; Sample Dimensions: ol em Q.M& o 12,5 em \4!\‘*\
‘f : ol clab e ckrey
P Surface condition: o L
= Top- TTingy ienex Qeoth  Zmm . wid¥
L ; © v ‘.va-‘-C:\;kJCg 2-ml em  Apert
i : E Bottom- émsf oh  Nop_soll matenal | Appeated
1 - ’ do Lo an mpression  From rew‘;ér:-@mn‘f boa £ on Lﬁn.\.
o Reinforcement.  Yotlernck covrox . G o Fraa \QQ%M
Cracks and Other :
: Distinctive Features: LARCE (up o Z.E}gv\\ VOIDY  WISTRD,
‘ o Mo LARGE CRACKE  — SMALL CRACKS ua-r-z_.s oN
} T IBVTIOM  SURFRCE  ExTEDING ALONG SI1DES  oF  Sieman b,
! MOST_oF bOGRESGATY  — CALCIOM  Cars, SomE  Sub Rl
3 WICLUSODS
| [T LONGITUDINAL SECTON  KMARCH 695
. | TOP
v
- D c B ~ A
R 1{
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HR - 358 Concrete Cores 1994

GENERAL SAMPLE OBSERVATIONS:
Sample Dimensions:

SAMPLE IDENTIFICATION: - 2 wegsrs, 0.5, 520 , ST 0o BB (A%

Ky Cwn 8‘;-.":40—‘ 23 \¢MA—\\

‘E_)\\ ‘-’x\c‘\Q J(S‘c\\ t.kl\e.SS

i
!
f.
3
M
E
q 4
it
a

Surface condition: _ .
Top- “Tines, Nax ___c)eo\’\’\ (o en o ( d1s appeuts vn_SOME ‘--M\
Mex 0% Sem Spuced ot  |woZem wderaels
| Bottom- C_o&‘l' Of\ __Aon-ga \ Ma‘\ref:tq\
Reinforceﬁ‘\ent: Neore Freseat
Cracks and Other | 5 bt

.

Distinctive Features:

Yop Svrc fqm

Qr&_c,k ¥ CCross “(\\Q \enc:\.\r\ o *Sr\g
QK\EQO\M‘ 7.0 cm u,négf sueface,

Crw;\( (RN

FOoRDNG  PERPEVDICO LaR  TO  TINES,

of

NMipesr

g ree ete Cedciom  Ceorio re @)/

[

\J
craeil  @anednt of  n.de present, Do 0P o

\.em

a v “""Q'J‘t( .

CoT  LOMG

TTUDIN AL TP

MARCR 95,

?

o 1 o s B 8 8RR S RATE W hpe e femnaE e m e e ded
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AW

Se——

SAMPLE IDENTIFICATION: *ls,wzgmm.u& s20, S™ WB, WB Lag

GENERAL SAMPLE OBSERVATIONS:

¥

L]
1
DU TR SO

Sample Dimensions: C 0N em, c‘.mmc‘\tf\‘ 3.5 \ue\-u\

Vb SLem wekve

e EE Surface condition:

Top- TS, Mg weEPTR U mk , Nag ()TTH

Spatkiy o L0 L om ‘\’Q TERMIALS
Bottom- TaST  on)  SANTD  SURGRMLE
Reinforcement: CWNen) DPRE ¢ RNT
Cracks and Other ' .
Distinctive Features: No  viLR g CRACUKING | Vong o

TR 2 em  DIAMETER . Cone@NTRATRD

1 'T'u'i

TP HALF  oF SPECHMEN,

’

OCur | onCairepat  Seeqion  magclh &S

W g e W L
* N e
v .

TOP >
b
1




' SAMPLE IDENTIFICATION: W Wemerer 05 520, STA 2020

GENERAL SAMPLE OBSERVATIONS:

" HR- 358 Concrete Cores 1004 P
OB UNE

TN Qg\ Q\c.g_e__-\c,r 23S em \easMy

Sample Dimensions:

@ e

;:)\..\.. L) "x:'\-uc..’t:'.-sQE.‘:S

Surface condition: .
Top- TTangES an &

h GamPLE | MAX DEPTU Umk

MAL DT Seam B e Tom

CuaveERIALS /-

Botom-  Cas o CARD  SOBGRADE

ThetEdT an RoToM A CiadMPLE

Reinforcement:

Cracks and Other L
W iSBE  QRACKWNG, Voiie

Distinctive Features:
e ro L em  DeamETRER, NoT M LR E

BP0 dT  OF Jos prgsEsT,

OuT__(ONGITUDINAL _ SEChoN  MARLR Gas

TOP

?
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LR - 358 Cqperete Cores 1994
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, | .
'SAMPLE IDENTIFICATION: Vo ut 520 WEBSTER, Stm 2070 B LANE
. l L]

’ GENERAL SAMPLE OBSERVATIONS:
! Sample Dimensions: 10N em di c..,m,&,'vaf A Y- lw{&\
. ] - ¥

Folh SUAaR  “THILR 8

Surface condition:
Top- Lafy,  Max DEPTH  Zmm  May WinTH Sam

G VL Cvn SPACING
Botom- __ \RREGuLWR L BAST oX GAND

IR R0 G
Reinforcement: PRULENT . APPROIMATELY o\ em FRoM
Vo e
Cracks and Other
Distinctive Features: e VisimE  CRACK( LeReRLT
Lol les TDIBMETER. New A CARGE AModWt

w———

OF Vol it s ey

Our | NG ODINAL_ SECTiow  MARCIL SS5,

?

TOR




SAMPLE aosnrm&o "“\Ln WERLSTER, .8, 520, 8Ta 2
GENERAL SAMPLE OBSERVATIONS:

109

HR - 358 Concrete Cores 1994 ‘ S~

220, WR \.& g

Sample Dimensions:

{01 em Alé\.mg.&'e.r ZQS:M

Foul SEAB Tuiee M8

Surface condition;: ___
Top- Laes, Mnas Deery s Mag ".

LI DT S @ i‘m‘;?;gm SPACI NG

Bottom- CAasT ol SOBGERADE

Reinforcement; New PreSenT
Cracks and Other
Distinctive Features: o O\EACJ::& VIStBE | YodS

WP T Z2em  heRosy MY PRESEST,

Cov \oNGITODINAL Cuemon  MARCA 195

TOP

laa th
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SAMPLE IDENTIFICATION: |7, WERSTER, U5, 820 , TTA 2208, WB LANE

GENERAL SAMPLE OBSERVATIONS:
Sample Dimensions: 10l em Dianereg, 23.7 co, LERGTH

Foll  GuaR TWCENES.

Surface condition:
Top-  TimeS Mey Pertin Bew . MAW o

oo, Q o 7 em  Sepcisds

Botton- (Caat  OW  QuNc Sewr  MATERIAL

Reinforcement:  JreierST, @ 0.5 e  EROM BASE

Cracks and Qther _
Distinctive Features: \Qt: A cenmcx\bla  LARGE

VO \ Zer piany SCATIEZED THRou G o i i?ﬁum"ﬁ’A r

Ao - Gl RE T Gl Sy CARELMMLTE. Wit Tl
<, HhL‘ie |
Qur omyTioNAL SRCTON  papRCH 1995,

VERY \ARGE VOIS NOTED oimib CRACK FEXTENDING o4
NN, PRRAURL 1O TR SRl e

v e ey

s 1
S
8 we.

=

- e
h,

I R,

gt = o

R ]
g o
raf e e
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HR - 358 ConcreteCores 1994 | [

SAMPLE IDENTIFICATION: 25 _()£2CTER, 0.5 520 STA zzc%a Lang

GENERAL SAMPLE OBSERVATIONS:
Sample Dimensions: 0 cm Womw, 225 cm  DedTy

Forl %@ Tuicik NELS

Surface condition: ( 5
Top-  ~rnBS  FAAK DEPTW QoM Max WIot S st |

1
o VAR e 1NTERUALS of V1o Zam, | 1
I

LoCr=1tE

Botom- _[acy on

MO %} SO IL-_-_ e‘")y‘a\bbﬂ'\ M»TEQ‘%

Reinforcement; NonN PrESENT
Cracks and Other j N
- Distinctive Features: Crocrs LoCamTE & o o
) 'i’"DP ot SapafPlE TERPEN PLCu A T, {
[

T 65, TagY Row ABOIT (oM LoeATED '
TP,  LAMESTDR Fo AGDREGNT !

CENTER  oF  saMPLE

O UONGITUTAL cecmiol  WMBRCY 8995,

TOP |

> ¥

4 -k

e

L e

< :

; L |

: | i

S —- RS _3_‘;.
SO o SO
S : - SR
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"
SAMPLE IDENTIFICATION: 21, DAuAS Co. . T-B0, STA 7264060 ER LAk
GENERAL SAMPLE OBSERVATIONS:

Sample Dimensions: \Ocl o Diamerer, 290 em | HNGTH

Fure  Sunl - ex el

Surface condition:
Top-  Twes, Mav ek Inm  Max WioTH  Ymm

@ _105-2.5 @ JOTERUALS
Bottom- _(OAeT o (pavel  SOf GRADE

Reinforcement: Von & PrelENT

Cracks and Other .
Distinctive Features: QRACKEN THROGH CEISTER ofF

TP _SORFACE FXTEWDINGE Sem  woTn SAMBLE.

TOP

-
e e e —— — e A u ae i = —— s ———— - [ - v ————
e e Al A e — L e b A S e W —— 4 e em e e i
o ok S S L i e o Wbk o TEE B b bl Al et U L e e L AL s b e b i o o o e R T o o



HR - 358 Concrete Cores 1994 s |

SAMPLE IDENTIFICATION: %22 Dauas (o, ,T-80 "STA T2+ (0 ER (AN !

GENERAL SAMPLE OBSERVATIONS:
Sample Dimensions: o.lam Trametel 30.Hem [€NaTH !

ot SuLaB TRICKMEY

Surface condition: {
Top-  TTmES, Max Deprn | mm  MaxWioti M mm

@ 1.5-2.5 opm  DRERVALS . [
Bottom- CAST oN  GiiRAVEL SUBCIRADE

Reinforcement: NoNE  Pagoe,sr
Cracks and Other | ! |
Distinctive Features: ORACK THROOGU “TOP SORFALE

EXTESDING: 2em  urn  SamPLE , Samkm |
HAS  AREAS WERE T 1S SPALLING OFF L {
\ODem From TOP , Bem @ 20em ACSO.

TOP > i,
. |

——
]
|

- b

D C B A \
- a
|
. . . o
- -aram R ———— - - - s e anra CRE --—-—;— - - l
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SAMPLE IDENTIFICATION: *23, Day ag Co. T30, S 726400 €8 \BNE .

GENERAL SAMPLE OBSERVATIONS:
Sample Dimensions:;

rp—

10o1 e TDiameTE R, 2, SemlENGT

Fow StrB  Thic kNESS

Surface condition:

Top-  "Liugs, Max Depovit Imm), Max Wior Hinn

@ 1.5 -2.5em  TOTERVALL

Bottom- QAs‘r‘ oN &MUE&. gt)

RADE

Reinforcement: NQQ ;3 %Eﬂ-‘g_ﬁ&r

[}

Crac_ks and Other
Distinctive Features:

No OrpCkS BoTED, voips

AROURD _MUCK of THE LARGER MBREGATIS, -

TOP

D ¢ B A

W e p—— 4 ———— kR AL bl bt v e e e b b e

T L L o e e o e e i v s e oF s i it
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HR - 358 ConcreteCurds 1994 . —— {

SAMPLE IDENTIFICATION: *‘Zg, Dayns @ T-80 . St T2 440, £8 LANE |

GENERAL SAMPLE OBSERVATIONS: !

Sample Dimensions: - Ilow DiamergR 8325 g._ﬁ L\EJJGT"‘I
| Yoo, SceB TRt neEX ‘

Surface condition: — j
Top- WES . Nop Mugupafide DEPTH, & Umw Wipw

G515 em ThHwwRIALS ' |
Bottom- QA;T' on GRAVEL SuB eRAnE

Reinforcement: Wra\g. PRESENT

SRR IR g Cracks and Other : .
I Distinctive Features: N ARACKA MERTERD,

Comy SPALLING WoT4 @ \Lg_,m FRom, 3TOP { A

2F  pMPLF,

. | | TOP |

e e e e et e e ]

- o 4=

_— - e . - - o . v - e e e s - am 31
{

e S A T

,,,,, | *___m\ , et e e e e e e e e T UL U S |

e . . ‘ ' N

' I
- . ;
{
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HR - 358 ConcréteCorts 1994

SAMPLE IDENTIFICATION: ‘*“ZS,S;QH Qo Bemenrer, STh 1208 | €B cang

GENERAL SAMPLE OBSERVATIONS:
Sample Dimensions: 1O _am DiameTRE 26om RN Ay

Forl SeaB Tk Wess

Surface condition:

Top-  TNES, A Yo PACING AR FanT

Bottom- (O A.S‘T oN  GRavsL SV 3@2&7%

Reinforcement: NORE  PRESENT

Cracks and Other _
Distinctive Features: o CRACLS NoTED

TOP

- i —_—— [ - - J— - ——— P e e e et 4 e
T - - - - —ur v M -
et P e - . ot i e it 4 e - T A e ¢ et b o s et e s s b et s et s mme s e e = e e e e ek ot s e e o
0 ')L-u—- R "““""‘““'."""' e e T o E TR T T IV UV  §
. . " * +
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SAMPLE IDENTIFICATION: #7265, Seo¥ QlBaﬂmegF S 1208 RBlank,

119

.

B e Ll T T T TR p———

GENERAL SAMPLE OBSERVATIONS:

Sample Dimensions:

10t e DinmrTeR , 26 om (AGTH

Tl < AR THICKPES

Surface condition;
Top-

.

