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EXECUTIVE SUMMARY 

Snowfall in January and February of this year during placement of a concrete slab-on-grade for the Archbald Building in 
Valley View Business Park located in Archbald, PA has caused development of scaling of finished surface at multiple 
locations of pours. Scaling has occurred as isolated occurrences of loss of the original finished surfaces and exposures of 
near-surface coarse and fine aggregate particles. Due to placement in outdoor winter-weather conditions, and, 
apparently, placement on a moist subbase, the slab experienced freezing conditions not only from the top ambient air 
and falling snow, but also from a frozen moist subbase. The slab, however, is reported to have been placed for indoor 
applications, which will, eventually, be protected from the freezing, moisture, snow, and other elements of a harsh 
environment. Prior to the anticipated indoor applications, however, due to such early freezing, a detailed evaluation of 
the existing condition of the slab was requested, especially in leu of the observed surface scaling distress at various pour 
locations to assess the future durability and serviceability of the slab for the intended indoor application. 

The reported Mix PEN467-8L of concrete contains (in a cubic yard): 530 pounds of Portland cement, 1887 pounds of 
crushed stone coarse aggregate, 1363 pounds of fine aggregate, 265 pounds of mix water, all to have a unit weight of 
149.8 lbs./cu.ft., a water-cement mass ratio of 0.50, and a 28-day design compressive strength of 4000 psi. Compressive 
strengths of laboratory-cured concrete cylinders showed excellent strength results, to the point of exceeding the 28-day 
design strength of 4000 psi in as early as 7 days of curing for all tested cylinders. 

Three concrete cores, marked as S1B, S2B, and S3B were retrieved from sections of pours (Pour E) exhibiting: (i) dense, 
hard, dark gray smooth shiny trowel-finished surface with closed polygonal-shaped fine craze cracking due to loss of 
moisture during shrinkage after finishing in S1B, (ii) sound matt-finish floated surface in S2B despite its retrieval from a 
location that has exhibited surface scaling, and, (iii) surface scaling with exposed near-surface crushed stone coarse 
aggregate particles on the top wearing surface of Core S3B due to its retrieval from a scaled location.  All three cores 
were examined in detail by following the methods of detailed petrographic examinations of concrete according to the 
procedures of ASTM C 856. The purpose of this examination is to evaluate the overall condition of concrete, diagnose 
distress due to placement in an outdoor winter-weather environment, especially condition at and near the exposed 
surface, and assess long-term durability and serviceability of the slab in its eventual indoor environment, which will not 
be exposed to freezing or other elements of the environment.  

Based on detailed petrographic examinations, the concrete in all three cores are found to be compositionally similar 
and indicative of use of a single mix design, which showed an overall conformance to the reported mix PEN467-8L for 
the project. Concrete in all three cores are non-air-entrained and made using the following components.  

Coarse aggregates are compositionally similar crushed stones, containing major amounts of arkosic sandstone (having 
detrital quartz > detrital feldspar and interstitial sericitic mica), and, subordinate to minor amounts of crushed limestone, 
and occasional crushed shale particles having nominal maximum sizes of 1 inch (25 mm). Due to the variations in 
sedimentary lithologies of crushed stones, particles are variably dense to porous, and variably colored from light to dark 
gray. Particles are equidimensional to elongated, angular, unaltered, uncoated, unreacted, uncracked, well-graded, and 
well-distributed.  Despite having some detrital variably strained quartz and strained quartzite particles in the sandstone, 
which are potentially alkali-silica reactive, there is, however, no evidence of such a reaction of strained detrital quartz 
particles of crushed sandstone in concrete, which is also not anticipated given the very recent age of the concrete.  
Coarse aggregate particles have been sound and did not contribute to the surface distress. The minor amount of crushed 
shale particles in crushed stone, however, can be potentially unsound if present immediately beneath the finished 
surface and exposed to moisture during service to become saturated. Given the dense trowel-finished surface of the slab 
at the location of Core S1B, and its intended indoor applications, however, such a possibility of moisture intrusion to the 
point of saturation of any near-surface shale particles seems unlikely.    

Fine aggregates are compositionally similar crushed silica sand in all three samples having nominal maximum sizes of 
3/8 in. (9.5 mm) where siliceous component contains major amounts of quartz, and subordinate amounts of quartzite, 
feldspar, and other siliceous materials.  Particles are clear to off-white, angular, dense, hard, equidimensional to 
elongated, unaltered, uncoated, and uncracked.  Fine aggregate particles are well-graded and well-distributed.  There is 
no evidence of alkali-aggregate reaction of fine aggregate particles in the concrete.  Fine aggregate particles have been 
sound during their service in the concrete and did not contribute to the reported surface distress of slab. 

Pastes are Portland cement-based, moderately dense, medium gray, uniform in color throughout the interior bodies of 
concrete except some variations in color tones found mostly in Core S1B from loss of some mix water during trowel 
finishing to create a denser and darker gray paste at the top 0.5 to 1 mm than the body, and, loss of some mix water to 
the absorptive subbase to create a similarly dark gray paste at the bottom few millimeters of slab. Freshly fractured 
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surfaces have subvitreous lusters and subconchoidal textures.  Residual and relict Portland cement particles are present 
and estimated to constitute 8 to 10 percent of the paste volumes in the bodies. However, surface regions show either 
higher amount and less hydrated cement in Core S1B due to loss of mix water by trowel-finishing operations, or, lower 
residues and well-hydrated cement in the other two cores due to the difference in finishing practices employed at the 
trowel-finished location in Core S1B versus float-finished surfaces at the locations of Cores S2B and S3B. Besides 
Portland cement, no other pozzolanic or cementitious materials are found. Hydration of Portland cement is normal in 
the interior bodies but restricted at the top millimeter of Core S1B due to trowel-finishing operations. Paste shows soft, 
porous, fragile appearance at the top 1 mm of Cores S2B and S3B due to finishing in the presence of some water and 
reported early freezing of surface. Freezing-related softening and porous fragile nature of paste are found restricted to 
the top millimeter or so of the slab at the locations of Cores S2B and S3B. Interior concrete beyond 1 to 2 mm of frozen 
and scaled surface is found to be dense, well-consolidated, and present in sound serviceable condition as long as the 
concrete remains dry and not exposed to freezing or other potential distress in the future during service. The textural 
and compositional features of the pastes are indicative of Portland cement contents estimated to be 6 to 61/2 bags per 
cubic yard, and, water-cement ratios (w/c) estimated to be 0.45 to 0.50 in the interior bodies of concrete. 

Concrete in all three cores are non-air-entrained having air contents estimated to be less than 1 percent. Air contents are 
determined by flatbed scanner image analysis technique to have 1.14% air in Core S1B, 1.69% air in Core S2B, and 
2.81% air in Core S3B; other air-void parameters are indicative of an overall non-air-entrained concrete with no 
evidence of intentional addition of an air-entraining agent. Due to the non-air-entrained nature, the slab is vulnerable to 
freezing-related distress, as evidenced from reported surface scaling in many pours, which is also observed on the 
exposed surface in Core S3B. However, when protected from the environment during its intended indoor applications, 
despite lack of air entrainment, the slab should be serviceable.  

