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SECTION C. GEOTECHNICAL INVESTIGATION 

 
 

C.1 Introduction 

 

The purpose of this section is to determine the general subsurface conditions by obtaining 

subsurface samples of the existing subgrade soils and evaluating these with respect to the 

apron pavement reconstruction criteria for the proposed project.  Refer to Appendix C 

for the exhibits referred to in this section. 

 

C.2 Site Investigation 

 

In the following discussion we have referred to the fifteen soil borings, which were 

drilled in conjunction with the Standard Penetration Test (SPT), as the geotechnical 

borings, and the eighty-five soil borings conducted with macro core sampling as the 

direct push technology borings.   The direct push borings are further discussed in 

Section D.  Subsurface Environmental Investigation. 

 

Fifteen (15) soil test borings – B-1 through B-15 - were drilled on the existing apron 

during March 17 through 19, 2010.  All borings were drilled to a depth of 15 feet.  The 

borings were spread over the apron area.  These borings were drilled with a truck-

mounted drill rig. The boring locations are shown on the boring location plan labeled 

Exhibit C.1 in Appendix C.  Split-spoon samples were obtained by the Standard 

Penetration Test (SPT) method in all of the borings.  Samples were obtained at an interval 

of one foot in the top ten feet and then between the depth range of 13.5 to 15.0.   

 

Logs of borings with groundwater level observations have been included in Appendix C of 

this report.  The logs show visual description of the soil strata encountered.   
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Definitions of the terms and symbols used on the logs and explanations of the SPT 

procedure are included in Appendix C. 

 

The split-spoon samples were inspected and reclassified by the project geotechnical 

engineer and the boring logs were edited as necessary.  To aid in classifying the soils and 

to determine general soil characteristics, natural moisture contents were determined for 

all the split-spoon samples and Atterberg Limits tests were performed on selected split-

spoon samples.  Some of the intact split-spoon samples were also tested for unconfined 

compressive strength.  We recognize that the split-spoon samples are disturbed and the 

results would not be accurate; however, the results are anticipated to be conservative and 

sufficient to give some indication of the shear strengths of the soils.  The results of 

moisture content determination tests on split-spoon samples are included on the boring 

logs and the results of the Atterberg Limits tests along with the results of the Fractional 

Organic Carbon tests are presented on a summary sheet in Appendix C. 

 

C.3 Site Conditions 

 

The site is located in a belt of loess (a finely ground rock flour resulting from glacial 

erosion) that extends back of the east bank of the Mississippi River across the states of 

Tennessee and Kentucky. Loess rests on river terrace deposits of Pleistocene age.  Under 

these are hard marine clays and dense sands of Eocene age.  Some of the borings at the site, 

however, showed a few feet of manmade fill. 

 

The earthquake hazard map from the United States Geologic Survey (USGS) indicates that 

the area of the site has an effective peak velocity-related acceleration coefficient (Av) of 

about 0.20 and effective peak acceleration (Aa) of also 0.20.  The soil profile type, as 

defined by the Unified Building Code, is typically S2, for which the corresponding site 

coefficient is 1.2.  Only locally, though, the soil profile type is inferred to be S3, for which 

 

 



____________________________________________________________________________________________________________ 
 Memphis International Airport 
 
 

 
Planning Study August 25, 2010 Page 9 
Terminal Apron Reconstruction  DRAFT 

the corresponding site coefficient is 1.5.  However, after implementing site preparation and 

earthwork construction as recommended later in this report, the entire soil profile is 

expected to be S2.  A review of the groundwater level data, soil type, and 

consistencies/relative densities that are reflected by the SPT tests indicate that there is no 

potential for liquefaction in the soils investigated at this site in the event of a major 

earthquake. 

 

Existing pavement, which consists of a concrete pavement, underlain by a cement treated 

base (CTB) course and soil-cement sub base course, was cored through in all borings.  