—

TUWES | TANT RANDOM  SPac e () Hon B

Botom _(AST a1y GrAUFL SOBG RADE

Reinforcement: WowE  PrREsesT
Cracks and Other T ) . i
Distinctive Features: Yoo CRACKES NOTED
TOP >
D C B

o
. . s N .
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SAMPLE IDENTIFICATION: %27, Seoort Cs.  BeETrantnze ST 1208 LB A
GENERAL SAMPLE OBSERVATIONS: .
Sampie Dimensions: 2 e Dramstxe  28.Se, LEaagr
Fore Siar THICKES

Surface condition: — '
Top- TRNES, Too word Down My MEASURL

Bottom- {beT on  GRAXL SOBGRADY

Reinforcement: NoN € PreENT
. Cracks and Other ‘ )
- Distinctive Features: ORAGEEY  ON 1P < oRFPARE

PARALLEAL  TD TiREl L NOT B uTRWIDING
. APPRECIATLY poto  SAMPAA o

TOP

+
PO,

o
o«
i
3

R T P, |
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HR - 358CBicrete Cores 1994

SAMPLE IDENTIFICATION: & 28, Seam G. BeneutarE, S 1208, w8 LANE T
. - . . \

GENERAL SAMPLE OBSERVATIONS: ! . e
Sample Dimensions: Blewm Wiowd , 22cn LEAXATH [}
Fuce  Seep TThieks&l o

Surface condition: _ _ {
Top- . LWES D wu My ChDEN,_ O Sew Depth

lewm 0 D TRTERVALL f
Bottom- Caevy on GRAYE VB GRADE
’ o 0 l
- ’ Reinforcement:  MODWE. PresesT
- Cracks and Other ' '
Distinctive Features: Ne CeraCks P OTeD
!
) ) MORZ VoIS 1D YO V2 ofF SAMPLE . o
TR OGS MOT vigeY LaneE (W% e duw :ﬁer) . ‘ i
‘ |
TOP | ‘ [
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SAMPLE IDENTIFICATION: 24, Lovisa Ca,! CeGT  WB LANE : ? .

GENERAL SAMPLE OBSERVATIONS:

Sample Dimensions: 1Olom Dinmexer, (Yo Tem (are, 18 -
Buu, SLAB THICNES -

Surface condition:

Top "TNES |, Max TPt Swn Max cioTH
@ e - ‘_Z_c.:_,“m TN RS

—~ .
Bottom- CQAST o  Acpusiy -
‘: - Reinforcement; Norye PrECe™sT
I Cracks and Other '
. Distinctive Features; NO CrRACKING ROTED,
|
’ 1
TOP _ :
. > 1
i
o D ¢ B A |
1 ¢
e ! L W
b : : el
- F\L




_ HR ~ 358 Concrete Cores 1994

SAMPLE IDENTIFICATION: 20, Leves C, G2, DOBIARE

GENERAL SAMPLE OBSERVATIONS:

Sample Dimensions:_{f~ ,1 e /10T X Yo, Co cov Lﬁ-’_pc,ﬂlﬁ FU(.L,'&F&

Surface Conditions: .
Top- Ti'wﬂ»l) Copm ANAY DEPTE  Gmm Max, Ointh
+- Tosr _—
@ 0.2 T35 o INTERNALL

Reinforcement:  NIODR.  PRES N

Cracks and Other

Distinctive Features: __}Ld CRACKS PREEsN

Nefe  vims on  sacpcdss
Ll 7

TOP
? -
C B A
hareed
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HR - 358 Concrete Cores 1994

SAMPLE IDENTIFICATION: 3}, (0usA &, G=62, wB wang

GENERAIL SAMPLE OBSERVATIONS
Sample Dimensions:_ 0.1 erm WinTu X Nonmﬁwa o SLoE

Surface Conditions:

Top-Twgs, 2mn YA DePTH X Sum

B V- 205 em . TIERVALS

Max  wioru

Bottom-_ OAST oot - ASPUALT

Reinforcemem: Nong PrESNT
Cracks and Other |
Distinctive Fcatures '\—\0 C‘_RA-CJ;’ S Mo‘ﬂi}) QmP TA KE}J oUT

OF  woP (sl HAVE  OCCORRED  wouit Drieing)

Uoﬁ'e nlj(w/arvf’f?// ,p,n\,an Couit

o o
/F

-
TOP
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HR - 358 Concrete Cores 1994

SAMPLE IDENTIFICATION: 32, LOW\SA. CD,, Q-2 WE LANL

GENERAL SAMPLE OBSERVATIONS:

A25

le Dimensions: /) om LIt , MiDen LENGT
Sample Dimensions \ NGy TH . R AR ‘ ,

Surface Conditions:

- |
Top- TS o Ymu, MAx Depruy BSmn Mos WDy i

Q1" en THTERYAL

Bottom-_ Ozt oW ASP MM

Reinforcement; O TRELBNT

Cracks and Other
Distinctive Features:

Mo

S ARKS NoTED

TO0P

e T
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SAMPLE IDENTIFICATION: 22, LOWSA Q&a\ G-, e LAN £, 3&‘"&»

& GENERAL SAMPLE OBSERVATIONS:
Sample Dimensions:_{E 1} aa \M 1BTA N Vo, .5 e LENGTH Rl SLAR

Surface Conditions:

Top- ThMES, TBADLY  LOoRN  SORFACE

Bottom- QST OWN ASPUAT

Reinforcement: ™0 e PRESEMN T
Cracks and Other :
Distinctive Features: No cRACKS N Q‘T‘;.b v M <

S-ALL. Jowms LrOSIND AGEREGATE

;X+MM solf (! "9»—0@ San, s

Lol ot

{)4’2- L{’UL‘S :“'..,-J AA}GMMJ' d ”‘2;'(
TOP
—
D c Bl A
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HR - 358 Concrete Cores 1994

SAMPLE IDENTIFICATION: 24, Louisa Co, Cr-07 WR LaNE 2D Aesa

- GENERAL SAMPLE OBSERVATIONS:

Sample Dimensions:_{ O\ &m  WI0TW Mo &m {884Th Fuue SLa
) ¥

Surface Conditions:

Top- “Tu®Ss \ _ Haw \WERN TomPALg

prg et

S P Bottom_(CAST 013  ASPHALT
e L .

Reinforcement; ™NMOM ¢ R ESENT

Cracks and Other -
Distinctive Features: =0 QRACKS WOTED  DOMEPDT ~ pnfliL
LoV
TOP
D c Bil A

P

¥ o ot St

. . .
£t

Sk

-

T

e ——— e W

M *
P
3 W e

PR
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HR - 358 Concrete Cores 1994 ) i

SAMPLE IDENTIFICATION: 05, Louisa o, | Gi-G2 WR [sN%, Rap brEc
. . T ¥ - t

GENERAL SAMPLE OBSERVATIONS:
Sample Dimensions: 43,4 ¢ th: 1A cm LEMETR , Tl g

Surface Conditions: _ . -
Top- _~TpZS _ BADLY 12BN 4 pRar TS Dby,

= \c_m-( e - S \ew % Lem

Bottom- CAST On  ASPLRACT

_ Reinforcement; ¥O0ME. PRESENT .

Cracks and Other .
Distinct“ive Features: }50 Cito> T o 0‘\“‘1@)} Y\) UM E(Z(}_O"; T uw‘;

TOP




T

i
¥
-
i
i
!
3
i
!
i
i

3
1
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HR - 358 Concrete Cores 1994 . , !

SAMPLE IDENTIFICATION: 3o, Lounse: Ca, GrbZ, W8 LANE , Dap hREM ;

GENERAL SAMPLE OBSERVATIONS: } .
. Sample Dimensions: {Ch {1 L)lﬁi-l:}b cm LENGTU ; ol SomB

Surface Conditions:

P B _‘N"‘-v— -, Ll
Top- Ting §  RAR? Wi, w700 = Zemy Zew

Bottom- CAST OwW  MLeAACT

Reinforcement: NOMNE  PRESENT

. ?
A crackl, Pomagns

el Vi

Cracks and Other

sr e Loiy N : {
Distinctive Features: SEWES ST I § VA \

- ‘-’F"?
R RS R W o

L. :_;_:3::{, I:—n \ ‘J ! ‘\

—
N
LIy

TOP t

e e e

A T M el e e et e A o heek o]

T o IR
‘ R UV

e e e e o T

A A — - T - A me g . A m s A g

T A e s o e o

A e 4 amaman e

D i T Ty

1
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HR - 358 Concrete Cores 1994

SAMPLE IDENTIFICATION:ﬁj MAD IS Co., DS (o‘i SIA 224+ 20, SE LANE :
ok, bad ama) :

GENERAL SAMPLE OBSERVATIONS: 14
Sample Dimensions: A0\ e WADTH , AP?QO& H,S v me ol SLAE

A

Surface Conditions: o an : i
TopTINES, VIR il s

*©

Botom- (JAST™ON _ BRAVEL  SyB GRADK
Reinforcement: 000 TRECEDOT

Cracks and Other | ) ‘ ] :
Distinctive Features: COV\PLE.TQ,U) BRo PQ}J RS Vaese = EFS

Teak ¥l @A5cn fRom TSP & FL D A Gem Frem R
Nomigovs  OTUER  CRACKS | ALL DARAGWRL TO
--e-‘i'b“\ >|: o

M"Z,a

— -
TTCOk,  SAMPLE erENRCUuLar S €

C

RFALE , N\

&3 ¢ . @ -y R

A

".‘
"~
R
- -
\\\
e
(. e—
e e e o = o+ x| A Tt i b ¢k s o T T ¢ i e i

e . A L e e e o s R e kY Mt e e e cueem 2B daet L ik w ) -
O e e
e e e ot e et mmemi aee im mn o ———tk bt s e b s e e bELe s m e e i R M aps e b snie

O L oo e e e e . e een arepen ...,,_.-._..__-..«“.,_....,-...... -
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HR - 358 Concrete Cores 1994 _ . ‘ |

SAMPLE IDENTIFICATION: 28 Mamisn) Ca,, US IR, S 224rz200 | B (ANE |

‘ ("\\d .Pa!i&\ f W) s APPREXK, l
GENERAL SAMPLE OBSERVATIONS: v

Szmple Dimensions: |0\ cm WioTH , 2D om Lirem el LR (1

1

Surface Conditions: i .
Top-_"TNEL | ?_:Ab_g:g DR i

- Bottom-__ {657 o) Coyzhi Bl Sl GrRADE . {

Reinforcement: 3> W B (B giy WYV

- Cracks and Other - ' ' ' i '
Distinctive Features: __ SR & 2 §. 5 o) FRrom Tov guk".F}-‘-‘.(JI‘—:‘_I

. [ g
DTRRIL CRACKS  hovie s Tima Nabi 0 T~ SAMRY 1
ThB STt THE ompacE L DU, A

CRALGL 3 TP Talidh ACE P PR QAL T l

TTREL T oor g CEAYLNG T Doud o mkgi

¢

&~
3 A
1

1

|
L& E
e
; ! SRE |
' i

11 1.

R
e S e
\8._ ;":'_ﬁ e O B
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HR - 358 Concrete Cores 1994 : -

SAMPLE IDENTIFICATION: 39, MADISon Co,, (G (69, S 220+00 } SB LANE

: ‘(loimt ares, tets bed g
GENERAL SAMPLE OBSERVATIONS: )mr R N

Sample Dimensions: D1\ g w: Q RZhiem LEIGTH | Ful S(eap

Sl ”;s;"'} _ Surface Conditions: * 1-3"\“\
o Top- TS, QLoSeLe 9?%0 BADLY DR

Y Bottom- QAST OR G RAVEL Sod@Eeaps
Reinforcement: Y0NS Pl lasar

b Cracks and Other
- ) Distinctive Features: O % acic{ PR L TTD ey P FACE

TAROYCH 0T CAMPLL,  BROKER @ reRoy T+ 13 .,

Lo TOP CORFACLE » A ZmAlL CRACK N —oP
{ SORCANL  HRPEeiCou=d 10 TIhES »

- - L2 P2 SR W m

\ i "ép _
N D B[] A

hrar resm e tesm Ak bm o wm e mms b omirE . . .

P pesp—————_ T

e s = ———— i ey s v
i ¥
[T Sy par St
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HR - 358 Concrete Cores 1994 . ‘.
SAMPLE IDENTIFICATION: SO Mavigon Cs, ()

, 0 o VS 169, < 220+00 S8 LANE l
Ovin pangg + LESS 3e0)
GENERAL SAMPLE OBSERVATION

Sample Dimensions; |

|
S WO, 4 20 en 15 3 Yy Siae |
Surface Conditions:

Top- TiNFS ™ Bass

: =P LDARNY PR STRRT WG I

Cracks and Ot}ler\\\\

Distinctive Features: ()

az-%cx COMPETELY “MNRouwA SaaPLE

e
FACE,  Coeg as

F -
N

- Rl Ty,
T e - —

A et it o,
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HR - 358 Concrete Cores 1994

""" ' F sAMPLE DENTIFICATION: Hl Wamu vond Co. , TATTE, S 10, €8 ume,
i (MO panad, tsoeé S\ WY
GENERAL SAMPLE OBSERVATIONS: -

Sample Dimensions: 3.\ em WM, 20, Z oun LENGTW, | oL g\,r:;g

Surface Conditions:

B Top- TREL | T M#KW; W MAY WIDTH
N i @ 1-15 e VOTERUALS

Tl Bottom- QAST ON) * (oRaves  SUBGRADE
‘  Reinforcement:__hIBWE- W

_m . : - Cracks and Other 7 )
) , Distinf;fivc Featres: NS ORACKR NEYED,  LARGLE VO D;w

w0 ((ZemX Tmm . SunyBan) NSTED . SWAE  contedT

)

CREN D WAGY .

B B S el 1o T R PR

TOP

B O s
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HR - 358 Concrete Cores 1994

SAMPLE IDENTIFICATION: 17, M AMiLTOR (o, TH 175, e \10, ER umi

(jorn¥, fowd, 'FI5 c-‘.‘\)
1 GENERAL SAMPLE OBSERVATIONS:
AR Sample Dimensions:_{,\ ea \MITW | 4 Dem me-.m, Vo GSuag

sa i | ‘ )

et Lm Surface Conditions: : ~
L Top-_TES, (. mm MAEW“‘A“ 1200 M WSTH
A @ O =T em  INTRERWML |

4. : ) Bottom- Q&S’\' o\ @g_.b-t){.\— Q-LJEOE/\‘?E

ﬁ .  Reinforcement;___ PO & TJ}Z.ESF-‘W |

Cracks and Other
Dzstmctwe Features: pD GRACKX ROTRD FUM UO!\’::S

C-.FPm‘i () C‘%aue’f‘*ﬁr‘ &\Jm%n" it 3 Cﬁ:""w

Htm;

TOP

D N e S

. e e - —ed 2
- . - s |
S RO -
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HR - 358 Concrete Cores 1994

SAMPLE IDENTIFICATION:L sion o, INTS STA 180+ 20,58 LANK
' (md pantd | et T Sront) )

GENERAL SAMPLE OBSERVATIONS: :
Sample Dimensions: |O\\est  WADTH  22.es (B3GTR, Foy SR E-

Surface Conditions: < g _ -
Top__Seacote  SOURTACSE | Pogtipuy OIS

33124
Bottom-_(nST ol ComPACER oL Sorearmap&

Reinforcement:  ]OMFL. Ve oS

Cracks and Other
_ Distinctive Features: (. R ALKED TUROUGH  corg &= .5 T

_TEPTW Foom TOP SORFACE.  SARMARL TS TOP
CAD BRI AENG SAMRE (10 T AL ES s
OVREZ. Chrpl v ORNOKNG PArLau & TD TOF kbt
@ W, % 2105 ' 15.5 em . Frem TOF gokitel
]
i = ?
) 3

-

~

.r_nr_ﬁf“'
'?