Not having entrained air is indeed recommended for a slab intended to receive a hard trowel finish as at the location of 
Core S1B. Entrained air in a trowel-finished slab inevitably encourages near-surface delamination, which is not found in 
the trowel-finished slab at the location of Core S1B. Lack of air has prevented development of near-surface delamination 
of slab. Closed polygonal-shaped craze cracks are not unusual for a dense trowel-finished slab, which has not affected 
the long-term serviceability of slab at the location of Core S1B.  

Evidence of early freezing-related distress is most spectacular at the bottom 2 to 21/2 inches of Core S3B, where the 
concrete has developed parallel cracking due to freezing of concrete at the plastic or semi-plastic state during 
placement on a moist subgrade, which was probably also frozen. Lack of air entrainment and the reported early freezing 
during plastic or semi-plastic state caused development of cracks at the bottom 2 inches, above which the concrete is 
present in sound and serviceable condition. Despite freezing weather, except for some surface scaling, concrete did not 
develop any classic freezing-related parallel cracking at the top frozen end, only at the bottom end due to slab 
placement on a moist absorptive subbase without any vapor retarder between the slab and the subgrade. The moist 
subbase has caused cracking at the bottom end of slab at the location of Core S3B whereas subfreezing temperatures of 
ambient air has not caused any surface-parallel cracking of slab at the exposed end except some scaling from the 
isolated occurrences of loss of the original finished surface.     

Despite the reported snowfalls and freezing conditions during placement, interior concrete in all three examined cores 
did not show any ice crystals or ice lens impressions in paste, which are some classic tell-tale evidence for concrete that 
has been frozen at the plastic or semi-plastic state. Apparently, the freezing-related distress is confined only at the top 1 
or 2 mm of the finished surface as soft, porous, fragile, often scaled paste in Cores S2B and S3B, and, parallel cracks at 
the bottom end of Core S3B from placement on a frozen subbase. The interior body is still sound.  

Based on detailed petrographic examinations the concrete in all three cores are found to be compositionally similar and 
in conformance to the reported mix design. Microstructures and compositions of sound interior concretes in all three 
cores are also in conformance to the reported compressive strengths of concrete cylinders, all of which have shown 
achievement of 4000-psi 28-day design strength by as early as 7 days of curing. There is no evidence of any chemical or 
physical deterioration of concrete found in the interior bodies, except some surface scaling only at the top 1 mm of Core 
S3B, and surface-parallel cracking at the bottom 2 inches of Core S3B. Due to the reported indoor applications of the 
slab, the sound condition of concrete in the main interior bodies across the three cores indicate their long-term 
serviceability as long as the slab will not be exposed to a moist outdoor environment of freezing or to a frozen subgrade 
during service as it did during its placement. The non-air-entrained nature of concrete is beneficial for its indoor 
placement, especially for trowel finishing operations of slab at the location of Core S1B, but it can quickly turn 
detrimental if any portion of slab becomes exposed to moisture and freezing during service (e.g., near loading docks).  
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INTRODUCTION 

Reported herein are the results of detailed laboratory studies of three hardened concrete cores received from an 

outdoor slab-on-grade (Figure 1) that experienced a snow fall and early freezing during placement during the 

months of January and February of 2020 in Archbald, Pennsylvania. As a result, multiple sections of pours across 

the slab have shown surface scaling distress as loss of the original finished surfaces and exposures of near-surface 

coarse and fine aggregate particles.  

Due to placement in an outdoor environment during winter weather conditions, and apparently, placement on a 

moist subbase, the slab experienced freezing conditions not only from the top ambient air and falling snow but 

also from a frozen moist subbase. The slab, however, was reportedly placed for indoor applications, which will 

eventually be protected from the freezing, moisture, snow, and other elements of the environment. Prior to the 

anticipated indoor applications, however, due to such early freezing, a detailed condition evaluation of the slab 

was requested, especially in leu of the observed surface scaling distress at various pour locations to assess the 

future durability and serviceability of the slab in an intended indoor application.  

BACKGROUND INFORMATION 

The subject concrete slab was reportedly placed on 2-1-2020.  During the pour and especially during finishing an 

unexpected snow squall occurred and about 2 inches of snow fell.  The slab took about 36 hours to completely 

finish.  Some of the areas of the slab had significant surface flaking, bad finish.      

The reported Mix PEN467-8L of concrete (Figure 2) contains (in a cubic yard): Portland cement – 530 lbs., 

Crushed Stone Coarse Aggregate - 1887 lbs., Fine Aggregate - 1363 lbs., Mix Water – 265 lbs., Unit weight – 

149.8 lbs./cu.ft.,  Water-Cement Ratio by weight – 0.50, 28-day design Strength – 4000 psi.  

Compressive strengths of laboratory-cured concrete cylinders (Figure 3) showed excellent strength results, to the 

point of exceeding the 28-day design strength of 4000 psi in as early as 7 days of curing.  

PURPOSE OF PRESENT INVESTIGATION  

Based on the background information, the purposes of the present investigation are to determine:  

a. Compositions, qualities, and overall conditions of the concrete in the three cores received; 

b. Chemical, mineralogical, and microstructural investigations of concrete to diagnose any distress from the 

reported winter weather placement in a moist outdoor environment; and, 

c. Assessment of future durability and serviceability of the concrete in an indoor environment, which will 

eventually be protected from moisture, snow, freezing, and other elements of the environment.   
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FIELD PHOTOGRAPHS 

Figure 1: The top 
photo shows the 
subject concrete 
slab and the 
bottom photo 
shows a 
schematic map 
of various 
sections of pours. 
Three cores for 
this study were 
reportedly 
collected from 
Pour E.  
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Figure 2: The reported 
mix design of concrete, 
which contains (in a 
cubic yard):  

• Portland 
cement – 530 lbs.,  

• Crushed Stone 
Coarse Aggregate - 
1887 lbs.,  

• Fine 
Aggregate - 1363 lbs.,  

• Mix Water – 
265 lbs., Unit weight – 
149.8 lbs./cu.ft.,   

• Water-Cement 
Ratio by weight – 0.50,  

• 28-day design 
Strength – 4000 psi.  
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Figure 3: Results of 
compressive strengths 
of laboratory-cured 
concrete cylinders all 
of which showed 
higher than design 
compressive strength 
of 4000 psi, even 
from as early as 7 
days of curing. 
Overall 28-day 
strength results 
showed variations 
from more than 5000 
psi to one cylinder 
exceeding 6000 psi.  

All these strength 
results are indicative 
of use of a concrete 
that has confirmed 
the reported design 
strength requirements 
in laboratory curing 
conditions.  