While the CTB base course could be drilled through in the larger diameter geotechnical 

borings, it was difficult to separate the CTB base course from the soil-cement sub base 

course in the smaller diameter direct push technology borings. We have presented the 

pavement thicknesses as measured in the geotechnical borings in a tabular form in 

Appendix C, as well as noted on the boring logs. 

 

In the cores obtained from the geotechnical borings the concrete thickness varied from a 

minimum of 10.5 inches to a maximum of 18 inches.  Typically, though, the average 

concrete thickness was 13 inches.  The CTB course was found to be consistently 12 

inches thick in these borings.  Soil-cement course thickness could be obtained in some of 

the borings and they are noted on the appropriate boring logs. 

 

In the cores obtained from the direct push technology borings the concrete thickness 

varied from a minimum of 10.5 inches to a maximum of 21 inches.  Typically, though, 

the average concrete thickness was 13.5 inches.  The CTB plus soil-cement courses were 

found to vary considerably in these borings – from 1 to 18 inches.  We attribute these 

erratic results to the fact that the direct push technology diameter is smaller and, 

therefore, it is very difficult to obtain good cores in CTB and soil-cement.  While in some  

cases no cores could be obtained in CTB and soil-cement, in other cases it was difficult to 

delineate the CTB and soil-cement interface.  It is our opinion that while the CTB core 

results from geotechnical borings are essentially dependable, only the concrete 

thicknesses are meaningful in direct push technology borings. Compressive strength tests 
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were preformed on selected samples from the cement treated base. The results of these 

tests are in Appendix C.  

 

Since the direct push technology borings were not performed with SPT sampling, and 

they were primarily to detect the presence of jet fuel, we present the following discussion 

based only on the geotechnical borings.  Refer to Section D.  Subsurface 

Environmental Investigation for a further discussion of the direct push technology 

borings. 

 

Based on visual observations, some of the borings were entirely in natural soils, some of 

the borings were entirely in fill, and the other borings were partially in fill and partially in 

natural soils.  The following TABLE C.1 presents extents of fill soils in the geotechnical 

borings as inferred from our sample inspection: 

TABLE C.1 

Boring  
Number 

Inferred Depth  
Of Fill Soils 

Boring  
Number 

Inferred Depth 
of Fill Soils 

1 None 9 None 

2 None 10 15’ 

3 15’ 11 8’ 

4 None 12 8’ 

5 5’ 13 5’ 

6 None 14 15’ 

7 15’ 15 None 

8 5’   

 

TABLE C.1 NOTES: 

1. All borings were terminated at a depth of 15’.  Thus, when the inferred 

depth of fill is given as 15’, it implies to the depth extent of the boring. 

2. The depths given in the above table are with reference to the existing 

surface.  Thus, the pavement is included in the depths given. 
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3. Although no fill is mentioned in B-2, a small amount of sand and gravel 

was noted at the top of the first sample at 3.5’ – 5.0’. 
 

The natural as well as the fill soils consist of silty clays (CL) or clayey silts (ML).  The 

natural soils frequently consisted of higher plasticity silty clays.  Rarely the fill soils 

contained gravel pieces.  The symbols within the above parenthesis are as per the Unified 

Soil Classification System. The classification is either based on actual tests or inferred 

from sample inspection.   
 

The SPT blow counts in the fill as well as natural soils were generally indicative of stiff 

to very stiff consistencies, indicating natural soils with relatively high shear strengths and 

well-compacted and also of relatively high shear strength fill soils.  The only exception to 

this statement is the natural soils in boring B-9.  Soil samples in this boring were 

consistently very moist and appeared to be of mediocre strength.  As far as the SPT blow 

counts are concerned, they depicted a stiff consistency in sample 1 at 3.5’ – 5.0’ and 

sample 4 at 13.5’ – 15.0’.  The two in between samples reflected a medium stiff 

consistency. 
 