= )

P e e R S A m Sk b WL S WE —miie e ek o e m wm e e o " E
TmA S r e alb Ak hm sl e e A b w4 ke 44 5 e n e b oy

-0 e R S .
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SR p— : SAMPLE IDENTIFICATION; 11, Uvhow) Co., Ia 25, STA 1304 0o, &7 LANC
— b 7 M- Conid pored ‘C,\n.ﬁ l "3'0‘*&)
' | GENERAL SAMPLE OBSERVATIONS: o _ )
Sample Dimensions:_¥Jelgu Tt 5 ) L IR RO LEAGHTR ; Fiig sl

Surface Conditions: | - .
Top_SpmooTi  TOP  SUREACE , OVERLAID

Lt oA T
!wL\ N Y I T

A Bottom-

e e p— Reinforcement; i\-ﬁuwz ChEERN

_ . - Cracks and Other ) .
) Distinctive Features:_ TL-3 T ol =~ T1O FS ROEGLE ,Tab

SN _TToutold ARrRef.  Dea TTAGK L) TR TR0 M ETOR
L Clatnl Prpmuie . OP coRfact &

\ - ™ . ¥ - - . 4
LS S Cea A T U0 o T me GGaTES *-:—AQ‘ ING

W et . ke

i o
PRl
k]

L]
-t LN
o e e e e e
L - e s e - e e ¢ e i et L R PRI

NPT S e e

T 4 et e e e e oo 1

i - e b b o & .
' . B . g

cra il e ee gam e oa T et b1a e n e e t——————— et e e e e mt ah e i e e e ek enn

HR - 358 Concrete Cores 1994 : t .
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HR - 358 Concrete Cores 1994

SAWLEH)ENTI’FICATION LS, Vo (n,, IAS | ST 2‘3\+oo S% LMl

i af\-!..l class |} ﬁc»g)
GENERAL SANIPLE OBSERVATIONS

SampieDuncnswns {Q;l Coen WITTW Wit gw LENC-;T'“, . S

Surface Conditions: .
Top-  Symeer i NI e R Y L AR N Lo TR Ve Yt

ASP I AT

. , Bottom-__ 2 /T oyl CotPACTELD Soul T GRAE (L

 1 o ' Reinforcement; M owrE Precpat

”
Cracks and Other
R Distinctive Features: N\ \ W SHEetien Conwsa HmETLLY QRQ/ABULD

LR S o~ e we dean
-_,l_s}: - ,._.fl' '?. .':--\a.

; : EE SN —s
D42 P TR 2, Lava 1R E LA T

CRats oW HG Phravi el T Tos SoORTac

LRt - L g - - s b " \
TRy N EC,.Y-':N—‘ R Y PR S » 2

CaTRebde WAL 1D AAVE  soraf AGERELGRYE TrEL o5

Hitd RTINS

WAL

Lo
[ e e o e e e T R e e it s e e o A % 1o 22 70 bt o+t 1 1k = eom o e e eem et 5 e v i . @
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HR 7'_358 Concrete Cores 1994

]

- SAMPLE IDENTIFICATION: Qo Bucssan s (o, 0S, 20, S 5460 €8 (ANE

omi’. Vi RRATOR. 'rl"t.hu.)
GENERAL SAMPLE OBSERVATIONS:

Sample Dimensions: 17 e WIDTH . 22,5 o Leogtn , B SAR
. .

Surface Conditions:

- Top-_Tue S, 2o Ehry O PYU A, Eone N*m Wi DTH

@ - 20m TutRpUMLS

Bottom- C 2457+ o) Brsy _CDORS&'. L/ ALPAmY B AL

Reinforcement: i}\:’f'lg)"?_ Vexs I3

Cracks and Other :
Distinctive Features; ™0 CRACjes TS Sy < NENTROUS

oY GRS e (4 5 ax Cw\ R T R Mm‘"ﬁb AtzooNd

LARCIT £ (o Uy -3'.: (o ime ] Y,

raee ¥ 1op
——

- - R ) . NG "
ISNES) OO A CRo~L LelTier i DL LDVRSE
E - c,a. LD ke ',2.__.-
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140

- SAMPLE IDENTIFICATION: 47, BoCHANAN Co,  11$, 20, 4T 137+60 EJBLJM{
(Carun PRt UL B, mr-cc..§
GENERAL SAMPLE OBSERVATTONS:

Sample Dimensions: {01 Gwm LMoty 2R.8%cum Lesdath . Yo Suse

Surface Conditions: :
Top- \m% AR TDEPTIN  Tmm, MaN v»/vm-\ Smm

@ 072 - Y cen_marveguris,
Bottom- CAST oyl "Bacy  CouRSE | O/  ESveALT SEAL

Reinforcement: W ORE PRESE )T

' Cracks and Other
l?istinctive Features: QRACKZD 63_ 05cm Foow BegE VO\DS ConcewTRasaid

PROOWY  POGHGREGATE Mlse ok o S POE
Tiom  @aSE  CoOoRSE .

5.7
[
7
I?C-«.H'. eyl
> TIONT  TaAks
L ' BASE  Coamsw. QAT
D c B A
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HR. - 358 Congrete Cores 1994

W ARy

Al

o SAI\&PLEIDENTIFICA’I’ION B Bocisarian Coo VS 20 Sta, 5700 €8 UME
- (m.o Pm-.lu. PO g TTRALY
. GENERAL SAMPLE OBSERVATIONS:

_ '_ Samplermensmns O { o WD, 23o5m LENGTH, o, See

L Y

' - ' Surface Conditions:
R Top TAnES, Hme MaxDeeru, (mw. MN\ le‘n’h

S ) \-Zewmn \NYERUAS

Bottom T “BACE 2PN
Reinforcement: Nong PRESEIT
; Cracks and Other

Distinctive Features: P C-MQZS WDOSTED . A LARGE N0 BEP
AF ZOoIDS CoOWCERTRATED ASMRoOQMND LARGE
A GRECIATE o

TR

[ ———

O

._,:..\w___.;._‘_.lc

N

et

,.
; ;
Pl
;1 ! i
’ H . i
AR AL LI
H

¥
aray
1

——.

7

Erirs

e

py=ta
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. HR-358 Concrete Cores 1994 - i

' SAMPLE IDENTIFICATION; ‘-|°l Buaianan Co., V.S 20, SP3IBBIGYH | BB Lag. .
L;c:\h’r !-'D ViR TR-ML) .

i

GENERAL SAWLEQBSERVATIONS:
Sample Diménsions:_{©\ Gm NlD‘I‘{i; 2850 LenG™, Yoo, Sea

Surface Conditions: '
Top__ 2 me_ MMax w (pmm M bY u-l\b’T‘H

(@ |- 2 e THTERVALS
Bottorn-_ CAST ov  Wewm Rusk CounrSE W ASPHRALT SEAL

Reinforcement; GRiNFORCEMENT @ “Batf ot &R

-

‘Cracks and Other

. Distinctive Features: No QAL NOTEY. VOVDS c:-,m.:.;_g__:m'rtz.ﬁr‘;d)
AZo0oWD Al (R 8 G T,

TOP
D c Bl A
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HR ~ 358 Concrete. Corcs 1994

SAMPLE IDENTIFICATION: 50, Bociiasand Qo.. US.20, STe 385+6Y &8 LN*E

(oD PAREL, vie TRAILY
GENERAL SAMPLE OBSERVATIONS:

Sample Dimensions: 0.1 em Wt")ﬂ-\i 20.7. im LENGTH , Foc S8 l _

Surface Conditions: : ; ’
Top-_Jied5 S, Hmm Moy “Dg_;rm, lomm Max WisTh

@ I- 2 em Torerusts

Bottom- QAST oW [N em  BASE Covrsf Y BSPUBLT SEAL 1
Reinforcement: WONE. T PRESENT™ ' i

Cracks and Other : . o
Distinctive Features: OYU:-C.K @ ] cm FrzoM TOP (pMmay HAVE

THEER TWE RESVLT OF  PRYING  BASE CousSE ofF ) mzauf

MOME 2208
NTENT 'T'T-"sz;)c,u. SAMPLEs  VOIDS

EONCHNTRATEY |
PRoUFD AGCHREGATE. MANY VOIS (»  AGaREGE

STRAROVGH oJT B a3TW2E SMPLEQ $

ToP |
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 HR - 358 Concrete Cores 1994 ,
- SAMPLE IDENTIFICATION: 5 | Boc MAN AN Co., LS. 20, STP 28546y EE M€ v

W{um’r Vif3 -Trz.mt.)
GENERAL SAMPLE OBSERVATIONS:

Sample Dimensions: |G \ ¢m WieTe . Wem \—E})Cﬁ'\l WLJ._ cLng

Surface Conditions: ‘ ' . .
Top-TTNES  MAN DEPTH Ymm, pAAL WIBTH £ 01 :

. @ Y- T om  LWITERZ USCS

' Bottom-__(CAST 00 Gem RASE Coo;ase, W/ ASPUNTC C::-*A.L
Reinforcement; I OR%. ?ZEQE«NT .

Cracks and Other ‘
- Distinctive Features: Mo CRACKS odoTED, APPROYMATELY

[ em ~oF SPallinf, OCCORED o0 Papr oF

Ty, SamPLE RBoTWoM,e APELZC TO WAVE

ACGREGATE  RYNS,  Voile 11 Man] oF A.C:xs:z.eﬁ.,um)

S VOIRS D PASYE  EONCEPTRTE  ARsND ASeRESATE
' v

TOP

?

ot o 9
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HR - 358 Concrete Cores 1994

SAMPLE IDENTIFICATION: 52 "b‘uc_t-\w aN (o, ,05 20, STn 385+6Y, EB 'l
(M\‘D Ponge | PO VIR -rru:.n.)

GENERAL SAMPLE OBSERVATIONS:

Sample Dimensions:_1D, 1 em \WITTH X 205 oM CEROTH | FOLL SLAB

Surface Conditions:
Top- T €S, A TRPTH YHmm, MA\L LWITH Smm,

@ -2 em ToTEROSCS,

Bottom-CAST o0 10om BASE CovrsE Y/ ASPHALT SE&(
Reinforcement:__WOWE  TIRRESEWNT™

Cracks and Other
Distinctive Features: fopckyd 05em M'ZQM Bomom OF Gam(PLE

W/ DME ePall OFF, VOIDS CoNCESTRATED ARcoND
AOOREGATE »  ISSD, WoIDS B Much  ofF  AGERECATZ,

TOP

e s, i
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HR - 358 Concrete Cores 1994

SAMPLE IDENTIFICATION: 53, Bucuanan Co., US. 2o, STA 285+ oy, EB LA!{
(JouT (P2 VIR TRAL)

GENERAL SAMPLE OBSERVATIONS:
Sample Dimensions: 186} g W (DTH 20em (ENGTH, FolL SLPEB

- Surface Conditions: |
B Top- T.»ES M AYX ?{:P TH q..,mJ MAYK W ST SMM

@ L2 em TWTERUALS
Bottom-CAST 6N 1Dem BASE CooeSE w/ /bsv'm..r‘ SEM
m ] Reinforcement: o E  PRECENVY

Cracks and Other 7
Distinctive Features ’J O CRACKS wWoTwRD. Voibs CDH'—WW

ARRpOD Y MEGREGATE. AKO  voDS 1) Aaocid
oOF ACUIEGATE. LARGE 00D S conCfi WTRATLY
¥ TTOP Ve oF TesTE.

TOP
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APPENDIX B (SUMMARY OF SHALE COUNTS)



Core 1
135 .
Story County

Section A
Section B Top Surface
Section B Bottom Surface
Section C Top Surface:
Section C Bottom Surface
‘Section D

sum

Section L
Face 1
‘Depth

1"
om
3»
4»
5"
eﬂ
6.57
sum

Seclion L
Face 2
Depth

1"
2"
o
4"
g
6"
6.5"
sum

Section L
Face 3
Depth

g
o
g
4"
5"
6"
6.5"
sum

Section L
Face 4
Depth

1"
2"
3
4
g
&
6.57
sum

Average Pergent Shale

Total
Area
{mm*2)
8107
8107
B107
B107
8107
8107
48643.92

Tolal
Area
(mm*2)
2581
2581
2581
2581
2581
2581
1280
16774

Total
Area.
{mm"2)
2581
2581
2581
2581
2581
2581
1290
16774

Total
Area
{mm*2)
2581
2581
2581
2581
2581
2581
1290
16774

Total
Area
{mm"2)
2581
2581
2581
2581
2581
2581
1290
16774

diameter

1.14

Largest
Shale
{mm)

N

3.5

L7 ]

Largest
Shale
{mm}

MNMRRWWOON

Largest
Shaie .
{mm)

~nnluon

" Largest

Shale
{mm)

OF B G b=

Largest
Shale
{mm)

1 ey L X RN

149

Number per Shale
of Shale (mm*2)

7
7
1

-t

7
5
9

Number per Shale
of Shale  (mm*2)

NAAOWW

Number per Shale
of Shale  (mm*2)

W hwhd

Number per Shale

of Shale

MR CG B N

Number per Shale

of Shale

B R G B OV En I

check
1.135053

Area

314
18.63
7.07
9.62
3.4
7.07

Area

3.14
19.63
0.00
7.07
7.07
3.4
3.14

Area

C 3.4
50.27
7.07
.62
3.14
3.14
0.78

Area

(mm"2)
0.79
12.57
12.57
7.07
12.57
18.63
7.07

Area

(mm*2)
35.48
7.07
7.07
3.14
0.79
0.79
19.63

Total
Area of
Shale
(mm*2)
21.99
137.44
77.75
67.35
181
63.62
383.86

Total
Area of
Shale
(mmh2)
09.42
§8.90
0.00
28.27
35,34
12.57
6.28
150.80

Total
Area of
Shale
(mm*2)
18.85
100.53
2121
38.48
942
16.71
2.36
206.56

Total
Area of
Shale
(mm*2)
1.57
50.27
62.83
42 41
2513
98.17
14.14
294,52

Totai
Area of
Shale
{(mm*2)
153.94
35.34
42.41
12.57
2.36
1.57
39.27
28745

Percent
Shale
0.27
1.70
0.96
0.83
019
0.78

Percent
-Shale
0.37
2.28
0.00
1.10
1.37
0.49
0.49

Percent
Shale
0.73
3.90
0.82
149
0.37
0.61 .