 

The Table below 
shows the actual 
strength results 
provided and the top 
plot shows variations 
in compressive 
strengths of concrete 
since the days of 
molding. Results are 
provided by the client 
as part of background 
information with the 
core samples. 
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Figure 4: Field photos showing retrieval of Core S1B for this study which came from a dense, dark gray, shiny, 
trowel-finished concrete surface of the floor, which was placed for indoor applications. As seen, the core was 
retrieved in intact condition. When received, the top trowel-finished surface end of the core shows a network of 
very fine, closed polygonal-shaped craze cracks that are the result of shrinkage from loss of water from the trowel-
finished surface.  
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Figure 5: Enlarged view of the field photo at the location of Core S1B showing dense, dark gray, shiny, trowel-
finished concrete surface of the floor, which was placed for indoor applications. When received, the top trowel-
finished surface end of the core shows a network of very fine, closed polygonal-shaped craze cracks that are the 
result of shrinkage from loss of water from the trowel-finished surface (see Figure 12). 
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Figure 6: Field photos showing retrieval of Core S2B for this study, which came from floated concrete surface 
exhibiting isolated areas of scaling as loss of thin sheet of the original finished surface exposing near-surface 
aggregate particles. The core was retrieved from partial depth of the slab. 
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Figure 7: Enlarged view of the field photo at the location of Core S2B showing isolated areas of scaling as loss of 
thin sheet of the original finished surface exposing near-surface aggregate particles. When received, the top 
finished surface end of the core, however, shows a sound appearance without any scaling (see Figure 14).  
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Figure 8: Field photos showing retrieval of Core S3B for this study, which came from floated concrete surface 
exhibiting isolated areas of scaling as loss of thin sheet of the original finished surface exposing near-surface 
aggregate particles. The core was retrieved from full depth of the slab and showed visible parallel cracks at the 
bottom end, which are found to extend to a distance of 2 to 21/2 inches from the very bottom. 
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Figure 9: Enlarged view of the field photo at the location of Core S3B showing isolated areas of pitting-type 
scaling as loss of thin sheet of the original finished surface exposing near-surface dark gray crushed stone coarse 
aggregate particles. When received, the top finished surface end of the core shows approximately 60 percent of 
the area has been scaled as isolated pitting-type exposures of near-surface crushed stone coarse aggregate 
particles (see Figure 16). 
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Figure 10: Optical microscopy laboratory in CMC that houses various 
stereo-microscopes, and petrographic microscopes used in this study.  

METHODOLOGIES 

PETROGRAPHIC EXAMINATIONS (ASTM C 856) 

The core samples were examined by petrographic examinations by following the methods of ASTM C 856 
“Standard Practice for Petrographic Examination of Hardened Concrete.” Details of petrographic examinations 
and sample preparation are described in Jana (2006). The steps of petrographic examinations include (Jana 2006):  
 

i. Visual examinations of 
samples, as received;  

ii. Low-power stereo 
microscopical examinations 
of as-received, saw-cut and 
freshly fractured sections, 
and lapped cross sections of 
samples for evaluation of 
textures, and composition; 

iii. Low-power stereo 
microscopical examinations 
of air contents and air-void 
systems of concretes in the 
samples; 

iv. Examinations of oil 
immersion mounts in a 
petrographic microscope for 
mineralogical compositions 
of specific areas of interest; 

v. Examinations of lapped cross 
sections and blue dye-mixed 
(to highlight open spaces, 
cracks, etc.) epoxy-
impregnated large area (50 mm ´ 75 mm) thin sections in a petrographic microscope for detailed 
compositional and microstructural analyses; 

vi. Photographing samples, as received and at various stages of preparation with a digital camera and a 
flatbed scanner; and, 

vii. Photomicrographs of lapped sections and thin sections of samples taken with stereomicroscope and 
petrographic microscope, respectively to provide detailed compositional and mineralogical information of 
concrete.  

The main purposes of optical microscopy are characterization of: (a) aggregates, e.g., type(s), chemical and 
mineralogical compositions, nominal maximum size, shape, angularity, grain-size distribution, soundness, alkali-
aggregate reactivity, etc. (b) paste, e.g., compositions and microstructures to diagnose various type(s) of binder(s) 
used, (c) air, e.g., presence or absence of air entrainment, air content, etc., (d) alterations, e.g., lime leaching, 
carbonation, staining, etc. due to interactions with the environmental agents during service, and effects of such 
alterations on properties and performance; and (e) various chemical and/or physical deteriorations during service, 
including explanation of any visible cracking from various mechanisms. Portions selected from preliminary 
examinations for microscopy are sectioned, polished, and thin-sectioned (down to 25-30 micron thickness) 
preferably after encapsulating and impregnating with a blue dye-mixed epoxy to improve the overall integrity of 
the sample during precision sectioning and grinding, and to highlight porous areas, voids, and cracks.  Prepared 
sections are then examined in a high-power (up to 100X) Stereozoom microscope having reflected, transmitted, 
fluorescent light, and plane and crossed polarized-light facilities, and eventually in a high-power (up to 600X) 
petrographic microscope equipped with transmitted, reflected, polarized, and fluorescent-light facilities. 
Capturing high-resolution photomicrographs with these microscopes via digital microscope cameras with image 
analyses software are an integral part of documentations during petrographic examinations.  
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SAMPLES 

PHOTOGRAPHS, IDENTIFICATION, INTEGRITY, AND DIMENSIONS 

Figures 11 through 17, and the following Table 1 provide the overall dimensions and conditions of the cores as 

received. Figures 4 through 9 show surface conditions at the core locations.  

Core ID Diameter Length End Surfaces Distress/Condition 

S1B 
Pour E 

in Fig. 1 

33/4in. 
(95 mm) 

71/8 in. 
(180 mm) 

Top - Smooth, flat, dense, hard, dark gray, shiny trowel-
finished surface with closed polygonal-shaped network of fine 
hair-line craze cracks 
Bottom – Moist subbase materials 

Intact condition of 
core 

S2B 
Pour E 

in Fig. 1 

33/4in. 
(95 mm) 

61/2 in. 
(165 mm) 

Top - Smooth, flat, dense, hard, medium gray, matt-finished 
floated surface without any scaled appearance at least in the 
core top  
Bottom – Fresh Fractured 

Intact condition of 
core 

S3B 
Pour E 

in Fig. 1 

33/4in. 
(95 mm) 

71/2 in. 
(190 mm) 

Top - Smooth, flat, dense, hard, medium gray, matt-finished 
floated surface where approximately 60 percent of top shows 
scaling and exposures of near-surface coarse aggregate 
particles  
Bottom – Moist subbase materials 

Extensive cracking at 
the bottom 2 to 21/2 
inches from the base 
due to freezing of 
slab after placement 
on a moist subbase 

Table 1:  Overall dimensions and conditions of cores received for petrographic examinations.  

END SURFACES 

The top ends of the cores show dense shiny trowel-finished surface in Core S1B, and matt-finish floated surface in 

other two cores. Core S3B shows surface scaling as loss of the original finished surface and exposures of near-

surface coarse aggregate particles for approximately 60 percent of the area. The top end of Core S2B is sound 

even though the core came from an area that shows isolated occurrences of surface scaling (see Figure 7).  

CRACKING & OTHER VISIBLE DISTRESS, IF ANY 

Core S3B shows parallel cracks at the bottom 2 to 21/2 inches of base due to freezing of concrete placed on a 

moist subbase without any plastic vapor retarder between the slab and the subbase. Other two cores were 

received in intact visually crack-free conditions.  

EMBEDDED ITEMS 

Core S3B shows a No. 4 reinforcing steel at a depth of 61/4 inches from the top, which is not corroded. Other two 

cores do not have any steel, wire mesh or any other reinforcing or embedding items.  

RESONANCE 

The cores have a ringing resonance when hammered, which is consistent with their reported good compressive 

strengths. Despite good strength, however, concrete at the location of Core S3B showed extensive cracking to a 
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distance of 21/2 inches due to freezing of concrete at the plastic or semi-plastic state due to placement on a moist 

subbase.  