C.4 Groundwater 
 

Groundwater levels were noted at time of drilling and at completion of drilling.  No water 

was encountered in any of the fifteen geotechnical borings, either during drilling or at 

completion of drilling.  In the direct push technology borings, water was encountered in 

nine of the boring locations. 

 

The depth of water is shown on the boring logs. All of the borings where water was 

encountered are in the area of Concourse “A”. Specifically, borings P10, P71, P72, P73, 

P74, P75, P76, P77, and P83. We believe this water is not naturally occurring ground 

water, and may be from a leak in an underground water supply pipe in the area. 
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C.5 Discussion And Recommendations 

 

In general, this investigation shows that the soils in the project area are competent enough 

to support the apron pavement after some site work as per the recommendations given 

later in this section.  Even so, the following two geotechnical issues revealed by this 

investigation should be addressed during the design phase of the project: 

 

1. Fill is indicated to be present in several borings, and the fill thickness varies 

from minor to 15+ feet.  We note that the borings were terminated at 15 feet. 

 

2. As discussed above, boring B-9 exhibited questionable conditions in what 

appear to be natural soils. 

 

As far as the first issue is concerned, we note that it would not be feasible to completely 

characterize these soils based on the data from our investigation consisting of small 

diameter soil test borings that were spaced several feet apart. However, borings 

consistently indicated well-compacted fill.  We still recommend that these soils should be 

carefully reviewed after the existing pavement is removed. 

 

Regarding the second issue we recommend one or more test pits in the area represented 

by boring B-9.  The purpose of these test pits would be to observe the field conditions 

with a better perspective and decide upon the vertical and lateral extents of undercutting 

needed to remove the questionable soils depicted by B-9. 

 

C.6 Site Preparation and Earthwork 
 

We recommend that after all lifts of the existing pavement are removed, the subgrade 

should be excavated to proposed subgrade and then inspected by a qualified soils 

engineer.  At the same time, the subgrade should be proof rolled with a loaded dump 

truck weighing at least 25 tons.  Additionally, test pits should be excavated randomly in 

the fill areas (soil borings should be used as guide for this) and specifically in the boring 
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B-9 area.  Based on the soil borings, we anticipate well-compacted fill, but field 

conditions may dictate some undercutting.  Based on the inspection, proof rolling, and 

observation of the test pits all soft, wet, loose, organics, and miscellaneous materials 

should be completely removed from the site and replaced with well-compacted material 

as recommended below. 

 

Since the proposed pavement section is slightly thicker than the existing pavement 

section, it should be noted that apron reconstruction will require minimal, if any, fill.  

Nevertheless, if any areas require fill, then said fill should be brought to grade using a 

clean, select, non-expansive fill, free of wet material, organics, debris or other deleterious 

matter and having a plasticity index between 10 and 20 and a liquid limit less than 45.  

Fill should be placed at moisture contents within two percentage points of optimum in no 

more than 8-inch thick loose-depth lifts. Each lift should be compacted to a minimum 

dry density of 95 percent of the maximum dry density with the exception of the top 

twelve inches, which should be compacted to 98 percent of the maximum dry density 

as obtained by the Modified Moisture-Density relationship (Modified Proctor) 

(ASTM D-1557).  The compaction obtained and soil materials provided for each lift 

should be inspected and approved by a geotechnical engineer before another lift is added.  

Backfill of utility trenches should also comply with these recommendations. These 

requirements are in conformance with AC 150/5320-6C Chapter 3, Section 3 of the 

Federal Aviation Administration’s Standards for Airport Construction.  
 

Some of the soils at this site are very silty and low to moderate plasticity materials that 

are prone to losing appreciable amount of shear strength due to disturbances.  Every 

attempt should be made to minimize disturbances to the very silty soils when they are 

exposed at subgrade or exist near surface. 
 