0.18

Percent
Shale
0.06
1.95
2,43
1.64
0.97
3.80
1.10

Percent
Shale
5.97
1.37
1.64
0.49
0.0
0.08
3.04

Average

0.789129

Average

- 0.86955

Average

1.156501

Average

1.708665

Average

1.808663
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Core 2
I-35 .
Story County
Total
Total  Largest Area  Areaof Average
Area Shale  Number perShale Shale  Percemt
{mm*2} (mm} ofShale {mm*2} {(mm*2) Shale
Section A 8107 3 g 7.07 63.62 018
Sectlion B Top Surface 8107 25 7 4.0 34.36 0.42
Section B Bottom Surface 8107 3 10 707 70.69 0.87
Section  Top Surface 8107 3 5 7.07 35.34 0.44
Section C Bottom Surface 8107 4 & 12.57 75.40 0.93
Section D 8107 2 it 3.14 34.56 0.43
sum 48643.92 313.96 0.645431
Total
Seclion L Totat  Largest Area  Area of Average
Face 1 Area Shale  Number perShale Shale  Percent
Depth {(mm*2) (mm) of Shale (mm"2)  (mm*2)} Shale
™ 2581 5 - 1863  117.81 4.57
2" 2581 4 ] 12.57 62.83 243
3" 2581 0 0 0.00 0.00 0.00
4" 2581 1 2 079 + 157 0.06
5" 2581 1 3 0.79 2.36 0.08
6" 2581 4 2 12.87 2513 0.97
sum 15484 209.70 1.354324
Total
Section L Yotal  Largest Area Area of Average
Face 2 Area Shale  Number per Shale Shale Percent
Depth {mm*2) {mm} ofShale (mMm*2) (mm*2) Shale
1 2581 2 4 .3.44 12.57 0.49
2" 2581 8 5 19.63 98,17 3.80
3" 2581 0 4] 0.00 0.00 ¢.c0
4" 2681 3 3 7.07 21.21 0.82
5" 2581 3 3 7.07 21.21 0.82
" 2581 3.5 & 9.62 48.11 1.86
sum 15484 201.26 1.299796
Total
Section L Total Largest Area  Areaof Average
Face 3 Area Shale  Number perShale Shale Percent
Depth (mm*2}  (mm) of Shale (mm*2) (mm"2} Shale
1 2581 2.5 3 4.91 14.73 0.57
' 2581 2 4 3.14 12.57 0.49
3 2581 4] c 0.00 0.00 0.00
4" 2581 55 4 23.76 85.03 3.68
5" 2581 2 4 314 12.57 .49
g" 2581 2 6 3.14 18.85 073
sum 15484 153.74 0.892917
Total
Section L Total Largest Area Area of Average
Face 4 Area Shale  Number perShale Shale Percent
Depth {mm*2)  (mm} ofShale {mm*2) (mm*2) Shale -
1" 2581 2 5 314 15.71 .61
2" 2581 3 6 7.07 42.41 1.64
3 2581 o 0 0.00 0.00 0.00
A" 2581 3.5 T g.62 67.35 261
&" 25814 1 1 0.7¢ 078 003
&" 2581 2 4 3.14 12.57 .49
sum 15484 138.82 0.896542
diameter check
Average Petcent Shale 0.92 - 0.82014




Core 3
i-35
Story County

Section A
Section B Top Surface
Section B Bottom Surface
Section C Top Surface
Section C'Bottom Surface
Section D

sum

Section L,
Face 1
Depth

e
o
g
o
g
&
6.5"
sum

Section 1.
Face 2
Bepth

1
2"
P
4"
5
&
B.5"
sum-

Section L
Face 3
Depth

1"
on
g
4
P
g"
6.5"
sum

Section L
Face 4
Depth

1
20
3
4"
5
&
B.5"
sum

Average Percent Shale

Total
Area
{mm*2)
8107

. 8107
8107
8107
8107
8107

48643.92

Total
Area
{mmt2)
2581
2581
2561
2581
2581
2581
1290
16774

Total
Area
(mm*2)
2581
2581
2581
2581
2581
2581
1280
16774

Total
Area
(mm*2)
2581
2581
2581
2581
2581
2581
1280
16774

diameter

1.89

Largest
Shale
{mm)

P A S AN

Largest
Shale
{mm}

2

h RN

Largest
Shale
(rm)

R B N ]

Largest
Shale
(mm)

LU S I L A S N

Largest
Shale
(mm)

2

WMo

151

Area
Number per Shate
of Shale (mm*2)
8 12.57
7 12.57
8 3.14
" 7.07
16 12.57
7 12.57
Area
Number per Shaie .
of Shale: (mm*2)
7 314
7 3.14
8 3.14
-4 3.14
6 0.79
8 19.63
5 19.83
Area
Number per Shale
of Shale (mm*2)
4 314
4 0.79
8 12.57
7 3.14
2 0.79
6 3.4
7 0.79
Area
Number per Shafe
of Shale  (mm*2)
10 12.57
6 7.07
g 7.07
9 19.63
? 19.63
4 3.14
& 3.14
Area
Number per Shale
of Shale {mm"2)
4 314
g 19.63
5 7.07
6 28.27
8 7.07
7 7.07
6 3.14
check
1.905998

Totat
Area of
Shale
{rm*2)
100.53
87.96
25.13
77.75
201.06
87.96
580.41

Total
Area of
Shale
{mm"2)
21.89
21.99
25.13
12.57
4.1
157.08
98.17
341,65

Total
Area of
Shale
{mm*2)
12.57
3.14
100.53
21.99
1.57
18.85
5.50
164.15

Total
Area of
Shale
{mm*2)
125.66
42.41
63.62
176.71
13744
12.57
18.85
577.27

Total
Area of
Shale
{mm*2)
12,57
176.71
42.41
169.85

" 5655

49.45
18.85
526.22

Percent
Shale
1.24
1.09
0.31
0.86
248
1.09

Percent
Shale
0.85
0.85
0.97
.49
0.18
6.08
7.61

Percent
Shale
0.49
0.12
3.90
0.85
0.06
0.73
0.43

Percent

Shale
487
1.64
247
6.85
5.33
0.48
1.48

Percent
Shale
0.49
6.85

6.57
2.19
1.92
1.46

Average

1.183179

Average

2.434739

Average

0.939114

Average

3.209941

Average

3.017337



Core 4
1-35
Story County

Section A
Section B Top Surface
Section B Bottom Surface
Section C Top Surface
Section C Bottem Surface
Section D

sum

Section L.
Face 1
Depth

1 n
Pe
30!
4«
5ﬂ
P
8.75"
sum

Saction L.
Face 2
Depth

1 n
v
"
e
g
sn
6.75"
sum

Section L.
Face 3
" Depth

2"
g
4"
5"
"

6.75"

sum

Section |
Face 4
Depth

1“
Py
aﬂ
4"
5
&
6.75"
sum

Average Percent Shale

Total
Area
(mm*2)
8107
8107
8107
8107
8107
8107
48643.92

Total
Area
(mmt2)
2581
2581
2581
2581
2581
2581
1935
17419

Total
Area
{mm"2)
2581
2581
2581
2581
2581
2581
1835
17419

Total
Area
{mm*2}
2581
2581
2581
2581
2581
2581
1938
17419

Totat
Area
{mm*2)
2581
2581
2581
2581,
2581
2581
1935
17419

diamater

0.99

Largest
Shale
{mm)

25

3
3

6.5

2
5

Largest
‘Shale
{ram)

[~
thwwwn

Largest
Shale
{mm}

SRR N

Largest
Shale
{(mm}

Largest
Shals

” .
HNU‘MN#&

{mm

who B3 LD CHh LN M
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Number per Shale
of Shale {mm*2)

10
]
10

[--JF -]

Number per Shale
of Shale (mm*2)

WhaMWMN BN

Number per Shale
of Shale  (mm*2)

- e DLW

Number per Shale
of Shate (mm*2)

2

2
3
2
2
3
3

Number per Shale

Area

4.91
7.07
7.07
33.18.
3.14
19.63

Area

3.14
3.4
107
3.14
a62
12.87
314

Area

3.14
3.14
7.07
3.14
314
1.07
0.78

Area

707
12.57
3.14
314
862
3.14
7.07

Area

of Shale (mm"2)

RND RO L

check
0.97883

3.14
3.14
7.07
19.63
7.07
314
0.7¢

Totat
Area of
Shale
{mm*2}

49.08

42.41
70.69
208.65
12.87
157.08
630.48

Total
Arga of
Shale
{mm*2)
6.28
12.57
14.14
8.42
48.11
50.27
9.42

150.21

Total
Area of
Shale
(mm*2)
0.42
042
42.41
842
15.7%
2827
0.79
11545

Total
Area of
Shale
{mmA2)
14.14
2513
8.42
6.28
19.24
g4z
2121
104.85

~Totat
Area of
Shale
(mm*2)
12.57
6.28
14.14
88.17
14.14
18.85
1.57
165.72

Percent
Shale
0.61
.52
087
368
0.16
1.84

Percent
Shaie
0.24
0.49
0.55
0.37
1.86
1.95
0.49

Percent
Shale
0.37
0.37
1.64
0.37
0.81
1.10
0.04

Percent
Shale
0.55
0.87
.37
0.24
0.78
0.37
1.10

Percent
Shale
.49
0.24
0.55
3.80
0.55
073
0.08

Average

1.296109

Average

0.548888

Average

0.640568

Average

0.619554

Average

0.920273




Core' 5
1-35
Story County

Saction A
Section B Top Surface
Section B Bottom Surface
Section C Top Surface
Section C Bottom Surface
Section D

suUm

Section L.
Face 1
Depth

1
2"
e
4"
5
6"
6.5"
sum

Section L
Face 2
Bepth

1 L
o
3
4"
5
&
68.5"
SUMm

Section L
Face 3
Depth

1"

Section L.
Face 4
Depth

1"
2?:
3{‘

Average Percent Shale

Total
Area
{mm*2)
8107
8107
8107
8107
8107
8107

| 4BB43.92

Total
Area
{mm*2)
2581
2581
2581
2581
2581
2581
1290
16774

Total
Area
{mm"2)
2581
2581
2581
2581
2581
2581
1290
16774

Total
Area
{mm*2)
2581
2581
2581
2581
2581
2581
1290
16774

Total
Area
(mm*2)
2581
2581
2581
2581
2581
2581
12850
16774

diameter

1.38

Largest

Shale
(mm)

PR W W -

Largest

Shale
{mm}

AN GGNNG

Largest
Shale
(mm}

w
NMM&NMm

Largest
Shale
(mm)

[
b‘NNNmU’iN

Largest
Shale
(mm)

LY L3 R N

153

Number per Shale
of Shile (mm*2)

6

8
g
8
e
5

Number per Shale
of Shale (mm*2)

e AW~

Number per Shale

of Shale
10

6
19
4
4
5
3

Number per Shale

of Shale

M~ coMm

Number per Shale

of Shale

MR-l oN

check
1.506578

Area

0.70
707
7.07
3.14
28.27
3.14

Area

18.63
3.14
34
7.07
3.14

12.57

19.63

Area

{(mm*2)
9.62
3.14
3.4
7.07
3.4
3.14
314

Area

{mm*2)
3.14
19.63
19.63
314
3.14
3.14
9.62

Area

(mm*2)
7.07
3.14
0.79
3.14
314
707
7.07

Total
Area of
Shale
(mm*2)
4
56.55
63.62
.27
254 47
16.711
423.33

Total
Area of
Shale
(mm*2)
137.44
842
15.711
2827
18.85
100.53
117.8%
428.04

Total
Area of
Shale
{mm*2}
86.21

- 18.85

31.42
28.27
12.57
16,71
9.42
21245

Total
Area of
Shale
{mm*2)
18.85
157.08
98.17
15.71
15.71
21.98
76.97
404 .48

Totai
Area of
Shale
{mm"2)
14.14
28.27
0.79
21.99
15.71
35.34
28.27
144.51

Percent
Shale
0.06
0.70
0.78
0.35
3.14

0.19

Percent
Shate
533
0.37
0.61
1.10
0.73
3.90
9.13

Percent
SBhale
373
.73
1.22
1.10
0.49
0.61
0.73

Percent
Shale
0.73
6.08
3.80
0.61
0.61
0.85
5.97

Percent
Shale
0.55
1.10
0.03
0.85
0.61
1.37
2,19

Average

0.870262

Average

3.021685

Average

1.228239

Average

2.66517

Average

0.956505



Core 8
I-35
Story County

Section A ‘
Section B Top Surface
Section B Bottom Surface
Section C Top Surface
Section C Bottom Surface
‘Section D

sum

Section L

Section L
Face 2
Depth

- Section L
Face 3
Depth

Py
a4
3"
4"
5
&
6.5"
St

Section L
Face 4
Depth

1
P
o
pe
&
&
&.5"
sum

Average Percent Shale

Total
Area
{mm*2)
8107
8107
8107
8107
8107
8107
48643.92

Totai
Area
{rm*2)
2581
2581
2581
2581
2581
2581
1290
16774

Total
Area
(ram*2)
2581
2581
2681
2581
2581
2581
1280
16774

Total
Area
{mm*2)
2581
2581
2581
2581
2581
2581
1280
16774

Total
Area
{mm"2)
2581
2581
2581
2581
2581
2581
1290
16774

diameter

1.12

{.argest
Shale
(mm}

4

4
3
3
2
3

Largest
Shale
{mm)

3

RN RN W

Largest
Shale
(mm)

MNMLONMDN=N

Largest
Shale
(mm)

LURZA NI VA L

Largest
Shale
(mm)

N

- =R
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Number per Shale
of Shale (mm*2)

16
15
5
13 -
15
16

Number per Shale
of Shale (mm*2)

4

oW,

Number per Shale
of Shale (mm*2)

D bW

Number per Shale
of Shale  (mm*2)

O3 D B B W Ay

Number per Shale
of Shale (mm*2)

3

4
6
4
7
8
3

check
1.119134

Area

12.57
12.57
7.07
7.07
314
1.07

Area

1.07
.07
3.14
3.14
7.07
3.14
3.14

Area

3.14
0.79
3.14
3.14
314
7.07
3.14

Area

3.14
3.14
3.14
0.79
0.78
7.07
314

Area

3.14
314
7.07
3.14
0.79
19.63
0.79

Total
Area of
Shale
{mm*2)
188.50
188.50
35.34
91.89
4712
113.10

664.45

Total
Area of
Shale
{mm*2)
28.27
35.34
3.14
842
49.48
151
18.71
157.08

Total
Area of
Shale
{mm*2)
942
3.83
12.57
18.85
12.57
42.41
18.85
118.60

Total
Area of
Shale
{mm*2)
16.71
12.57
9.42
1.57
3.14
63.62
9.42
116.45

Total
Area of
Shala
{mm*2}
9.42
12.57
42.41
12.57
5.50
187.08
2.36
241.90

Percent

Shale
2.33
2.33
0.44
113
0.58
1.40

Percent
Shale
1.40
1.37
0.12
0.37
1.82
0.61
1.22

Percent
Shale
0.37
015
0.49
0.73
0.48
1.64
1.46

Percent
Shale
0.61
0.49
0.37
0.06
0.12
2.47
0.73

Average

1.36694

Average

D.956505

Average

0.760856

Average

- 0.691292

Percent
Shale
0.37
0.49
1.64
0.49
021
6.09
0.18

Average

1.35216



Core 7
1-35
Siory County

Section A
Section B Top Surface
Section B Bottorn Surface
Section C Top Surface
Section C Bottom Surface
Section D

sum

Section L.
Face 1
Depth

1”
on
3
4"
5
&"
6.5"
sum

Section {.
Face 2
Depth

1
zh
g
41!