 

Figure 11: Core 
S1B as received 
showing: 

(a) A dark 
gray, smooth, flat 
trowel-finished 
wearing surface at 
the top end which 
is shown in the 
top right photo; 

(b) Fine, 
closed-polygonal-
shaped craze 
cracks on trowel-
finished surface 
which are 
enlarged in the 
next Figure,  

(c) A moist 
subbase 
evidenced at the 
core bottom in 
the bottom right 
photo; 

(d) Dense, 
well-consolidated 
nature of concrete 
seen on side 
cylindrical surface 
of core in the left 
photo; and, 

(e) Full-
depth retrieval of 
the core 
representing 71/8 
in. (180 mm) 
thickness of the 
slab at this core 
location.  
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Figure 12:  Core 
S1B as received 
showing: 

(a) A dark gray, 
smooth, flat trowel-
finished wearing 
surface at the top 
end; and, 

(b) Fine, 
closed-polygonal-
shaped craze 
cracks on trowel-
finished surface, 
which are 
indicative of 
shrinkage due to 
loss of moisture 
from the finished 
surface.   
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Figure 13: Core S1B as 
received showing a 
moist subbase 
evidenced at the core 
bottom.  
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Figure 14:  Core 
S2B as received 
showing: 

(a) A medium 
gray, smooth, flat 
float-finished 
wearing surface at 
the top end which 
is shown in the top 
right photo; 

(b) Freshly 
fractured bottom 
end of the core 
indicating partial-
depth retrieval 
from the slab at its 
location to a depth 
of 61/2 inches (165 
mm); and, 

(c) Dense, 
well-consolidated 
nature of concrete 
seen on side 
cylindrical surface 
of core in the left 
photo.  
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Figure 15: Core S3B as 
received showing: 

(a) A medium gray, 
smooth, flat, float-finished 
wearing surface at the top 
end, which shows surface 
scaling of about 60 
percent of the top end as 
loss of the original floated 
surface and exposures of 
near-surface coarse 
aggregate particles as 
seen in the top right 
photo; 

(b) A moist subbase 
evidenced at the core 
bottom in the bottom 
right photo; 

(c) Dense, well-
consolidated nature of 
concrete seen on side 
cylindrical surface of core 
in the left photo; 

(d) Full-depth 
retrieval of the core 
representing 71/2 in. (190 
mm) thickness of the slab 
at this core location; 

(e) Extensive 
cracking at the bottom 2 
inches (boxed) due to 
freezing of the slab after 
placement on a moist 
subbase, which is 
evidenced from moist 
bottom 21/2 inches of core 
when received; and,  

(f) A No. 4 
reinforcing steel within 
the cracked bottom end, 
situated at a depth of 61/4 
in. from the top, which is 
not corroded (circled in 
the side cylindrical 
surface of core in the left 
photo).  
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Figure 16: Enlarged 
view of the wearing 
surface of Core S3B 
showing 
approximately 60 
percent of the 
surface is scaled 
due to loss of the 
original finished 
surface and 
exposure of near-
surface coarse 
aggregate particles. 
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Figure 17: Enlarged 
view of the bottom 
end of the core 
showing placement 
of the slab on a 
moist subbase 
where moisture 
from the subbase 
has penetrated to a 
distance of at least 
2 to 21/2 inches into 
the concrete as 
evidenced from the 
moist bottom 2 to 
21/2 inches of the 
core when received.   
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PETROGRAPHIC EXAMINATIONS 

LAPPED CROSS SECTIONS  

 
Figure 18: Two parallel lapped cross sections of Core S1B showing: (a) dense, dark gray near-surface low water-
cement ratio paste at the top smooth, flat, dense, hard trowel-finished surface due to loss of some mix water 
during trowel finishing operations; (b)  crushed stone coarse aggregate particles that are well-graded and well-
distributed throughout the depth of the core; (c) dense, and well-consolidated nature of concrete at this core 
location due to lack of any coarse entrapped voids throughout the depth of lapped cross section; and (d) dark gray 
paste at the bottom end of core due to loss of some mix water from the slab to the absorptive subbase on which 
the slab was placed without any vapor retarder in between the subbase and slab.  
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Figure 19: Three slices of lapped cross section of Core S1B showing: (a) the dense, dark gray, near-surface low 
water-cement ratio paste at the top smooth, flat, dense, hard trowel-finished surface due to loss of some mix water 
during trowel finishing operations, which is shown in the top photo; (b) a representative dense, well-consolidated, 
medium gray normal color tone of paste throughout the interior body of the slab from the trowel-finished top to 
absorptive bottom end, encompassing the entire interior body of slab in the middle photo; and, (c) dark gray paste 
at the bottom end of core due to loss of some mix water from the slab to the absorptive subbase on which the slab 
was placed without any vapor retarder in between the subbase and slab. 
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Figure 20: Two parallel lapped cross sections of Core S2B showing: (a) medium gray near-surface paste at the top 
smooth, flat, float-finished surface, which is not very different in average color tone of paste throughout the 
interior body (as opposed to darker gray paste found at the trowel-finished top surface of Core S1B); (b)  crushed 
stone coarse aggregate particles that are well-graded and well-distributed throughout the depth of the core; (c) 
dense, and well-consolidated nature of concrete at this core location due to lack of any coarse entrapped voids 
throughout the depth of lapped cross section; and (d) lack of any dark gray paste at the bottom end of core as 
found in Core S1B due to partial-depth retrieval of the core where the very bottom is missing.  
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Figure 21: Two parallel lapped cross sections of Core S3B showing: (a) medium gray near-surface paste at the top 
smooth, flat, float-finished and partially scaled surface, which is not very different in average color tone of paste 
throughout the interior body (as opposed to darker gray paste found at the trowel-finished top surface of Core S1B); (b)  
crushed stone coarse aggregate particles that are well-graded and well-distributed throughout the depth of the core; (c) 
dense, and well-consolidated nature of concrete at this core location due to lack of any coarse entrapped voids 
throughout the depth of lapped cross section; (d) lack of any dark gray paste at the bottom end of core as found in 
Core S1B; (e) extensive cracking at the bottom 2 inches (arrows) due to freezing of the slab after placement on a moist 
subbase, which is evidenced from moist bottom 21/2 inches of core when received; and (f) a No. 4 reinforcing steel 
within the cracked bottom end, situated at a depth of 61/4 in. from the top, which is not corroded (circled).  
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CONTRAST ENHANCEMENT OF LAPPED CROSS SECTIONS TO SHOW AIR VOIDS AND CARBONATION 

 
Figure 22: Contrast enhancements of a lapped cross section (left photo) of Core S1B to show (right photo): (a) the 
air voids by black and white contrast enhancement where a portion of the lapped cross section is blackened with 
a Sharpie marker pen followed by filling of air voids with zinc oxide powder to highlight all air voids in white 
against everything else in black; and (b) depth of carbonation of concrete (marked as white dashed line at the top 
rightmost photo) after treatment of a portion of lapped cross section with phenolphthalein alcoholic solution 
where the non-carbonated interior body has turned to pink discoloration whereas the carbonated top end of core 
retained the original gray color tone of paste.  
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Figure 23: Contrast enhancements of a lapped cross section (left photo) of Core S2B to show (right photo): (a) the 
air voids by black and white contrast enhancement where a portion of the lapped cross section is blackened with 
a Sharpie marker pen followed by filling of air voids with zinc oxide powder to highlight all air voids in white 
against everything else in black; and (b) depth of carbonation of concrete (marked as white dashed line at the top 
rightmost photo) after treatment of a portion of lapped cross section with phenolphthalein alcoholic solution 
where the non-carbonated interior body has turned to pink discoloration whereas the carbonated top end of core 
retained the original gray color tone of paste.  
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Figure 24: Contrast enhancements of a lapped cross section (left photo) of Core S3B to show (right photo): (a) the 
air voids by black and white contrast enhancement where a portion of the lapped cross section is blackened with 
a Sharpie marker pen followed by filling of air voids with zinc oxide powder to highlight all air voids in white 
against everything else in black; and (b) depth of carbonation of concrete after treatment of a portion of lapped 
cross section with phenolphthalein alcoholic solution where the non-carbonated interior body has turned to pink 
discoloration whereas the carbonated top end of core retained the original gray color tone of paste.  