C.7 Apron Pavement Design Recommendations 
 

We evaluated the subgrade conditions based on the soil borings and laboratory tests 

consisting of moisture content determinations, Atterberg limits, and unconfined 
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compression tests.  We gave due weight to the fact that there is significant quantity of fill 

at this project site.  For any additional or replacement fill we assumed silty clay/clayey 

silt type of fill material and degree of fill compaction as per the previous 

recommendations.  The field and laboratory data obtained was empirically correlated to 

bearing capacity and CBR, which can also be correlated to the modulus of subgrade 

reaction.  In addition to the unconfined compression strength tests conducted on some of 

the samples, SPT blow counts and liquidity index (natural moisture content - plastic 

limit/plasticity index) were used to estimate unconfined compressive strengths, which 

were correlated to the bearing capacities and CBR values.  In our opinion, this method 

allows us to get an overview of the soils in the entire project area to a “significant” depth.  
 

Subject to site preparation and earthwork under controlled conditions as previously 

recommended, we recommend for the pavement subgrade a CBR value of 6 or a modulus 

of subgrade reaction value of 160 pci. 
 

Refer to Section H. Pavement Evaluation and Design for further information regarding 

pavement designs.  Also, refer to Section D. Subsurface Environmental Investigation 

for a further discussion of the direct push boring results.  

 

Refer to Appendix C. for the exhibits referred to in this section. 
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SECTION D. SUBSURFACE ENVIRONMENTAL INVESTIGATION 

 

 

D.1 Introduction 

 

The purpose of this study is to determine the general subsurface conditions by drilling 

soil test borings and to evaluate these with respect to the possibility of the apron area 

subsurface soil being contaminated by jet fuel leaking from the existing hydrant fuel 

system. 

 

Refer to Appendix D for the exhibits referred to in this section. 

 

D.2 Site Investigation 

 

A total of eighty-five (85) borings were drilled utilizing direct push technology from 

March 17 through 25, 2010.  The locations of the direct push technology borings were 

picked at random along the existing underground refueling line.  The existing jet fuel 

pipeline was physically located by electronic methods and then marked on the surface.  

The offset to the pipe was carefully considered, since the closer to the pipe the increased 

likelihood of finding jet fuel but also increased risk of damaging the pipe from the 

sampling effort.  After some debate, a preferred offset of 6 feet was established and 

utilized in the field.  However, this offset was adjusted in the field at a few locations 

when a subsurface feature, such as another utility, was conflicting.  The direct push 

technology locations are shown on Exhibits D.1 and D.2 in Appendix D. 

 

The concrete pavement and underlying layers were cored and the thicknesses recorded.  

A 4 foot long macro core sampler loaded with a new polyvinyl chloride liner was 

advanced through the full depth of the sample interval.  The sampler was retracted and 
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the liner was removed.  The sample was cut open and scanned with a Photo Ionization 

Detection Instrument (minieRAE 3000) for Volatile Organic Compounds (VOC).   

 

These results can be found on the direct push log for each sample.  The sampler was 

decontaminated utilizing a wash with an anionic liquid detergent (liquinox) and a potable 

water rinse.  The sampler was loaded with a new polyvinyl chloride liner and was 

advanced to the next sample interval.  This procedure was repeated to the boring 

termination depth.  One sample from each direct push technology boring was submitted 

to an analytical laboratory (GTW Analytical Laboratories) for testing.  The sample 

submitted was the highest Photo Ionization Detection (PID) reading from that boring.  If 

all the PID readings for a boring were below the instruments detection level, then a 

composite sample was submitted for that boring.   

 

The results of these tests can be found in Appendix D.1 and D.2 and noted on the direct 

push technology boring log.  The concrete cores taken on each direct push technology 

hole were measured and a picture taken, as indicated in Appendix D.3.  The cement 

treated base/soil cement was noted on the boring logs and on a table found in Appendix 

D.3.  It is important to note that the referenced lengths are amounts recovered, not totally 

representative of what actually may exist at each location. 

 

D.3 Laboratory Testing 

 

The direct push technology samples submitted to the analytical laboratory were analyzed 

for a jet fuel fingerprint in accordance with EPA Method 8015B, Nonhalogenated 

Organics Using GC/F10.  These results and explanation of results can be found in 

Appendix D.2.  