5"
&
6.5"
sum

Section L
Face 3
Depth

1"
2"
3
e
g
&
6.5"
sum

Section L
Face 4
Depth

4
on
gn
4"
g
&
6.5"
sum

Average Percent Shale

Totat
Area
{mm*2)
8107
8107
8107
8107
8107
8107
48643.92

Total
Area
{mm*2)
2581
2581
2581
2581
2581
2581
1280
16774

Total
Area
(mm*2)
2581
2581
2581
2581
2581
2581
© 1290

16774

Totai
Area
(mm*2)
2581
2581
2581
2581
2581
2581
1290
16774

Total
Area
(mm*2}
2581
2581
2581
25814
2581
2581
1280
16774

1.45

Larpest

Shale
{mm)

PN L3N

L.argest
Shale
{mmy

N A LR R Lt

Largest
Shale
{mm)

NN - BN

Largest
Shaie
{men)

[FAE N IR LI RIS

Largest
Shale
{(mm)

[ A N NI R R

155

Area
Number per Shale
of Shale (mmA2)
11 18.63
a9 7.07
8 1.07
12 12.57
6 3.14
" 3.14
Area
Number per Shale
of Shale  (mm*2)
4 7.07
8 19.63
6 314
5 3.14
4 7.07
5 3.14
5 314
Area
Number per Shale
of Shale (mm*2)
8 3.14
10 3.14
6 7.07
7 12.57
9 .79
7 3.14
3 3.14
Area
Number per Shale
of Shale: (mm*2)
9 12.57
5 3.14
9 314
7 3.14
9 314
8 12.57
4 7.07
Area
Number per Shale
of Shale (mm*2)
g 19.63
7 314
6 3.14
4 12.57
4 3.14
3 12.57
5 7.07
check
1.448215

Totat
Area of
Shale
{mm*2)
215.98
63.62
56.55
150.80
18.85
34.56
540.35

Total
Area of
Shale
{rmm*2)
28.27
157.08
18.85
15.71
28.27
15.71
15.71
279.60

Total
Area of
Shale
{mm*2}
2513
31.42
42.41
87.98
7.07
21.99
8.42

© 22541

Totai
Area of
Shate
{mm*2)
113.10
18,71
28.27
21.89
28.27
100.53
28.27
336.15

Total
Area of
Shale
{mm*2)
117.8%
21.99
18.85
50.27
12.57
37.70
35.34
294.52

Percent
Shale
2.66
0.78
0.70
1.86
0.23
043

Percent
Shale
1.10
6.08
0.73
0.61
1.10
0.81
1.22

Percent
Shale
0.97
1.22
1.64
3.41
0.27
0.85
073

Percent
Shale
4.38
0.61
1.10
0.85
1.10
3.90
2.19

Percent
Shale
4.57
0.85
0.73
1.95
0.48
1.46
2.74

Average

1.110836

Average

1.634763

Average

1.289977

Average

2.017355

Average

1.826054



Core 8§
135
Story County
Total
Area
(mmA2)
Section A 8107
Section B Top Surface 8107
Section B Bottom Surface 8107
Section C Top Surface 8107
Section C Bottom Surface 8107
Section b 8107
sum . 43643.92
Section L. Total
Face 1 Area
Depth {mm*2)
1" 2581
ar . 2581
Ky 2581
4" 2581
5" 2581
8" 2581
6.5" ) 1280
sum 16774
Section L. Total
Fage 2 _ - Area
Depth . {mm*2)
1 2581
2» : 2581
3" . 2581
4" 2581
5" 2581
a" 2581
£.5" 1200
sum 16774
Section L Total
Face 3 Area
Depth {mm*2)
1" 2581
2! . 258t
3" 2581
4" 2581
5" 2581
6" 2581
6.5" 1290
sum 16774
Section L Totat
Face 4 Area
Depih {mm*2)
1 2581
2° © 258
3" ' 2581
4" 2581
5" 2581
6" 2581
6.5" 12480
sum 16774

Average Percent Shale 2.06

Largest

Shale
({mm)
4

(AR IF .

Largest
Shale
{mm)

M AR MR

Largest
Shale
(mm}

PO U RO o= L G

Largest
Shate
(mmy}

DN BB BN

Largest
Shale
(mmy)

hArRobrRORNNN

156

Number per Shaie
of Shale (mm*2)

13
16
12
13
10
10

Number per Shale
of Shale (mm*2)

8
10
13

b 00D

Number per Shale
of Shale  (mm*2)

5

R e R

Number per Shale
of Shale (mm*2)

MmO~

Mumber per Shale
of Shale (mm*2)

DM d O

check
2104246

Area

12.57
7.07

28.27

12.57
19.63
7.07

Area

314
314
3.14
12.57
12.67
3.14
3.14

Area

12.57
7.07
7.07
0.79
3.14

19.63
3.14

Area

314
12.57
12.57

3.14
12.57

3.14

7.07

Area

3.14
3.14
3.14
3.14
12.57
3.14
12.57

Total
Area of
Shale
{mm*2)
163.36
113.10
339.28
163.36
196.35
70.69
1046.15

Total
Area of
Shaie
{mm*2)
2513
N4z
40.84
113.10
100.83°
18.85
12.57
342.43

Total
Area of
Shale
(mm*2)
62.83
827
63.62
4,71
37.70
157.08
12.57
366.78

Total
Area of
Shale
{mmA*2)
21.89
113.10
87.98
18.85
75.40
21.99
35.34
374.63

Total
Area of
Shale
(mm*2)
16.71
18.85
12.57
12.587
75.40
15.71
100.53
251.33

Percent
Shale
2.02
1.40
4.19
202
242
0.87

Percent
Shale
0.97
1.22
1.58
4.38
3.90
0.73
0.97

Percent
Shale
243
1.10
247
0.18
1.46
6.09
0.97

Percent
Shale
0.85
4.38
3.41
0.73
2.92
085

2,74

Percent
Shale
0.61
0.73
0.49
0.49
2.62
0.61
7.79

Average

2.150629

Average

1.965182

Average -

2.098863

Average

2.269525

Average

1.947791



157
UPDATED with proper calculation for area ON 10-2.85

Core 10
.S, 520
Webster County
Calculated by TP using diameter
Total
Total  Largest Area Area of Average
Area Shaie  Number  per Shale Shale  Percent
(mm*2)  (mm)  ofShale {(mm*2) {mm*2) Shale -
Section A ' 8107 2 [ 314 18.85 023
Section B Top Surface 8107 3 10 7.07 70.69 0.87
Section B Bottom Surface 8107 8 11 50.27 85282 6.82
Section C Top Surface 8107 1.5 3 1.77 5.30 0.07
Section C Bottom Surface 8107 & 3 1663 58.90 0.73
. Section D 8107 4 5 12.57 62.83 078
sum 48643,92 769.49 £.581891
) . Total )
Section L Total Largest Area  Areaof Average
Face 1 Arga Shale  Number perShate Shale Percent’
Bepth {fmm*2} {mm) ofShale (mm*2) {mMm*2) Shale
1" 2581 b4 2 314 6.28 0.24
b 2581 3 3 7.07 21.21 0.82
3 2581 2 § 3.14 15.71 0.614
4" 2581 2 ¥ 3.14 9.42 0.37
5" 2581 1 2 0.79 1.57 0.06
g" 2581 2 3 3.14 9.42 0.37
sum 15484 63.62 0.410862
Total
Section L Total  Larges! Area  Areaof Average
Face 2 : Area Shale  Number perShale Shale Percent
Depth . {(mmr2)  (mm) of Shaie (mm*2) (mm*2)}  Shale
L 2581 5 2 18.63 38.27 1.52
ra 2581 4 6 12.57 75.40 282
3" 2581 ] 4 28.27 11310 4.38
4" 2581 3 3 .07 21.21 0.82
g 2581 1 [ 079 471 o.18
6" 2581 2 3 3.14 842 6.37
sum 15484 ) 28311 1.699245
Tota
Section & Tota! Largest Area Area of Average
Face 3 Area Shale  Number perShale Shale Percent
Depth {mm*2}  (mm) of Shale (mm*2) (mm*2) Shale
1" 2581 2 2 3.14 5.28 0.24
2" 2581 2 4 314 12.57 0.49
3" » 2581 2 3 314 542 0.37
4" - ] 2581 28 5 8.16 30.79 1.19
5" 2581 2 7 314 21.99 Q.85
8" 2581 3 5 7.07 35.34 1.37
sum 15484 116.40 . 0.751726
Total
Section L Total Largest Area Area of Average
Face 4 Area Shale  Number perShale Shale Percent ‘
Pepth {mm*2) {mm) ofShale {mm*2) (mm*2) Shale
1 2581 2 2 3.14 6.28 0.24
Fa 2581 2 2 314 6.28 024
3 2581 1 3 0.79 2.36 0.08
4" 2581 2 3 3.14 9.42 037
5" 2581 2 2 3.14 6.28 0.24
6" 2581 1 3 0.79 2.36 0.08
sum 15484 32.99 0.21304
diameter check

Average Percent Shale 3.13 1.126432
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Core 11
u.s. 520
Webster County
Total
Total  Largest Area  Area of Average
Area Shale  Number perShale Shale Percent
(mm*2) (mm} of Shate {(mm*2) (mm"2} Shale
Section A 8107 2 g 314 28.27 0.35
Section B Top Surface 8107 4 5 12.87 62.83 0.78
Section B Boftom Surface 8107 2 4 3.14 12.57 0.16
Section C Top Surface 8107 4 3 12.57 37.70 047
Section C Bottom Surface 8107 25 4 4.91 19.63 0.24
Section D 8107 2 6 3.14 18.85 023
sum 48643.92 179.86 0.36974
Total
Section L Total  largest Area  Areaof Average
Face 1 Area Shale Number perShale Shale Percent
Depth {mm*2y  (mm) of Shale (mm*2) (mm*2) Shale
™" 25681 2 8 3.14 25.13 0.97
ar 2581 1 6 079 4.71 0.18
3" 2581 1 2 .79 1.57 0.06
4" . 2581 35 6 9.62 57.73 2.24
5" 2581 27 4 573 22.80 .88
8" 2581 2 ] 314 18.85 0.73
sum 15484 130.89 0.845362
Total
Section L Total  Larpest Area . Area of Average
Face 2 Area Shale  Number per Shale Shale Percent
Depth : {(mm*2) (mm) of Shale (mm*2) (mm*2) Shaie
1" 2581 5 5 19.63 98.17 3.80
. 2581 2 7 314 21.99 0.85
3 . 2581 1 3 079 2.36 0.08
4 2581 4 6 12.57 7540 292
5" 2581 2 2 314 6.28 0.24
6" 2581 1 3 0.7¢ 2.36 0.09
sum 15484 206.56 1.334034
‘ Total
Section L Total  Largest Area Area of Average
Face3 Area Shale  Number perShale Shale ~Percent
Depth {mm*2) (mm) of Shale (mm*2) (mm"2) Shale
i 2581 1 6 Q.78 471 0.18
2" 2581 1 2 079 1.57 0.08
3" 2581 1 L 0.79 3.93 015 ¢
4" 2581 2.5 4 4,91 19.63 0.76
5" 2581 2 4 3.14 12.57 0.49
8" : 2581 3 7 7.07 49.48 1.82
sum 15484 91.89 0.593468
Total
Section L Total Largest Area Area of Average
Face 4 Area Shale Number perShate Shale Percent
Depth (mm*2)  (mm} of Shale (mm*2) (mm*2) Shale .
1" 2581 2 3 3.14 8.42 .37
2" 2581 1 4 0.79 3.14 g.12
3" 2581 2 4 3.14 12.57 0.49
4" 2581 1 3 0.79 2.38 0.09
5" 2581 3.5 5 a.82 48.11 1.86
8" 2581 3 3 7.07 21.21 0.82
sum 15484 96.80 0.62517
diameter check

Average Percent Shale 0.64 0.638459



Core 13
U.8. 520
Webster County

Section A

Section 8 Yop Surface
Section B Bettom Surface
Section C Top Surface
Section: C Bottom Surface

- Section D -

sum

Section L
Face 1
Depth

e
o
3.
40!
5
g
sum

Section L
Face 2
Depth

qn
o
3"
4
&
&
sum

Section L
Face 3
Depth
1
Py
3
4
&
g
sum

Section L
Face 4
Depth.

o
on
g
e
g
&
sum

Average Percent Shale

Totaf
Area
(mm*2)
8107
8107
8107
8107
8107
8107
48643.92

Yotal
Area
(mmh2)
2581
2581
2581
2581
2581
2581
15484

Total
Area
{mm*2)
2581
2581
25814
2581
2584
2581
15484

Total
Area
{mm*2)
2581
2581
2581
2581
2581
2581
15484

Tota}
Area
{tmm*2)
2581
2581
2581
2581
2581
2581
15484

diameter
1.18

Largest
Shala
{mm)

5

8.5
35
3
2
2

lLargest
Shale
{mm)

Paamaa

Largest
Shale
{mm}

R MR NN

Largest
Shale
{mm)

..MN_.{;_;

Largest
Shate
(mm)

159

Area
Number per Shale
of Shale  (mm*2)
9 19,63
] 23.76
] 8.62
6 7.07
7 3.14
4 314
Area
Number per Shale
of Shale {mm*2)
1 0.79
5 19.63
& 3.14
3 0.79
4 12.57
& 70.88
Area
Number per Shale
of Shale (mm*2)
8 3.14
3 314
3 314
2 314
2 314
4 19.63
. Area
Number per Shale
of Shale  {mm*2)
3 0.79
1 1.77
4 0.78
5 3,14
3 314
4 0.78
Area
Number per Shale
of Shate  {mm*2)
1 0.7¢
2 7.07
5 1.77
4 r.ot
2 107
2 962
check
1.475123