 CONSTRUCTION MATERIALS CONSULTANTS, INC.  

Valley View Business Park, Archbald Building I, Archbald, PA 29 

 

MICROGRAPHS OF LAPPED CROSS SECTIONS 

 
Figure 25: Six micrographs of lapped cross section of Core S1B showing: (a) the overall non-air-entrained nature 
of concrete due to the absence of any fine, discrete, spherical and near-spherical less than 1 mm size intentionally 
introduced entrained air voids, except finding only a few near-spherical and irregular-shaped entrapped air voids 
that were formed due to mixing of cement with water; (b) dense, dark gray, low water-cement ratio near-surface 
densified trowel-finished surface region of concrete at the top 1 mm, where loss of some mix water due to trowel 
finishing operation has darkened the paste color; and, (c) dense, well-consolidated, and sound interior portion of 
the core with no evidence of any macro or microcracking or any distress. Scale bars are 0.5 mm. 
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Figure 26: Six micrographs of lapped cross section of Core S1B showing: (a) the overall non-air-entrained nature 
of concrete due to the absence of any fine, discrete, spherical and near-spherical less than 1 mm size intentionally 
introduced entrained air voids, except finding only a few near-spherical and irregular-shaped entrapped air voids 
that are formed due to mixing of cement with water; (b) dense, dark gray, low water-cement ratio near-surface 
densified trowel-finished surface region of concrete at the top 1 mm, where loss of some mix water due to trowel 
finishing operation has darkened the paste color; and, (c) dense, well-consolidated, and sound interior portion of 
the core with no evidence of any macro or microcracking or any distress. Scale bars are 0.5 mm. 
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Figure 27:  Six micrographs of lapped cross section of Core S1B showing: (a) the overall non-air-entrained nature 
of concrete due to the absence of any fine, discrete, spherical and near-spherical less than 1 mm size intentionally 
introduced entrained air voids, except finding only a few near-spherical and irregular-shaped entrapped air voids 
that were formed due to mixing of cement with water; (b) dense, dark gray, low water-cement ratio paste at the 
bottom end of core due to loss of some mix water to the absorptive subbase on which the slab was placed without 
any vapor retarder between the slab and the subbase; and, (c) dense, well-consolidated, and sound interior 
portion of the core with no evidence of any macro or microcracking or any distress. Scale bars are 0.5 mm. 
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Figure 28:  Six micrographs of lapped cross section of Core S2B showing: (a) the overall non-air-entrained nature 
of concrete due to the absence of any fine, discrete, spherical and near-spherical less than 1 mm size intentionally 
introduced entrained air voids, except finding only a few near-spherical and irregular-shaped entrapped air voids 
that are formed due to mixing of cement with water; (b) soft, porous, fragile, eroded paste at the float-finished 
surface region that is boxed in all photos showing sharp contrast from denser paste in the interior body, where 
finishing operations in the presence of some water at the surface have softened the paste at the top less than a 
millimeter of the finished surface region; this near-surface texture is different from trowel-densified denser and 
darker gray paste found at the top of Core S1B; and, (c) dense, well-consolidated, and sound interior portion of 
the core with no evidence of any macro or microcracking or any distress. Scale bars are 0.5 mm. 
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Figure 29: Six micrographs of lapped cross section of Core S2B showing: (a) the overall non-air-entrained nature 
of concrete due to the absence of any fine, discrete, spherical and near-spherical less than 1 mm size intentionally 
introduced entrained air voids, except finding only a few near-spherical and irregular-shaped entrapped air voids 
that are formed due to mixing of cement with water; (b) soft, porous, fragile, eroded paste at the float-finished 
surface region that is boxed in all photos showing sharp contrast from denser paste in the interior body, where 
finishing operations in the presence of some water at the surface have softened the paste at the top less than a 
millimeter of the finished surface region; this near-surface texture is different from trowel-densified denser and 
darker gray paste found at the top of Core S1B; and, (c) dense, well-consolidated, and sound interior portion of 
the core with no evidence of any macro or microcracking or any distress. Scale bars are 0.5 mm. 
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Figure 30: Six micrographs of lapped cross section of Core S2B showing: (a) the overall non-air-entrained nature 
of concrete due to the absence of any fine, discrete, spherical and near-spherical less than 1 mm size intentionally 
introduced entrained air voids, except finding only a few near-spherical and irregular-shaped entrapped air voids 
that are formed due to mixing of cement with water; and, (b) dense, well-consolidated, and sound interior portion 
of the core with no evidence of any macro or microcracking or any distress. Scale bars are 0.5 mm. 
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Figure 31: Six micrographs of lapped cross section of Core S3B showing: (a) the overall non-air-entrained nature 
of concrete due to the absence of any fine, discrete, spherical and near-spherical less than 1 mm size intentionally 
introduced entrained air voids, except finding only a few near-spherical and irregular-shaped entrapped air voids 
that are formed due to mixing of cement with water; and (b) soft, porous, fragile, eroded paste at the float-finished 
surface region that is boxed in top and bottom photos showing sharp contrast from denser paste in the interior 
body, where finishing operations in the presence of some water at the surface have softened the paste at the top 
less than a millimeter of the finished surface region; this near-surface texture is different from trowel-densified 
denser and darker gray paste found at the top of Core S1B; and, (c) dense, dark gray finished surface in areas 
where the finished surface is still present (middle photos). 
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Figure 32: Six micrographs of lapped cross section of Core S3B showing: (a) the overall non-air-entrained nature 
of concrete due to the absence of any fine, discrete, spherical and near-spherical less than 1 mm size intentionally 
introduced entrained air voids, except finding only a few near-spherical and irregular-shaped entrapped air voids 
that were formed due to mixing of cement with water; and, (b) dense, well-consolidated concrete that has 
developed numerous parallel cracks (arrows) at the bottom 2 to 21/2 inches of the core due to freezing of the slab 
bottom after placement on a moist subbase. Scale bars are 0.5 mm. 
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Figure 33: Six micrographs of lapped cross section of Core S3B showing: (a) the overall non-air-entrained nature 
of concrete due to the absence of any fine, discrete, spherical and near-spherical less than 1 mm size intentionally 
introduced entrained air voids, except finding only a few near-spherical and irregular-shaped entrapped air voids 
that were formed due to mixing of cement with water; and, (b) dense, well-consolidated concrete that has 
developed numerous parallel cracks (arrows) at the bottom 2 to 21/2 inches of the core due to freezing of the slab 
bottom after placement on a moist subbase. Scale bars are 0.5 mm. 
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THIN SECTIONS 

 
Figure 34: Blue dye-mixed 
epoxy-impregnated thin section 
of concrete in Core S1B scanned 
on a flatbed scanner, where air 
voids, and porous areas of paste 
are highlighted by blue epoxy.  