 

The analytical results show a “Yes” or “No” answer on whether jet fuel was found in the 

sample.  The Diesel Range Organics (DRO) are shown in mg/Kg (or parts per million).  

Organics found in these ranges have less burn time and are lighter than Oil Range 

Organics (ORO) when compared on a gas chromatograph.  Jet fuel would typically be 
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found in the DRO range.  Waste oil, motor oil, and hydraulic oil would be typical of the 

ORO range. 

 

D.4 Findings 

 

A review of the analytical test results show various quantities of DRO/ORO in the 

samples submitted for this project.  As indicated on Table D.1, twenty-three samples 

total showed a presence of DRO, ORO, or both in the sample.  Twenty samples displayed 

levels less than 60 mg/Kg for either DRO or ORO, at levels not considered significant 

(less than the EPA’s validation level).  These results could be from other organic 

compounds found at the site, such as gasoline, motor oil, hydraulic oil, or glycol.  There 

were seven samples showing the presence of jet fuel.  They are from borings P-2, P-11, 

P-67 as well as borings P-72, P-83, P-84, and P-85.  This shows that the largest 

concentration of jet fuel is on the west side of concourse A (samples P-11, P-83, P-84, 

and P-85).  The remaining three samples were spread out across the apron area.  Only 

three samples out of eighty-five showed levels above the EPA’s validation standard 

for analytical results, which was considered to be significant for this report - borings 

P-2, P-11, and P-67.  Boring P-11 had the highest reading with a DRO of 2,160 mg/Kg.  

The other two samples were approximately eight times less in magnitude, boring P-2 with 

a DRO reading of 268 mg/Kg and boring P-67 with a DRO reading of 253 mg/Kg.     

 

The Tennessee Department of Environment and Conservation (TDEC) has set guidelines 

for chemicals of concern and remediation levels for various oils and fuels.  This report 

does not address these limits, and none of the tests were performed.  The Tennessee 

Department of Environment and Conservation was not contacted about the results 

of this investigation.  The chemicals of concern outlined by the Tennessee Department 

of Environment and Conservation are in Appendix D.2 as Reference 1. 
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Table D.1 – Summary of Analytical Testing 
 

Sample 

# 

DRO 

mg/Kg 

ORO 

mg/Kg 

Jet 

Fuel 

Above EPA 

Validation Level 

P-2 268.0 406.0 Yes Yes 

P-7 11.9 15.5 No No 

P-10 18.6 20.1 No No 

P-11 2,160.0  Yes Yes 

P-14 14.2 11.3 No No 

P-15  11.2 No No 

P-17 17.7 20.6 No No 

P-21  12.5 No No 

P-28  10.8 No No 

P-29 15.7 14.5 No No 

P-30 14.8 20.0 No No 

P-38 30.9  No No 

P-53 12.5 16.3 No No 

P-67 253.0  Yes Yes 

P-71 13.6  No No 

P-72 24.4  Yes No 

P-74 31.4 27.9 No No 

P-75 34.0 40.0 No No 

P-78  11.8 No No 

P-82 11.5 25.3 No No 

P-83 56.0  Yes No 

P-84 37.7  Yes No 

P-85 39.2  Yes No 

NOTES: 

1. All samples not listed in table above were below detection. 

2. Source:  Tri-State Testing Services, Inc. 
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D.5 Recommendations 

 

1. It is recommended, based on these results, that additional testing be performed on 

the west side of Concourse A in the vicinity of sample P-11.  Samples south of 

this location showed low or non-detectable levels of jet fuel.  Samples north of 

boring P-11 showed jet fuel at detectable levels.  Therefore, it is recommended 

that additional subsurface investigation north, east, and west of boring P-11 be 

performed. 