Total
Area of
Shale
{mm*2)
176.71
142.55
57.73
4241
21.89
12.57
453.96

Total
Arga of
Shale
{mmh2)
0.79
98.17
18.85
2.36

50.27

425.29
§95.72

Total
Area of
Shale
(mm*2)
18.85
942
8.42
6.28
6.28
78.54
128.81

Total
Area of
Shale
(mmh2}
236
117

15.71
9.42
3.44

35.54

Totat
Area of
Shale
(mmA*2)
0.9
14.14
8.84
28.27
14.14
18.24
85.41

Percent
Shale
218
1.76
.M
0.52
0.27
0.16

Percent
Shale
0.03
3.80
0.73
0.09

16.48

Percent
Shate
0.73
0.37
0.37
0.24
0.24
3.04

Percent
Shale
0.08
0.07
0.12
0.61
0.37
0.12

Percent
Shale
0.03
0.5
0.34
£.10
0.55
0.75

Average

0.933231

Average

3.847395

Average

(.831868

Average

0.229525

Average

0.551621



Core 14
U.8. 520
Waebster County

Section A
Section B Top Surface
Section B Bottom Surface
Section ¢ Top Surface
Section C Bottom Surface
‘Section

sum

Section L.
Face 1
Dapth

1
o
3
4
g
&
sum

Section L
Face 2
Depth

1

o
3"
&
5"
g"

sum

Section L
Face 3
Depth

1o
a0

4"
g

SLHT

Section L
Face 4
Depth

o
vy
3
a
5
&
sum

Average Percent Shale

Total
Area
(mm*2)
8107
8107
3 1erd
8107
8107
8107
4B8643.92

Total
Araa
{mm"2)
2581
2581
25814
2581
2581
2581
15484

Totat
Area
{mm*2)
2581
2581
2581
2681
2581
2581
15484

Total
Area
{mm*2)
2581
2581
2581
2581
2581
2581
15484

Total
Area
{mm*2)
2581
2581
2581
2581
2581
2581
15484

diameter
1.37

Largas!
Shals
(mm)

D WA

Largest
Shale
{mm})

N = DW=

160

Number per Shale
(mmh2}

of Shale

o

3
8
M
6

—

4

Number per Shale

of Shale

A A

Largest

Shale
{rmm}

[

Larges!
Shale
(rmm)

- wWwh NN

Largest
Shale
{mm)

NN, -

Number per Shale

of Shale

[P AR . ]

Number per Shaie

of Shale

Nwwewd-

Number per Shale

of Shate
2
12
4

5
5
4

check
1.363302

Area

12.57
0.79
314
19.63
7.97
28.27

Area

{mm*2)
344
0.79
1.07
7.07
0.79
3.14

Area

{(mm*2}
4.91
12.67
3.14
707
0.78
3.14

Area

{mm*2}
314
3.14
12.57
7.07
7.07
0.79

Area

{mm*2)
0.73
19.63
19.63
3.14
7.07
3.14

Totat
Area of
Shatle
{mm*2)
100.53
4

- 2513
137.44

42.41
395.84
706.07

Total
Area of
Shale
{mm*2)
2189
314
56.56
28.27
$.57
21.99
133,52

Tota!
Area of
Shale
{mm*2)
24.54
100.53
12.57
21121
3.93
9.42

172,20

Total
Area of
Shate
(mm*2)
2198
18.85
37.70
2.2
2121
1.57

122.52 ¢

Tota!
Area of
Shale
{mm*2}
1.57
235.62
78.54
1571
35.34
12.57
379.35

Parcent
Shale
1.24
0.06
0.31
1.70
0.52
4.83

Percent
Shale
0.85
0.12
218
1.10
0.06
0.85

Percent
Shale
0.95
3.90
0.48
0.82
0.15
0.37

Percent
Shale
0.85
073
1.46
0.82
0.82

Percent
Shale
0.08
8.13

a.61
1.37
0.48

Avarage

1.451513

Average

0.862303

Average

1.112118

Average

0.79129

Average

2.449956



Core 15
U.8. 520
Webster County

Section A
Section B Top Surface
Section B Bottom Surface
Section C Top Surface
Section C Bottom Surface
Section D

sum

Section L
Face 1
Depth

1'!
o
3l|
4"
5“
6"
TII
sum

Section L
Face 2
Depth

1
o
g

Section L
Face 3
Depth

1ﬂ
o
g
pe
5
"
70‘
sum

Section L
Face 4

" Average Pergent Shale

Total
Area
{mm*2)
8107
8107
8107
8107
8107
8107

48643.92

Total
Area
{mm"2}
2581
2581
2581
2581
2581
2581
2581
18064

Totat
Area
{mm*2)
2581
2581
2581

2581 -

. 2581

2581
2581
18064

Total

Area -

{mm"2)

Total
Area
{mm"2)
2581
2581
2581
2581
2581
2581
2581
18064

diameter

0.83

Largast
Shale
{mmy)

o
UNumm.A

Largest
Shale
{mm)

[
MR N R o

Largest
Shate
(mm)

PR =R WA

Largels!
Shale
{mm)

A I B (L2

Largest

Shale
(mm}

- 0D e GO B A

161

Number per Shale

of Shale
4

4
7
8
8

1"

Number per Shale

of Shale
5

[+ Q- N

Number per Shale

of Shale

[ARSR R R )

Number per Shale

of Shale

DO WO

Number per Shale

of Shale
4

4
3
4
2
3
3

check
0.833011

Area

{mm"2)
0.79
33.18
19.63
1.07
3.14
7.07

Area

{mm?*2}
4.91
7.07
3.14
314
707
314
3.14

Area

(mm*2)
12,57
7.07
3.14
3.14
0.79
314
3.14

Area

{mm*2)
707
3.14
0.79

19.63
3.14
3.14
0.79

Area

{mm*2)}
3.14
314
707
12.57
7.07
0.79
0.79

Total
Area of
Shale
{mm*2}
314
132.73
137.44
56.55
25.13
7775
432.75

Total
Area of
Shale
{mm*2)
24.54
28.27
18.85
15.71
28.27
12.57
16.71
143.92

Total
Area of
Shale
{mm*2)
75.40
35.34
15.71
15.71
1.57
9.42
9.42
162.58

Total
Arga of
Shale
{mm*2)
28.27
18.85
2,38
176.71
25.13
18.85
3.14
273.32

Total
Area of
Shale
{mm"2)
12.57
12.57
21.24
50.27
14.14
236
2.36
115.45

Percent
Shale
0.04
1.64
170
0.70
0.31
0.96

Percent

“Shale
0.85
1.40
0.73
0.61
1.10

0.49

0.61

Percent
Shale
2.82
1.37
0.61
0.61
0.05
0.37
0.37

Percent
Shale
1.10
0.73
0.08
6.85
0.97
0.73
0.12

Percent
Shale
0.49
0.49
0.82
1.96
0.55
0.09
0.08

Average

0.888637

Average

"0.796725

Average

0.800984

Average

1.513016

Average -

0639119



Core 16
U.S. 520.
Webster County

Section A
Section B Top Surface
Section B Bottom Surface
Section C Top Surface
Section C Bottom Surface
‘Section D

sum

Section L
Face {
Depth

1'0
2ﬂ
3”
40
. 5"
&
6.5"
sum

Section L
Face 2
Depth

1
o
"
4"
5
&
6.5"
sum

Section L
Face 3
Depth

1
2"
3"
4"
5“
&
6.5"
sum

Section L.
Face 4
Depth

Average Percent Shale

Total
Area
(mm*2)
8107
8107
8107
8107

8107
8107
48643.92

Total
Area
{mm*2)
2581
2581
2581
2581
2581
2581
1260
16774

Totai
Area
{mm*2)

2581
2581
2581
2581
2581
2581
1280
16774

Total
Area.
{mm"2)
2581
2581
2581
2581
2581
2581
1280
16774

Totai
Area
(mm*2)
2581
2581
2581
2581
2581
2581
1290
16774

diameter

0.77

Largest
Shale
{ram)

- NN

Largest
Shale
(mm)

wl
ANNNNNE"

Largest
Shale
{mm)

G W

Largest
Shale
(mm)

o B G B N wa N

Largest
Shale
(mm)

G G PO -2 -

162

Number per Shale
of Shale  (mm*2)

8

8

10
8

8
13

Number per Shale
of Shale (mm*2)

[ RO A N

Number per Shale
of Shale (mm*2)

A O MY,

Number per Shale
of Shale (mm"2)

BRSO

Number per Shale
of Shale (mm*2)

WM bW

check
0.747025

Area

19.63
3.14
3.14
3.14
12.57
078

Area

1.77
3.14
3.14

314

314
314
079

Area

107
3.14
12.87

7.07.

1.07
0.79
079

Area

3.14
6.79
19.63
314
707
3.14
0.79

Area

0.79
0.79
079
3.14
7.07
7.07
078

Total
Araa of
Shale
{mm*2)
157.08
25.13
31.42
28.27
100.53
10.21
352.64

Total
Area of
Shale
{mm"2)
7.07
1257
18.85
942
12.57
542
157
7147

Total
Area of
Shale
(mm*2)
35.34
6.28
62.83
28.27
21.21
3.93
3.14
161.01

Total -
Area of
Shale
{mm*2)
18.85
3.14
117.81
18.85

28.27 -

15.71
3.14
205.77

Totai
Area of
Shate
{mm*2)
3.93
3.93

- 236

12.57
4241
36.34

236
102.89

Percent
Shale
1.4
0.31
0.538
0.35
1,24
0.13

Pearcent
Shale
0.27
0.49
0.73
0.37
0.49
0.37
0.12

Parcent
Shale

- 1.37
0.24
243
1.10
0.82
0.15
0.24

Percent
Shale
{73
0.12
4.57
073
1.10
0.61
0.24

Percent
Shate
018
0.15
0.08
0.49
1.64
1.37
018

Avarage

0724949

Average

0.404341

Average

0.808679

Average

1.156501

Average

0.582598



Core 17
U.S. 520
Webster County

Section A
Section B Top Surface
Section B Boltom Surface
Section . Top Surface

- Section C Bottom Surface
. ‘Section D

sum

Section L.
Face 1
Depth

1”
2”

T 3"

! 4
5"
g"

sum

: Section L
o Face 2
Depth

1 L

2"

3"

4"

5

Y
sum

Section L
Face 3

T Cepth

1
o
3
4n
5"
6"

sum

o Section L
ol Face 4

3 Depth

1

2"

g

4"

5

Pt
sum

Average Percent Shate

Total
Area

{mm*2)

8107
8107
8107
8107
8107
8107

45643.92

Total
Area

(mm*2}

2581
2581
2581
2581
2581
2581

15484

Total
Area
{mm*2}
2581
2581
2581
2581
2581
2581
15484

Total
Area
{mm"2}
2581
2581
2581
2581
2581
2581
15484

Total
Area
(mm*2)
2581
2581
2581
2581
2581
2581
15484

diameter
0.83

largest

Shale
(mm)

O A A

Largest
Shale
(mmy)

e e N T Y

lLargest
Shale
{mm)

LS IR SR SRS )

Largest
Shale-
(mm}

A e )

{argest
Shale
(mim)

¢

]
3.5

1

3.5

163

Total
Area  Area of
Number per Shale Shaie
of Shale (mm*2) (mMm*2)
6 0.79 471
3 3.14 942
6 12.57 75.40
6 2827  169.65
4 2827  113.10
6 3848  230.91
603.10
Total
Area Area of
Number per Shale Shale
of Shale {(mm*2) (mm"2)
2 0.79 1.57
4 3.14 12.57
2 0.79 1.57
2 0.79 1.57
3 0.79 2.36
5 0.79 3.03
23.56
Total
Area Arga of

Number per Shale Shale

of Shale  (mm*2) (mm*2)
1 314 314
3 314 9.42
1 0.79 0.78
3 3.14 0.42
2 0.79 1.57
3 314 0.42
33717
Total
Area Area of
Number per Shaie Shale
of Shale {mm*2} (mm"2)
4 06.79 314
2 3.14 6.28
2 06,79 1.57
3 0.79 2.36
1 - 079 0.79
3 12.57 37.70
51.84
Total
Area Area of
Number per Shale Shale
of Shale {(mm*2) (mm*2)
0 0.00 0.00
3 28.27 84.82
6 9.62 57.73
3 0.79 2.36
7 3.14 21.99
4 g.62 3848
205.38
check
(.829935

Percent
Shate
0.08
0.12
0.93
2.09
140
2.85

Percent

"Shale
0.08
0.49
0.06
0.06
0.09
0.15

Percent
Shale
.12
0.37
.03
0.37
0.06
0.37

Percent
Shale
0,12
0.24
0.06
0.09
0.03
146

Percent
Shale
0.00
3.29
2.24
0.09
0.85
149

Average

1.240002

Average

0.152171

Average

0.218112

Average

0.334777

Average

1.326426
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Core 18
U.S. 520
Webster County
Fotal
Totai  Largest Area Area of
Area Shale Number perShale Shale
(mm*2) (mm)} ofShale (MmM*2) (Mm*2)
Section A 8107 2 3.14 15.71
Section B Top Surface 8107 3 6 7.07 42.41
Section B Bottom Surface 8107 2 15 3.14 47.12
Section C Top Surface 8107 3 7 7.07 49.48
Saction C Bottom Surface 8107 2 8 3.14 2513
Section D 8107 3 6 7.07 42.41
sum 48643.92 222.27
Total
Section L. Total  Largest Area  Area of
Face 1 : Area Shaie  Number perShale Shale
Depth {mm*2)} (mm) of Shale (mm*2) (mm*2)
1" 2581 1 6 079 471
2 2581 1 3 0.78 2.38
3" 2581 4.5 3 15.90 47,74
4" . 2581. 3 4 7.07 | 2827
5" 2581 1 4 6.79 3.14
e" 2581 1 5 679 . 383
sum 15484 80,12
Total
Section L Total Largest Area . Areaof
Face 2 ‘ Area ‘Shale  Number per Shale Shale
Depth . {mm*2} {mm) of Shale (mm*2) (mMm*2)
1 2581 1 3 0.79 2.36
2" 2581 1 3 0.79 2.36
3" . 2581 1 & 6.78 4.71
4" 2581 3 6 7.07 42.41%
5" 2581 3 3 7.07 21.21
8" 2581 1 2 .79 1.57
sum 15484 74.61
Totat
Section b Total  largest Area *  Area of
Face 3 Area Shale  Number per Shale Shale
Depth (mm*2)  (mm) ofShale (mm*2) (mmA2)
" 2581 2 5 3.14 1571
2" 2581 2 4 3.14 12.57
3 2581 1 1 0.79 0.78
4" 2581 1 2 078 157
5" 2581 V2 4 3.14 12.57
g" 2581 1 1 .79 0.79
sum 15484 . 43.98
Total
Section | Tolal  Larges! Area Area of
Face 4 Area Shale Number perShale Shale
Depth {mm*2) {(mm)} ofShale (mm*2} (mm*2)
1" 2581 4 5 12.57 62.83
2" 2581 1 5 06,79 393
3 2581 1 4 0.79 314
4" - 2581 2 5 314 151
" 2581 ] 3 19.63 58.80
6" 2581 2 3 314 9.42
sum 15484 153.94
diameter check