Thin section shows: (a) crushed 
sandstone-limestone coarse 
aggregate particles; (b) crushed 
fine sand; (c) denser paste at the 
finished surface region 
compared to the body; and (d) 
coarse near-spherical and 
irregularly-shaped entrapped air 
voids in concrete.  

Thin section is approximately 30 
microns (0.03 mm) in thickness 
and transparent to polarized-
light.  

  



 CONSTRUCTION MATERIALS CONSULTANTS, INC.  

Valley View Business Park, Archbald Building I, Archbald, PA 39 

 

Figure 35: Thin 
section of Core S1B 
seen in plane 
polarized mode with 
a transmitted-light 
stereo-zoom 
microscope having 
polarized light 
facility. Air voids and 
crushed sand fine 
aggregate are distinct 
as various lithologies 
of crushed stone 
coarse aggregate 
from arkosic 
sandstone to shale to 
limestone. 

The entire section is 
approximately 40 
mm by 60 mm in 
size, scanned by a 
commercial whole-
slide scanning 
software by placing 
the thin section on 
the transparent base 
of an Olympus 
SZX12 stereo-zoom 
microscope and 
moving the  manual 
XY stage to cover the 
entire thin section. 
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Figure 36: Thin section 
of Core S1B seen in 
crossed polarized mode 
with a transmitted-light 
stereo-zoom 
microscope having 
polarized light facility. 
Air voids and crushed 
sand fine aggregate are 
distinct as various 
lithologies of crushed 
stone coarse aggregate 
from major amount of 
arkosic sandstone to 
subordinate shale to 
limestone. 

The entire section is 
approximately 40 mm 
by 60 mm in size, 
where multiple images 
were captured with a 
high-resolution and 
high frame-rate Basler 
industrial camera 
attached to an 
Olympus SZX12 stereo-
zoom microscope with 
XY stage and plane and 
crossed polarized-light 
facilities, and 
eventually stitched by a 
commercial image 
stitching software 
(Microsoft’s Image 
Composite Editor). 
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Figure 37: Blue dye-mixed epoxy-
impregnated thin section of 
concrete in Core S2B scanned on 
a flatbed scanner, where air voids, 
and porous areas of paste are 
highlighted by blue epoxy.  

Thin section shows: (a) crushed 
sandstone-limestone coarse 
aggregate particles; (b) crushed 
fine sand; (c) denser paste at the 
finished surface region compared 
to the body; and (d) coarse near-
spherical and irregularly-shaped 
entrapped air voids in concrete.  

Thin section is approximately 30 
microns (0.03 mm) in thickness 
and transparent to polarized-light.  
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Figure 38: Thin 
section of Core S2B 
seen in plane 
polarized mode with 
a transmitted-light 
stereo-zoom 
microscope having 
polarized light 
facility. Air voids and 
crushed sand fine 
aggregate are distinct 
as various lithologies 
of crushed stone 
coarse aggregate from 
arkosic sandstone to 
shale to limestone. 

The entire section is 
approximately 40 mm 
by 60 mm in size, 
scanned by a 
commercial whole-
slide scanning 
software by placing 
the thin section on 
the transparent base 
of an Olympus SZX12 
stereo-zoom 
microscope and 
moving the  manual 
XY stage to cover the 
entire thin section. 
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Figure 39: Thin 
section of Core S2B 
seen in crossed 
polarized mode with a 
transmitted-light 
stereo-zoom 
microscope having 
polarized light facility. 
Air voids and crushed 
sand fine aggregate 
are distinct as various 
lithologies of crushed 
stone coarse aggregate 
major amount of 
arkosic sandstone to 
subordinate shale to 
limestone. 

The entire section is 
approximately 40 mm 
by 60 mm in size, 
where multiple images 
were captured with a 
high-resolution and 
high frame-rate Basler 
industrial camera 
attached to an 
Olympus SZX12 
stereo-zoom 
microscope with XY 
stage and plane and 
crossed polarized-light 
facilities, and 
eventually stitched by 
a commercial image 
stitching software 
(Microsoft’s Image 
Composite Editor). 
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Figure 40: Blue dye-mixed epoxy-
impregnated thin section of 
concrete in Core S3B scanned on a 
flatbed scanner, where air voids, 
and porous areas of paste are 
highlighted by blue epoxy.  

Thin section shows: (a) crushed 
sandstone-limestone coarse 
aggregate particles; (b) crushed fine 
sand; (c) denser paste at the finished 
surface region compared to the 
body; and (d) coarse near-spherical 
and irregularly-shaped entrapped 
air voids in concrete.  

Thin section is approximately 30 
microns (0.03 mm) in thickness and 
transparent to polarized-light.  
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Figure 41: Thin 
section of Core S3B 
seen in plane 
polarized mode with 
a transmitted-light 
stereo-zoom 
microscope having 
polarized light 
facility. Air voids and 
crushed sand fine 
aggregate are distinct 
as various lithologies 
of crushed stone 
coarse aggregate 
from arkosic 
sandstone to shale to 
limestone. 

The entire section is 
approximately 40 
mm by 60 mm in 
size, scanned by a 
commercial whole-
slide scanning 
software by placing 
the thin section on 
the transparent base 
of an Olympus 
SZX12 stereo-zoom 
microscope and 
moving the  manual 
XY stage to cover the 
entire thin section. 
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Figure 42: Thin section 
of Core S3B seen in 
crossed polarized mode 
with a transmitted-light 
stereo-zoom 
microscope having 
polarized light facility. 
Air voids and crushed 
sand fine aggregate are 
distinct as various 
lithologies of crushed 
stone coarse aggregate 
from major amount of 
arkosic sandstone to 
subordinate shale to 
limestone. 

The entire section is 
approximately 40 mm 
by 60 mm in size, 
where multiple images 
were captured with a 
high-resolution and 
high frame-rate Basler 
industrial camera 
attached to an 
Olympus SZX12 stereo-
zoom microscope with 
XY stage and plane and 
crossed polarized-light 
facilities, and 
eventually stitched by a 
commercial image 
stitching software 
(Microsoft’s Image 
Composite Editor). 
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MICROGRAPHS OF THIN SECTIONS 

 
Figure 43: Mosaic 
of six micrographs 
from the surface 
region of concrete 
in Core S1B 
showing:  

(a) Abundant 
residual Portland 
cement particles 
and denser paste at 
the finished surface 
region;  

(b) Fine, hair-line 
vertical craze 
microcracks at the 
surface (arrows) and 
carbonation of paste 
along the 
microcracks; and, 

(c) Golden yellow 
birefringence of 
carbonated paste at 
the surface 
compared to darker 
non-carbonated 
paste in the body 
seen in XPL mode 
in the right column.  
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Figure 44: 
Micrographs of thin 
section of concrete in 
Core S1B showing 
major amounts of 
crushed stone coarse 
aggregate particles 
consisting of detrital 
quartz-feldspar 
(arkosic) sandstone 
and sericitic mica in 
the interstates of 
detrital particles in 
sandstone, and 
subordinate amounts 
of crushed shale and 
limestone particles in 
coarse aggregate.  
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Figure 45: Micrographs 
of thin section of 
concrete in Core S1B 
showing microstructures 
of paste at the surface 
region (top and middle 
row photos) and in the 
interior (bottom row).  