 

2. During design and prior to contractor selection, prepare the appropriate 

construction specifications section(s) pertaining to potential hydrocarbon 

contamination and estimated quantities for bidding.  The specifications should 

include a Remedial Action Plan consisting of: 

 

• Environmental professional on site during concrete pavement and subgrade 

exposure in areas overlying the existing hydrant fuel lines. 

 

• Sniff tests and/or field measurement of exposed soils.  Consider usage of an 

on-site mobile laboratory to minimize downtime.  

 

• Preparation of a sampling protocol conforming to EPA Method 8260. 

 

• Strict reporting and chain of ownership procedures.  

 

• Remediation recommendations for contaminated soils. 

 

• Backfilling with clean soils and/or aggregates. 

 

• Continuous and complete coordination with Tennessee Department of 

Environment and Conservation (TDEC) officials. 
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APPENDIX D.2 – DIRECT PUSH TECHNOLOGY 
BORING ANALYTICAL RESULTS 



























































































































































































































































 

 

 

 

 

 

 

 

 

 

 

APPENDIX D.3 – DIRECT PUSH TECHNOLOGY 
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REPORT OF CONCRETE TESTING 
 
PROJECT: REPORTED TO:  
 
MEMPHIS TERMINAL THY, INC. 
APRON RECONSTRUCTION 1760 MORIAH WOODS BLVD., STE. 1 
 MEMPHIS, TN  38117 
 

ATTN: TECK TANG 
 
APS JOB NO:   10-06903 DATE: FEBRUARY 28, 2011 
  
 

INTRODUCTION 
 
This report presents the results of laboratory work performed by our firm on twelve concrete 
core samples submitted to us by Mr. Teck Tang of Thy, Inc. on February 15, 2011.  We 
understand the concrete cores were obtained from an exterior concrete airfield terminal apron 
that is currently under evaluation.  The concrete was reportedly placed in 1972 and 1964.  The 
scope of our work was limited to performing petrographic analysis testing to document the 
overall quality of the concrete. 
 

CONCLUSIONS 
 
Based on our observations, test results, and past experience, our conclusions are as follows: 
 
1. The overall quality of the concrete ranged from fair to good to poor.   The cement paste 

was moderately dense and hard with carbonation up to 5/8" from the top surface and up to 
1" from the bottom surface. The crushed carbonate aggregate was relatively hard, but 
somewhat reactive.  The concrete was placed with a moderate slump. 

 
2. The concrete in cores #B4, B7, B8, B14, P14, P20, P35, P54, P69 and P77 has poor 

durability.  The concrete contained an air void system that is not consistent with current 
technology for resistance to freeze-thaw deterioration.  We expect deterioration to occur if 
exposed to freezing conditions when saturated. 

 
3. The concrete exhibited evidence of active alkali silica reactivity (ASR) in all but two cores 

(B12 and P35).  In general, we consider the level of reactivity to be minor. 
 
4. The concrete also exhibited evidence of ettringite distress.  We observed extensive 

secondary ettringite filling of air voids and some filling of microcracks.  We consider the 
level of distress to be minor to moderate and expect it to continue if the concrete is 
exposed to moisture. 
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The table below lists the level of ASR reactivity and ettringite distress we observed: 
 
Sample Number Level of ASR Reactivity Level of Ettringite Distress 

B1 Minor Minor 
B4 Minor Minor 
B7 Minor Minor to moderate 
B8 Minor Minor to moderate 
B12 None Observed Minor 
B14 

 
Minor Minor to moderate 

P14 Minor Moderate 
P20 Minor Moderate 
P35 None Observed Moderate 
P54 Minor Moderate 
P69 Minor Minor 
P77 Minor Minor 

 
SAMPLE IDENTIFICATION 

 
Sample Number Original Sample Dimensions, in. 