Average Percent Shale 0.53 0.528965

Percent
Shale
0.19
0.52
0.58
0.61
0.31
0.52

Percent
-Shale
0.18
0.09
1.85
1.40
0.12
0.18

Percent
Shaie
0.09
0.09
p.18
1.64
0.82
0.06

Percent
Shale
0.61
0.49
0.03
0.06
0.49
0.03

Percent
Shale
2.43
0.15
012
0.61
2.28
0.37

Average

0.456928

Average

0.582055

Average

0.481875

Average

0.284053

Average

0.994185




Core 18
Uu.s. 520
Webster County

Section A
Section B Top Surface
Section B Bottom Surface
Section C Top Surface
Section C Bottom Surface
Section D

sum

Section L
Face 1
Depth

P
on
g
4"
5“
&
sum

Sectionl
Face 2
Depth

2
a4
4"
g
6"
sum

Section L
Face 3
Depth

1
2"
3#
o
P
&
sum

Section L
Face 4
Depth

Py
om
3n
4
5'!
g
sum

Average Percent Shale

Total
Area
{mm"2)
8107
8107
8107
8107
8107
8107
48643.92

Total
Area
{mm*2)
2681
2581
2581
2581
2581
2581
15484

Total
Area
{mm"2)
2581
2581
2581
2581
2581
2581
15484

Total
Area
(mmA*2)
2581
2581
2581
2581
2581
2581
15484

Total
Area
(mmA2)
2581
2581
2581
2581
2581
2581
15484

diameter

0.87

Largest
Shale
{mm)

N B G R -

Largest
Shale
(mm}

N aama

Largest
Shate
{mm)

DN o a W

Largest
Shale
{mm)

4 B

Largest
Shale
(mm)

[S B SRR (C I
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Number per Shale

Area

of Shale (mm*2)

13 0.79
7 3.4
12 7.07
10 19.63
2 3.14
5 314

Area

Number per Shale

of Shale (mm*2)

3

5
3
4
3
4

Number per Shale

of Shale

h B thin =N

Number per Shale

of Shate

W oot B D~

Number per Shale
of Shale {mm"2)

- O3 L

check
0.870777

12.57
19.63
0.78
078
0.79
314

Area

(mm?2)
7.07
0,78
078
078
314

28.27

Area

(mm"2)
0.78
0.78
0.79
3.14
3.14
19.63

Area

3.14
314
0.79
3.14
0.79
19.63

Total
Area of
Shate
{mm*2)
10.24
21.89
84,82
196.35
6.28
15.71
335.37

Total
Area of
Shale
{mm"2}
37.70
98.17
2.35
3.14
236
12.57
156.29

Total
Area of
Shale
{mm*2}
35.34
079
393
3493
12.57
141.37
19792

Total
Area of
Shale

(mm*2)

5.50
1.57
3.14
16,71
1257
176.71
215.20

Total
Area of
Shale
{mm*2)
15.71
842
3.14
8.42
0.79
18.63
58.12

Percent
Shale
0.13
0.27
1.05

- 242

008
0.19

Percent
Shale
1.46
3.80
0.09
0,12
0.09
0.49

Percent
Shale
1,37
0.03
0.15
0.18
0.49
548

Percent
Shale
0.21
0.06
012
0.61
(.40
6.85

Percent
Shale
0.61
0.37
0.12
0.37
0.03
0.76

Average

0.689428

Average

1.008402

Average

1.278238

Average

1.38983

Average

0.375356



Core 20
U.8. 520
Webster County

Section A
Section B Top Surface
Section B Bottom Surface
Section C Top Surface
Section C Boitom Surface
Section D

sum

Section L
Face 1
Depth

1
2"
e
pe
&
6"
sum

Section L
Face 2
Depth

4
on
g
4

Section L
Face 3
Depth

4"
om
3n
4
g
&
sum

Section L.
Face 4
Depth

"
20
aw
4
&
8"
sum

Average Percent Shale
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Totat
Total  Largest Area  Area of
Area Shale  Number per Shale Shale
(mm*2)  (mm) of Shale (mm*2) (mm*2)
8107 5 7 19.63 13744
8107 4 6 12.57 75.40
8107 3 6 7.07 42 .41
8107 3 5 7.07 35.34
8107 3 4 7.07 28.27
8107 6 8 2827 22619
48643.92 545.07
Total
Total Largest Araa Area of
- Area Shale  Number per Shale Shale
{mm*2) (mm} ofShale (mm*2} (MmMm*2)
2581 5 4 19.63 78.54
2581 1 1 0.7% 4.78
2581 4 1 12.57 12.57
2581 0 v} 0.00 0.00
2581 2 2 3.14 6.28
2581 2 3 3.14 9.42
15484 107.60
Total
Total  Largest Area  Area of
Area Shale  Number per Shale - Shale
(mm*2}  (mm) of Shale (mm*2) (mm*2)
2581 2 3 3.14 9.42
2581 1 3 0.78 2.36
2581 2 2 3.14 6.28
2581 2 2 314 6.28
2581 3 4 7.07 28.27
2581 35 1 9.62 9.62
15484 62.24
Total
Total  Largest Area  Areaof
Area Shale  Number per Shale Shale
{mm*2} (mm) of Shale (mm*2) (mm*2)
2581 1 5 0.79 3983
25813 1 0.78 0.79
2581 0 [¢] 0.00 0.00
2581 2 2 3.14 6.28
2581 2 3 3.14 9.42
258 2 2 3.14 65.28
15484 2670
Totat
Total  Largest Area  Area of
Araa Shale  Number per Shale Shale
(mm*2) (mm) ofShale (mm*2) (mm*2)
2581 1 1 0.78 0.79
2581 1 2 0.79 1.57
2581 1 3 0.79 2.36
2581 6 1 28.27 2827
2581 0 0 0.00 0.00
. 2581 5 1 19.63 19.63
15484 52.62
diameter check
0.72 0.718247

Percent
Shale
1.70
0.93
0.52
0.44
0.35
2.78

Percent
.Shaie
3.04
0.03
0.49
0.00
0.24
0.37

Percent
Shale
.37
.09
0.24
0.24
1.10
0.37

Percent
Shaté
0.15
0.03
.00
.24
037
0.24

Percent

Shale
0.03
0.06
0.08
1.10
0.00
0.76

Average

1.120523

Average

0.694815

Average

0.401986

Average'

0.172461

Average

0.339849




Core 21
1-80
Dalas County

Section A
Section B Top Surface
Section B Bottom Surface
Section C Top Surface
Section C Bottom Surface
SectionD

sum

Section L
Face 1
Depth

1
2"
3\1
401
5ﬁ
6“
b
8"
sum

Section L
Face 2

Section L
Face 3
Depth

"
o
P
&
5"
&"
7
g
sum

Section L
Face 4
Depth

o
3"
4"
5"
&
™
g

sum

Average Percent Shale

Total
Area
(mm"2)
8107
8107
8107
8107
8107
8107
48643.92

Tota!
Area
{mm*2).
2581
2581
2581
2581
2581
2581
2581
2581
20645

Total
Area
{mm*2)
2581
2581
2581
2581
2581
2581
2581
2581
20645

Total
Area
(mm"2)
2581
2581
2581
2581
2581
2581
2581
2581
20845

Total
Arez
{mm"2)
2581
2581
2581
2581
2581
2581
2581
2581
20645

1.44

{argest
Shale
(mm)

6.5
]

25
2
2
4

Largest
Shale
{rmm)

B e L0 B A N N

Largest
Shale
{mmy}

-::MMNNNN&

Largest
Shale
{mm)

R mMNNNWN

Largest
Shate
{mm)

™ WA N W

167

Number per Shale

of Shale
13
10
14
7
6
5

Number per Shale

of Shale
8

6
4
5
3
4
3

Number per Shale

of Shale

bbb ODO

Number per Shale

of Shale

b b hon D

Number per Shaie

of Shale

L2 g s e B i ]

check
1.442274

Area

{mm*2}
33.18
19.63
4.91
3.14
314
12.57

Area

{mm*2)
19.63
7.07
314
3.14
3.14
7.07
12,57
3.14

Area

{mm*2)
7.07
7.07

314
314
3.14
3.14
3.14
4.91

Area

(mm~2}
3.14
7.07
3.14
314
3.14

28.27
.07
314

Area

(mm*2)
7.07
12.57
3.14
7.07
7.07
3.14
T.07
3.14

Totai
Area of
Shale
{mm*2)
431.38
196.35
68.72
21.89
18.85
62.83
800.12

Total
Area of
Shaie
{mm*2)
157.08
49.48
18.85
12.57
15.71
21.21
50.27
042
334.58

Total
Area of
Shale
(mm*2}
56.55
42.41
18.85
18.85
1871
12.57
12.57
19.63
187.13

Total
Area of
Shate

Totat

© Area of

Shale
{mm*2}
42 .41
75.40
21.99
42.41
42.41
12.57
42 .41
942
2689.03

Percent
Shale
5.32
242
0.85
0.27
0.23
0.78

Percent
‘Shate
6.09
192
0.73
0.49

- 061

.82
1.95
0.37

Percent
Shale
2198
1.64
0.73
0.73

. 061

.49
0.49
0.786

Percent
Shale
1.10
1.64
0.61
0.73
0.49
4.38
1.10
0.49

Percent
Shale
1.64
2.92
.85
1.64
1.64
0.49
1.64
0.37

Average

1.64486

Average

1.620623

Average

0.854874

Average

1.316281

Average

1.389975



Core 22
1-80
Dallas County

Section A
Section B Top Surface
Section B Bottom Surface
Section C Top Surface
Section C Bottomn Surface
‘Section D

sum

Section L
Face 1
Depth

1 L
2!‘
3"
p
501
6"
7!!
&
sum

Section L
Face 2

Depth

e

on
3"
4"
g
o
7
8"

sum

Section L
Face 3
Depth

1

o
3"
4
g
&
o
g

sum

Section L
fFace 4
Depth

1
o
3=|
e
g
g
o
g"
sum

Average Percent Shale

Total
Area
{mm*2}
8107
8107
8107
8107
8107
8107
48643.92

Yotal
Area
{mm*2}
2581
2581
2581
2581
2581
2581
2581
2581
20645

Total
Area
(mm*2)
2581
2581
2531
25814
2581
2581
2581
2581
20645

Total
Area
{mm"2}
2581

. 2581
2581
2581
2581
2581
2581
2581
20645

Total
Area
{mm*2)}
2581
2581
2581
2581
2581
2581
2581
250
20645

0.74

Largest
Shale
{mm)}

3
2
2
55
4
3

Largest
Shale
{mm}

LA I S U U )

Largest
Shale
{mm)

(AN S S L S S SN

Largest
Shale
(mm)

RN EWNRMNN

L.argest
Shale
{mm)

PN =R RN R R W
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Number per Shale
of Shale  (mm*2)

10
10
11
5
10
7

Numher per Shale
of Shale. {mm*2)

COh WS~ hwh

Number per Shale
of Shale (mm*2)

(S0 AR RN Y

Number per Shale
of Shale (mm*2)

NARBWROOA

Number per Shale
of Shale (mm*2)

(AN N NS )

check
0.743507

Area

7.07
3.14
3.14
23.76
12.57
7.07

Area

107
3.14
3.14
7.07

314

0.79
3.14
3.14

Area

3.14
3.14
3.14
3.14
314
3.14
3.14
7.07

Area

3.14
3.14
3.14
.07
12.57
3.14
344
7.07

Area

7.07
3.14
3.14
3.14
3.14
3.14
0.79
3.14

Total
Area of
Shale
{mm*2)
7069
3142
34.56
118.7¢
125.66
4948
430.59

Total
Area of
Shale
{mm*2)
42.41
9.42
12.57
4848
842
2.36
15,71
2513
166.50

Total
Area of
Shaie
{mm*2)
12.57
15.71
15.71
12.57
9.42
12.57
12.57
21.21
112.31

Total
Area of
Shale
{mm*2)}
12.57
168.74
6.28
2121
50.27
6.28
1257
14.14
139.02

Total
Area of
Shale
{mm*2)
42 .41
21.88
12.57
842

. 18T

12.57
3.14
942

127.23

Percent
Shale
0.87
0.39
043
147
1.55

0.61

Percent
Shate
1.64
037
0.4¢
1.92
0.37
0.08
0.61
0.97

Percent
Shale
0.40
0.61
0.61
049
0.37
0.49
0.49
0.82

Percent
Shale
0.49
0.61
0.24
0.82
1.95
0.24

048

0.65

Percent
Shale
1.64
0.85
0.49
0.37
0.61
0.46
0.12
0.37

Average

0.885187

Average

0.808507

Average

0.544012

Average

0.673358

Average

0.616293
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Core 23
80
Dallas County
Totat
Totai  Lamgest Area Area of Average
Area Shale  Number perShale Shale Percent
' (mm*2) (mm) of Shale (mm*2) (mm*2) Shale
Section A 8107 4 8 12.87 11310 1.40
Section B Top Surface 8107 3 17 7.07 120,17 148
Section B Bottom Surface 8107 5 g 19.63 17671 218
Section C Top Surface B107 2 6 314 18.85 0.23
Section C Bottom- Surface 8107 3 10 7.07 70.69 0.87
Section D 8107 2 9 3.14 28.27 0.35
sum 48643.02 527.19 1.085002
Total
Section L Total  Largest Area  Area of
Face 1 Area Shale Number perShale Shale Percent Average
Depth (mm*2) (mm)} ofShale (mm*2) (mm*2) . Shale
1 2581 0 0 006 . 000 - 0.00
ar 2581 ] 0 0.00 0.00 0.00
K 2581 0 (4] 0.00 0.00 0.00
4" 2581 o o 0.00 0.00 0.00
5 2581 0 0 0.00 0.00 0.00
g 2581 0 ¢ 0.00 0.00 0.00
™ 2581 0 0 0.00 0.00 .00
a8 2581 0 0 .00 0.00 0.00 .
sum 20645 0.00 0
: Total
Section L Total  Largest Area  Areaof Average
Face 2 Area Shale  Number perShale Shafe Percent
Depth . (mm*2)  {mm) ofShale (mm*2) (mm*2) Shaie
1" 2581 0 0 0.00 0.00 0.00
z" 2581 0 0 0.00 0.00 0.00
3" 2581 0 0 0.00 0.00 0.00
4" 2581 ¢ 0 0.00 0.00 0.00
5" 2581 0 0 0.00 0.00 0.00
6" 2581 0 o 0.00 0.00 0.00
7" 2581 0 [ C.00 0.00 0.00
g 2581 0 0 0.00 0.00 0.00
sum 20645 .00 0
. Total
Section L Total - Largest : Area  Areaof Average
Face 3 Atea Shafe  Number per Shale Shale  Percent
Depth {(mm*2)  (mm} of Shale (mm*2) (mm*2)}) Shale
1 2581 0 0 0.00 .00 0.00
2" 2581 o] g 0.00 0.00 0.60
3 2581 0 0 0.ce 0.00 0.00
4" 2581 0 0 0.00 C.00 0.00
" 2581 o ¢ 0.60 C.00 0.00
6" 2581 0 0 0.00 0.00 0.00
7" 2581 0 0 0.00 0.00 0.00
g" 2581 0 ] 0.00 0.00 0.00
sum 20645 . : 0.00 0
Total
Section L Total  Largest Area  Area of Average
Face 4 Area Shale  Number perShale Shale  Percent
Depth {mm"2) {mm} ofShale (mm*2) (Mmm*2) Shale .
" 2581 O 0 0.00 0.00 0.00
2° : 2581 ] o D.0o 0.00 0.00
3" 2581 0 o 0.00 0.00 000
4" 2581 0 0 0.00 0.00 0.00
5" 2581 4] v} 0.00 0.00 0.00
8" 2581 0 0 0.00 0.00 0.00
™ 2581 0 0 0.00 0.06 0.00
g" 2581 0 D 0.00 0.00 0.00
sum 20645 0.00 o
check

Average Percent Shale 1.08 1.085004



Core 24
1-80
Daltas County

Section A
Section B Top Suiface
Section B Boitom Surface
Section C Top Surface
Section C Bottom Surface
Section D

sum

Section |.