 
Surface region shows 
carbonation, fine hair-
line vertical craze 
microcracks, 
carbonation along 
microcracks, abundant 
residual Portland 
cement particles 
compared to interior 
due to loss of some mix 
water by finishing 
operations. 

 
Interior body shows 
well-hydrated cement as 
well as reasonably 
dense paste containing 
calcium hydroxide and 
calcium silicate 
aluminate hydrate 
components of cement 
hydration. 

. 
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Figure 46: Mosaic of eight 
micrographs from the surface 
region of concrete in Core S2B 
showing:  

(a) Few residual Portland 
cement particles and porous 
carbonated paste at the finished 
surface region, which is 
contrary to denser paste with 
abundant residual cement 
found in Core S1B;  

(b) Fine, hair-line vertical craze 
microcracks at the surface 
(arrows) and carbonation of 
paste along the microcracks;  

(c) Golden yellow birefringence 
of carbonated paste at the 
surface compared to darker 
non-carbonated paste in the 
body seen in XPL mode in the 
right column; and, 

(d) Depth of carbonation of 
paste marked by dashed yellow 
lines in XPL photos in the right 
column.   

. 
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Figure 47: 
Micrographs of thin 
section of concrete in 
Core S2B showing 
major amounts of 
crushed stone coarse 
aggregate particles 
consisting of detrital 
quartz-feldspar 
(arkosic) sandstone 
and sericitic mica in 
the interstates of 
detrital particles in 
sandstone. 
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Figure 48: Micrographs of 
thin section of concrete in 
Core S2B showing 
microstructures of paste at 
the surface region (top and 
middle row photos) and in 
the interior (bottom row).  

 
Surface region shows 
carbonation, fine hair-line 
vertical craze microcracks, 
carbonation along 
microcracks, a few residual 
Portland cement particles 
mostly having dark brown 
ferrite residues, and soft, 
porous well-hydrated nature 
of paste. 

 
Interior body shows well-
hydrated cement as well as 
reasonably dense paste 
containing calcium 
hydroxide and calcium 
silicate aluminate hydrate 
components of cement 
hydration. 
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Figure 49: Mosaic of 
eight micrographs 
from the surface 
region of concrete in 
Core S3B showing:  

(a) Few residual 
Portland cement 
particles and porous 
carbonated paste at 
the finished surface 
region which is 
contrary to denser 
paste with abundant 
residual cement found 
in Core S1B;  

(b) Fine, hair-line 
vertical craze 
microcracks at the 
surface (arrows) and 
carbonation of paste 
along the 
microcracks;  

(c) Golden yellow 
birefringence of 
carbonated paste at 
the surface compared 
to darker non-
carbonated paste in 
the body shown in 
XPL mode in the right 
column; and, 

(d) Depth of 
carbonation of paste is 
marked by dashed 
yellow lines in XPL 
photos in the right 
column.   
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Figure 50: 
Micrographs of thin 
section of concrete 
in Core S3B 
showing major 
amounts of crushed 
stone coarse 
aggregate particles 
consisting of 
detrital quartz-
feldspar (arkosic) 
sandstone and 
sericitic mica in the 
interstates of 
detrital particles in 
sandstone, and 
subordinate 
amounts of crushed 
limestone particles 
in coarse aggregate. 
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Figure 51: Micrographs 
of thin section of 
concrete in Core S3B 
showing microstructures 
of paste at the surface 
region (top and middle 
row photos) and in the 
interior (bottom row).  

 
Surface region shows 
carbonation, fine hair-
line vertical craze 
microcracks, 
carbonation along 
microcracks, a few 
residual Portland cement 
particles mostly having 
dark brown ferrite 
residues, and soft, 
porous well-hydrated 
nature of paste. 

 
Interior body shows 
well-hydrated cement as 
well as reasonably dense 
paste containing calcium 
hydroxide and calcium 
silicate aluminate 
hydrate components of 
cement hydration. 

. 
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COARSE AGGREGATES  

Coarse aggregates are compositionally similar crushed stones containing major amounts of arkosic (detrital quartz 

> detrital feldspar and interstitial sericitic mica) sandstone, and subordinate amounts of crushed limestone, and 

occasional crushed shale particles having nominal maximum sizes of 1 inch (25 mm). Due to the variations in 

sedimentary lithologies of crushed stones, particles are variably dense to porous, and variably colored from light 

to dark gray. Particles are equidimensional to elongated, angular, unaltered, uncoated, unreacted, and uncracked.  

Coarse aggregate particles are well-graded and well-distributed.  Despite having some detrital strained quartz and 

quartzite particles in the sandstone, which are potentially alkali-silica reactive, there is, however, no evidence of 

such a reaction of strained detrital quartz particles of crushed sandstone in concrete, which is also not anticipated 

given the very recent age of the concrete.  Coarse aggregate particles have been sound and did not contribute to 

the surface distress. The minor amount of crushed shale particles in crushed stone, however, can be potentially 

unsound if present immediately beneath the finished surface and exposed to moisture during service to become 

saturated. Given the dense trowel-finished surface of the slab at the location of Core S1B, however, such a 

possibility of moisture intrusion to the point of saturation of any shale particles seems unlikely.   

FINE AGGREGATES  

Fine aggregates are compositionally similar crushed silica sand in all three samples having nominal maximum 

sizes of 3/8 in. (9.5 mm) where siliceous component contains major amounts of quartz, and subordinate amounts 

of quartzite, feldspar, and other siliceous materials.  Particles are clear to off-white, angular, dense, hard, 

equidimensional to elongated, unaltered, uncoated, and uncracked.  Fine aggregate particles are well-graded and 

well-distributed.  There is no evidence of alkali-aggregate reaction of fine aggregate particles in the concrete.  Fine 

aggregate particles have been sound during their service in the concrete and did not contribute to the reported 

surface distress of slab.  

The following Table summarizes properties of coarse and fine aggregates in the samples.  

Properties and Compositions of Aggregates All 3 cores 

Coarse Aggregates 

Types Crushed Stones 

Nominal maximum size (in.) 1 inch (25 mm) 

Rock Types 
Major amounts of arkosic (detrital quartz > detrital feldspar and 

interstitial sericitic mica) sandstone, subordinate amounts of 
crushed limestone, and occasional crushed shale 

Angularity, Density, Hardness, Color, Texture, 
Sphericity 

Variably dense to porous, and variably colored from light to dark 
gray.  

Cracking, Alteration, Coating 
Particles are equidimensional to elongated, angular, unaltered, 

uncoated, unreacted, and uncracked 
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Properties and Compositions of Aggregates All 3 cores 

Grading & Distribution Well-graded and Well-distributed 

Soundness Sound 

Alkali-Aggregate Reactivity Not found 

Fine Aggregates 

Types Crushed silica sand 

Nominal maximum size (in.) 3/8 in. (9.5 mm) 

Rock Types 
Major amounts of quartz, and subordinate amounts of quartzite, 

feldspar, and other siliceous materials 

Cracking, Alteration, Coating 
Clear to off white, angular, dense, hard, equidimensional to 

elongated 

Grading & Distribution Well-graded and Well-distributed 

Soundness Sound 

Alkali-Aggregate Reactivity None 
Table 2: Properties of coarse and fine aggregates of concrete. 