B1 197 mm (7-3/4") diameter x 369 mm (14-1/2") long 

B4 197 mm (7-3/4") diameter x 305 mm (12") long 

B7 197 mm (7-3/4") diameter x 280 mm (11") long 

B8 197 mm (7-3/4") diameter x 318 mm (12-1/2") long 

B12 223 mm (8-3/4") diameter x 299 mm (11-3/4") long 

B14 197 mm (7-3/4") diameter x 363 mm (14-1/4") long 

P14 96 mm (3-3/4") diameter x 356 mm (14") long 

P20 96 mm (3-3/4") diameter x 375 mm (14-3/4") long 

P35 96 mm (3-3/4") diameter x 394 mm (15-1/2") long 

P54 96 mm (3-3/4") diameter x 243 mm (9-9/16") long 

P69 96 mm (3-3/4") diameter x 349 mm (13-3/4") long 

P77 96 mm (3-3/4") diameter x 286 mm (11-1/4") long 
 

 

 

 

 



APS #10-06903 - Page 3 of 4 
 
 

TEST RESULTS 

 

Our complete petrographic analysis test results appear on the attached sheets entitled 00 LAB 
001 "Petrographic Examination of Hardened Concrete, ASTM:C856."  A brief summary of the 
general concrete properties is as follows: 
 
1. The coarse aggregate in the cores was comprised of 1" to 1-1/2" maximum sized crushed 

carbonate that was fairly well graded with fair to good overall distribution. 
 
2. Pozzolanic admixtures were not observed in any of the concrete samples. 
 
3. The paste color of the cores was tannish gray with the slump estimated to be medium (2 to 

5"). 
 
4. The paste hardness of the cores was judged to be medium to hard with the paste/aggregate 

bond considered good. 
 
5. The depth of carbonation was up to 5/8" from the top surface. 
 
6. The water/cement ratio of the cores was estimated at between 0.42 to 0.49 with 

approximately 2-6% unhydrated cement particles. 
 
Air Content Testing – See attached data sheets. 
 

TEST PROCEDURES 
 
Laboratory testing was performed on February 15, 2011 and subsequent dates.  Our procedures 
were as follows: 
 
Petrographic Analysis 
A petrographic analysis was performed in accordance with APS Standard Operating Procedure 
00 LAB 001, “Petrographic Examination of Hardened Concrete,” ASTM:C856-latest revision.  
The petrographic analysis consisted of reviewing cement paste and aggregate qualities on a 
whole basis as well as on a cut/polished section.  The depth of carbonation was documented 
using a phenolphthalein indicator solution applied on a freshly cut and polished surface of the 
concrete sample.  The water/cement ratio of the concrete was estimated by viewing a thin section 
of the concrete under an Olympus BH-2 polarizing microscope at magnification up to 1000x.   
Thin section analysis was performed in accordance with APS Standard Operating Procedure 00 
LAB 013, “Determining the Water/Cement of Portland Cement Concrete, APS Method.”  The 
samples are first highly polished, then epoxied to a glass slide.  The excess sample is cut from 
the glass and the slide is polished until the concrete reaches 25 microns or less in thickness.   
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Air Content Testing 
Air content testing was performed using APS Standard Operating Procedure 00 LAB 003, 
“Microscopical Determination of Air Void Content and Parameters of the Air Void System in 
Hardened Concrete, ASTM:C457-latest revision.”  The linear traverse method was used.  The 
concrete cores were cut perpendicular with respect to the horizontal plane of the concrete as 
placed and then polished prior to testing. 
 

REMARKS 
 
The test samples will be retained for a period of at least thirty days from the date of this report.  
Unless further instructions are received by that time, the samples may be discarded.  Test results 
relate only to the items tested.  No warranty, express or implied, is made. 
 
Report Prepared By: 
American Petrographic Services, Inc. 
 