Section L

Face 2

Depth
Py
2#
3"
4
g
6"
7"
g

sum

Section L
Face 3
Depth

Section L
Face 4
BDepth

4n
2"
3"
&
g
Sﬂ
7"
8«
sum

Average shale = 0.92

Total
Area
(mm*2)
8107
8107
8107
8107
8107
8107
43643.92

Total
Area
{mmAr2)
2581
2581
2581
2581
2581
2581
2581
2581
20645

Total
Area
{mm*2}
2581
2581
2581
2581
2581
2581
2581
2581
20645

Total
Area

{mm"2}

2581
2581
2581
2581
2581
2581
2581
2581
20645

Total
Area
(mm*2)
2581
2581
2581
2581
2581
2581
2581
2581

. 20845

Largest
Shale
{mm)

NN

Largest
Shale
{mm)

WRNAWNAEWW

Largest
Shale
(mm}

BRSO o s ) WA

Largest
Shale
{mm}

YR LR W N

Largest
Shate
(mm;)

RN NN MNRO
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Number per Shale

of Shale
15
10
1
8
11
7

Number per Shale

of Shale
4

4
8
3
6
8
3
5

Number per Shale

of Shale

b bW WH

Number per Shale

of Shale

R LR B W

Number per Shale
of Shale

VWA AT

Area

{mm*2)
12.57
314
3.14
3.14
3.14
314

Area

(mmA2)
7.07
7.07
12.57
3.14
7.07
12,57
3.14
7.07

Area

(mm*2)
314
7.07
7.07
12.57
0.79
7.07
3.4
314

Area

{(mm*2)
314
7.07
12.57
7.07
3.14
7.07
3.14
7.07

Area

(mm*2}

19.63
3.14
3.14
314
314
3.14
314
3.14

Tolat
Area of
Shale
{mm*r2)
188.50
3142
34.56
2513
34.56
21.99
336.15

Total
Area of
Shale
{mmA2}
28.27
28.27
100.53
9.42
42.41
75.40
942
35.34
329.08

Totat
Area of
Shale
{mm*2}
12.57
21.24
35.34
£§2.83
2.38
28.27
18.85
12.57
193.99

Total
Area of
Shale
(mmA2}
9.42
211
50.27
14.14
9.42
21.21
6.28
21.21
153.15

Tota!
Area of
Shale
{mm*2)
117.81
15.71
12.57
6.28
.42
9.42
6.28
18.85
196.35

Percent
Shale
2.33
0.39
0.43
0.3

0.43
0.27

Percent
- Shale
1.10
1.10
3.90
0.37
1.64
2.92
0.37
1.37

Percent
Shale
0.49
0.82
1.37
2.43
0.09
1.10
0.73
0.49

Percent
Shale
0.37
0.82
1.88
0.65
0.37
0.82

0.24

0.82

Percent
Shale
4.57
0.61
0.49
0.24
0.37
0.37
0.24
0.73

Average

0.691043

Average

1.593993

Average

0.939657

Average

0.741835

Average

0.95107
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APPENDIX C (DSC RESULTS, PRELIMINARY)






Sample: GYPSUM 7/18/94

JSC

File: C:SCOTT.720

Size: 10.5000 mg Operator: J. AMENSON
Method: 40°C/min Hun Date: 15-Sep-95 07: 02
Comment: In N2 8 50 ml/min
0 \ e PO ._.._% s ‘;
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Heat Flow (W/g)

Sample: C2S8 80 DAYS, 4st run
Size: 10.3000 mg _
Method: 10°C/min

Comment: In N2 8 50 ml/min

~0. 14 e

NSO

File: CHENG.036

Operator:
Run Date:

J. AMENSON
23-Aug-88 10: 53

200 300
Temperature (°0)
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General V4, 1G Dcwwmw 2000
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Sample: STANDARD #4 U m m
Size: 10.3000 mg

Method: 410°C/min

Comment: In N2 B 50 ml/min

File: C:SCOTT.764
Operator:

J. AMENSON

~0 .45
-0.20
-0 .25~
o
~ J
=
5 —0.30+
r~i
i
- J
©
]
T
~0.35-
. Standard #4 consists of:
3.6% calcium hydroxide
~0. 40— 4.2% magnesium hydroxide
3.7% ettringite
88.5% corundumn
0453 T 100 " 200 " ado " 400 500 ’ 00
_ General V4.1C anczn 2000

Temperature (°C)

SL1



176

0002 u:amnm 9% "¥A Tedsuag (3,) 8unjeJadual
00y 00E 002 007 0
; _ . . ; 0E " 0~

—8¢° 0

~9¢ " 0~

-p2 " 0~

—ce 0~

- 02" 0~

=

L gy-0-
utw/TW 0% @ 2N Ul :juswwon
1€ B0 G6-unp-g2 l83e(] ung utw/0,0t7 :poylsy

NOSNIWY “r :Jojedadg U m D . 6w 0005°0F :az1g
€£9°11025:0 @114 }~TWQ :arduweg

(6/M) MoOTd 3e8H



Heat Flow (W/g)

Sample:
Size:
Method:
Comment:

-0.1486

CMi-2

10.3000 mg
10°C/min

In N2 @ 50 ml1/min

DSC

File: C:SCOTT.671%

Operator:
Run Date:

J. AMENSON
2~-Jun-95 O06: 04
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Heat Flow (W/g)

Sample: C2S8 80 DAYS, 4st run
Size: 10.3000 mg _
Method: 10°C/min

Comment: In N2 8 50 ml/min

~0. 14 e

NSO

File: CHENG.036

Operator:
Run Date:

J. AMENSON
23-Aug-88 10: 53

200 300
Temperature (°0)

’ 1
500
General V4, 1G Dcwwmw 2000

£L1



Heat Flaw (W/g)

Sample: STANDARD #4 D S C File: C:SCOTT.764
Size: 10.3000 mg Operator: J. AMENSON
Method: 40°C/min ' .
Comment: In N2 B8 50 ml/min

~0 .45
-0.25-
-0.304
-0.35+
. Standard #4 consists of:

2.6% calcium hydroxide
~0. 40~ 4.2% magnegium hydroxide ’

3.7% ettringite

88.5% corundumn
~0.453 " 400 " a0 "~ ado 400 __ 500 ’ 590

Temperature (°C) General V4.1C DuPont 2000

gLl



Heat Flow (W/g)

Sample:
Size:
Method:
Comment:

-0.1486

CMi-2

10.3000 mg
10°C/min

In N2 @ 50 ml1/min

DSC

File: C:SCOTT.671%

Operator:
Run Date:

J. AMENSON
2~-Jun-95 O06: 04

-0.18+

~0.20

=-0.24+

~0.26

-0.28

200
Temperature

300
(°c)
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Heat Flow (W/q)

Sample: CMi-8 U m D C: SCOTT.B6874
Size: 10.3000 mg ‘ Operator: J. AMENSON
Method: 10°C/min Run Date: 2-~-Jun-85 40:59
Comment: In N2 @ S50 ml/min
~0.48
-0 .20
-0.25-
~0. 30— (
4
41%
7035 m_r . 100 . 200 . 300 400 . 00
Temperature (°C) General V4.4C DuPont 2000
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Size: 10.5000 mg Operator: J. AMENSON
Method: 40°C/min Run Date: S5-Jun—95 09: 49
Comment: In N2 8 S50 ml/min

-0.48

Sample: CMi-12 7 D S C Flle: C:SCOTT.B76

Heat Flow {W/g)
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Heat Flow (W/g)

Sample: CORE 2 G m D File: C:SCOTT.649
Size: 10.4000 mg Operator: J. AMENSON
Method: 10°C/min Run Date: 23-May~-85 414: 42

Comment: In N2 @ 50 ml/min
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Heat Flow (W/g)

Size:

Method:
Comment: In N2 & 50 ml/min
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o
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-0.26

~0.28+

~0.30

Sample: CORE 4 D m O File: C: SCOTT.651
10.4000 mg Operator: J. AMENSON

10°C/min Aun Date: 24-May-95 07:23
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Heat Flow (W/g)

Sample: CORAE 6 | _u m O File: C:SCOTT.B53.

Size: 10.5000 mg

Operator: J. AMENSON

Method: 10°C/min Run Date: 24-May-85 141: 04
Comment: In N2 @ 50 ml/min
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Temperature (°C)



188

0002 3juodn ‘YA IBJaua
| oum Oar'vA I omvm

Ky

(D,) aJnjeuadus)

00€E

002 00% 0

: 4 + Sv 0~

—0p * 0~

- GE " 0

-0E * 0~

-G2°0-

0E 21 GS6~AenW-p2 :a3eg uny
NOSNAWY °‘r :Jojedadp
yE8° 11038 3 ::B/ITd

02 0~

utW/TWw 05 8 2N Ul juawwo)d
utw/3,07 :poylap

U m Q Gw oooy 07 :9z18
L J4H03 :elduwes

(6/M} MOTd 3e8H



Heat Flow (W/g)

Size: 10.4000 mg

Sample: CORE 8 D m m File: C:S8COTT.BS5

Operator: J. AMENSON
Method: 10°C/min Aun Date: 25-May-88 14: 36
Comment: In N2 @ 50 ml/min
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Sample:
Size:
Method:

CORE 14

10.3000 mg
10°C/min

Comment: In N2 @ 50 ml/min

File:
Operator:
Run Date:

DSC

C: 5COTT.657
J. AMENSON
26-May~95 07: 28

-0.15

~0 .20+

~0.25-

Heat Flow (W/g)
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Heat Flow (W/g)

Sample: CORE 13 D S C File: C:SCOTT.659

Size: 10.2000 mg Operator: J. AMENSON
Method: 10°C/min Run Date: 26-May—~-898 08: 49
Comment: In N2 @ 50 ml/min :
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~0.20

£61
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0 100 ' 200 300
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400 00
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Heat Flow (W/g)

Sample: CORE 15
Size: 410.0000 mg
Method: 10°C/min

Comment: In N2 @ 50 ml/min

Dm O File: C:SCOTT.E64
‘ Operator: J. AMENSON
Run Date: 26~-May-95 13: 04

~0.45
-0.20-
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~0.25-
~0.30~
~0.35% . 100 . 200 . 300 . 400 . 00
Temperature (°C) General V4.4C DuPont 2000
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Heat Flow (W/g)

Sample: CORE 16

Size:
Method:

Comment: In N2 @ 50 ml/min

10.2000 mg
10°C/min

DSC

File: C: SCOTT.662

Operator:
Aun Date:

J. AMENSON
26—~May~85 14: 17

-0.45

~-0.20-

-0.25-

~0.30+

100

200 '
Temperature

300
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Bg%gral v4.1C Dugggt 2000
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Heat Flow {W/q)

Size: 10.4000 mg Operator: J. AMENSON :
Method: 10°C/min _ ARun Date: 31-May-95 14:57
Comment: In N2 8 50 ml/min

-0.18

Sample: CORE 417 D S C File: C:SCOTT.663

~0.20
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o
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-0.35 1 v T 1
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Temperature {(°C)
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Heat Flow (W/g)

Sample:
Size:
Method:

CORE 19

10.4000 mg
10°C/min

Comment: In N2 @ 50 ml/min

DSC

File:
Operator:
Run Date:

C: SCOTT.665
J. AMENSON
i-Jdun-85 07: 17

~0.18

~-0.20~

-0.22~

~0.24+

~0.26

~0.28

200 300
Temperature (°C)

, r
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mmwmvmw V4.4C Du wmn 2000
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Sample: CORE 24
Size: 10.4000 mg

_u m O File: C:SCOTT.667
Operator: J. AMENSON

Method: 410°C/min Run Date: 1-Jun-895 09: 48
Comment: In N2 8 50 ml/min
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Heat Flaow (W/g)

Sample:
Slze:
Method:

Comment:

~0.186

CORE 22

10.2000 mg
10°C/min

In N2 @ 50 ml/min

DSC

File: C: SCOTT.&G68

Operator:
Aun Date:

J. AMENSON
i~-Jun—~85 10: 49

4
100

200 ' 300
Temperature (°C)

T " :
Gg%gral v4.141C Dug

00
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Sample: CORE 24
Size: 10.3000 mg
Method: 10°C/min
In N2 8 50 ml/min

Heat Flow (W/g)

Comment:

D m m File: C:SCOTT.669
Operator: J. AMENSON

Aun Date: 41-~-Jun—95 13:24

~0.14
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~0.18-

=0.24-
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Sample: IiS-1 #55 D S C File: C:SCOTT.678
Size: 40.3000 mg : Operator: J. AMENSON
Method: 10°C/min Run Date: S5~Jun—85 11:54

Comment: In N2 B 50 ml/min
-0.20

~0.30 -

Heat Flow (W/g)

-0 .35~

o 100 " 200 ' 300

4 T
400 . 00
Temperature (°C)7 General V4.,4C Dugont EOOO
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