PASTE  

Properties and composition of hardened cement pastes are summarized in Table 2.  Pastes are moderately dense, 

medium gray, uniform in color throughout the interior bodies of concrete except some variations in color tones 

found mostly in Core S1B from loss of some mix water during trowel finishing to create a denser darker gray paste 

at the top 5 to 6 mm, and loss of some mix water to the absorptive subbase to create similarly dark gray paste at 

the bottom few millimeters of slab. Freshly fractured surfaces have subvitreous lusters and subconchoidal textures.  

Residual and relict Portland cement particles are present and estimated to constitute 8 to 10 percent of the paste 

volumes in the bodies. However, surface regions show either higher amount and less hydrated cement in Core 

S1B due to trowel-finishing operations, or lower and well hydrated cement in the other two cores where the 

finishing practices employed were different than the one at the location of Core S1B.  Besides Portland cement, no 

other pozzolanic or cementitious materials are found. Hydration of Portland cement is normal in the interior 

bodies. 

Properties and Compositions of Paste All 3 cores 

Color, Hardness, Porosity, Luster 

Moderately dense, medium gray, uniform in color throughout the 
interior of concrete except some variations in color tones found 
mostly in Core S1B from loss of some mix water during trowel 
finishing to create a denser darker gray paste at the top 5 to 6 mm, 
and loss of some mix water to the absorptive subbase to create 
similarly dark gray paste at the bottom few millimeters of slab. 
Freshly fractured surfaces have subvitreous lusters and 
subconchoidal textures. 

Residual Portland Cement Particles Normal, 8 to 10 percent of the paste volumes 

Calcium hydroxide from cement hydration Normal, 10 to 14 percent by paste volume in the interior 

Pozzolans, Slag, etc. None 
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Properties and Compositions of Paste All 3 cores 
Water-cementitious materials ratio (w/cm), 

estimated 
0.45 to 0.50 in the body  

Cement Content (bags per cubic yard) 6 to 61/2  

Secondary Deposits None 

Depth of Carbonation, mm 
Less than 5 mm from the exposed end of the cores (less in Core S1B 

due to finishing-induced densification of surface) 

Microcracking 
Fine hair-line vertical craze microcracks at the surface region of 

Core S1B and a few similar ones at the surface region of other two 
cores but none in the interior bodies 

Aggregate-paste Bond Tight 

Bleeding, Tempering None 

Chemical deterioration  None  
Table 3: Proportions and composition of hardened cement pastes. 

The textural and compositional features of the pastes are indicative of Portland cement contents estimated to be 6 

to 61/2 bags per cubic yard, and, water-cement ratios (w/c) estimated to be 0.45 to 0.50 in the interior bodies of 

concrete.   

AIR 

Concrete in all three cores are non-air-entrained having air contents estimated to be less than 1 percent. Figure 52 

shows black and white contrast enhancement technique of Peterson et al. (2016) to determine air-void parameters 

of concrete by the flatbed scanner method where air voids are highlighted in white by filling all voids with white 

zin oxide powder against a black background of everything else. The flatbed scanner method of determination of 

air-void parameters of concrete by Peterson et al. 2016 showed 1.14% air in Core S1B, 1.69% air in Core S2B, 

2.81% air in Core S3B, and other air-void parameters indicative of an overall non-air-entrained concrete with no 

evidence of intentional addition of an air-entraining agent. Image analysis of thin sections of cores after black and 

white conversions in Image J (Figure 53) also shows similar trends of low air contents but at slightly higher air 

contents due to inclusion of more voids and epoxy-filled areas in thin sections compared to lapped sections.  

DISCUSSIONS 

CONFORMANCE OF CONCRETE TO THE MIX DESIGN 

Based on detailed petrographic examinations the concrete represented by all three cores are found to be 

compositionally similar and in conformance to the reported mix design in terms of the concrete ingredients and 

mix proportions. Properties and compositions of sound interior concretes in all three cores are also in 

conformance to the reported compressive strengths of concrete cylinders, all of which have shown achievement 

in excess of 4000-psi 28-day design strength by as early as 7 days of laboratory curing.  
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Figure 52: Black and white contrast enhancement of half longitudinal lapped cross section of each core by filling 
all air voids with white zinc oxide powder and darkening everything else with a black Sharpie marker pen so that 
only voids are highlighted. Such treatments were scanned on flatbed scanner to calculate air content and air void 
parameters by the flatbed scanner method of Peterson et al. (2016).  
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Figure 53: Image analyses of air voids 
captured from plane-polarized light images 
of thin sections in Figures 35, 38, and 41, 
where air-voids highlighted in blue epoxy 
are converted to black and white images in 
Image J (shown in corresponding right 
photos); then the voids including all pore 
spaces and cracks (e.g., in Core 3B) thus 
separated are calculated as percentages of 
total areas. Each section represents 
approximately 40 mm by 60 mm area 
covered in image analysis. This thin section 
area is about one-third of 12 sq. in. area 
usually recommended for air-void analysis 
by ASTM C 457, but is representative of the 
entire section under examination.   
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SOUND CONCRETE  

There is no evidence of any chemical or physical deterioration of concrete found in the interior bodies except 

some surface scaling only at the top 1 mm of Core S3B and surface-parallel cracking at the bottom 2 inches of 

Core S3B.  

Due to the reported indoor applications of the slab, the sound condition of concrete in the main interior bodies 

across the three cores indicate their long-term serviceability as long as the concrete is not exposed to a moist 

outdoor environment of freezing during service as it did during the placement. The non-air-entrained nature of 

concrete is beneficial for its indoor placement, especially for trowel finishing operations of slab at the location of 

Core S1B, but it can turn detrimental if a portion of slab becomes exposed to moisture and freezing during service.  

CRACKING AT THE BOTTOM END OF SLAB FROM PLACEMENT ON A FROZEN SUBBASE 

Cracking at the bottom 2 inches of Core S3B is due to placement of a non-air-entrained concrete on a frozen 

absorptive subbase without any vapor retarder and freezing at the plastic or semi-plastic state. Such cracking is 

not found at the top exposed ends of any of the three cores or at the bottom ends of other two cores, except 

possibly at the location of Core S2B, where partial depth retrieval of the core could be due to the presence of 

cracking within the bottom few inches of the slab at that core location. 

FREEZING-RELATED SURFACE SCALING  

Scaling at the locations of Cores S2B and S3B are due to exposure of a non-air-entrained concrete at an early 

stage (i.e. prior to the attainment of concrete maturity) to the subfreezing temperatures and snow.  

LACK OF ANY SURFACE DELAMINATION DUE TO LACK OF ENTRIANED AIR  

Lack of entrained air in the slab has been beneficial for lack of any near-surface delamination especially in the 

trowel-finished portion of the slab at the location of Core S1B.  

SOUND FUTURE SERVICEABILITY IN AN INDOOR ENVIRONMENT 

In summary, based on detailed petrographic examinations the slab is judged to be serviceable in an indoor 

environment.  
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The above conclusions are based solely on the information and samples provided at the time of this investigation.  The conclusion may 
expand or modify upon receipt of further information, field evidence, or samples. Samples will be returned after submission of the report as 
requested.  All reports are the confidential property of clients, and information contained herein may not be published or reproduced pending 
our written approval. Neither CMC nor its employees assume any obligation or liability for damages, including, but not limited to, 
consequential damages arising out of, or, in conjunction with the use, or inability to use this resulting information. 
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1 The CMC logo is made using a lapped polished section of a 1930’s concrete from an underground tunnel in the 
U.S. Capitol. 