 
_______________________________  
Scott F. Wolter, P.G.    
President    
MN License No. 30024 
 



00 LAB 001 Petrographic Examination of Hardened Concrete 
ASTM: C-856  

 
Job No. 10-06903 Date: 2-22-2011 / 3-3-2011 
Sample Identification: B1 Performed by: M. Koch / D. Hunt  

     
    I. General Observations 
 1. Sample Dimensions:  Our analysis was performed on a 358 mm (14-1/8") x 162 mm (6-3/8") x 44 mm (1-3/4") thick 

polished section that was cut from the original 197 mm (7-3/4") diameter x 369 mm (14-1/2") long core.  
 
 2. Surface Conditions: 
  Top: Rough, mortar eroded surface with marker paint 
  Bottom: Rough, irregular, formed surface; placed on grade with approximately 50% fractured 
       
 3.  Reinforcement:     None observed   
  
 4.  General Physical Conditions:     The entire top surface has undergone mortar erosion, exposing numerous fine 

aggregate particles.  Approximately 40% of the top surface was covered with white marker paint.  An approximately 17 
mm (11/16") diameter hole was observed on the present top surface.  A few microcracks were present.  Carbonation 
proceeds up to 3 mm (1/8") depth.  The concrete was air entrained with a fairly well distributed air void system.  White 
ettringite was observed.  Evidence of active alkali silica reaction was observed.  Fair to good overall condition. 

 
 II. Aggregate 
 1. Coarse: 38 mm (1-1/2") maximum sized crushed carbonate consisting of fossiliferous, micritic, oolitic and sandy 

limestone.  The coarse aggregate was mostly sub-angular with several angular particles.  Fairly well graded 
with good overall uniform distribution.   

 
 2. Fine: Quartz and lithic sand with many carbonate and chert particles that was fairly well graded.  The grains were 

mostly sub-angular with many sub-rounded particles.  Good overall uniform distribution.   
 
III. Paste    
 1. Air Content: 4.3% total 
 2. Paste proportions: 20% to 22% 
 3. Depth of carbonation: Ranged from negligible up to approximately 3 mm (1/8") depth from the present top surface 

and ranged from negligible up to approximately 3 mm (1/8") depth from the bottom surface.  
Carbonation was observed intermittently around the perimeters of a few coarse carbonate 
aggregate particles scattered throughout the sample. 

 4. Paste/aggregate bond: Good 
 5. Paste color: Medium gray becoming dark tan within the bottom approximately 3 mm (1/8") of the sample 

and dark gray between negligible and 9 mm (3/8") depth from the bottom surface 
 6. Paste hardness: Medium 
 7. Microcracking: A few sub-vertical drying shrinkage microcracks proceed from the present top surface up to 

approximately 30 mm (1-3/16") depth.  A few microcracks were observed scattered throughout 
the sample at various depths and orientations.   

 8. Secondary deposits: White ettringite was observed partially lining many to filling a few air voids scattered 
throughout the sample.  White alkali silica gel was observed partially lining to filling a few air 
voids scattered throughout the sample. 

 9. Slump: Estimated, medium (2 to 4"). 
 10. Pozzolan/Slag presence: None observed 
 11. Water/cement ratio: Estimated at between 0.42 to 0.47 with approximately 3-5% unhydrated or residual portland 

cement clinker particles. 
 12. Cement hydration: Alites-mostly fully; Belites-moderate to mostly well 
 
 IV. Conclusions 
      The general overall quality of the concrete was fair to good. 
      
 
 



00 LAB 001 Petrographic Examination of Hardened Concrete 
ASTM: C-856  

 
Job No. 10-06903 Date: 2-16-2011 / 3-4-2011 
Sample Identification: B4 Performed by: M. Koch / D. Hunt 

     
    I. General Observations 
 1. Sample Dimensions:  Our analysis was performed on a 295 mm (11-5/8") x 180 mm (7-1/6") x 62 mm (2-7/16") thick 

polished section that was cut from the original 197 mm (7-3/4") diameter x 305 mm (12") long core.  
 
 2. Surface Conditions: 
  Top: Rough, mortar eroded and traffic worn surface with marker paint 
  Bottom: Rough, irregular, formed surface; placed on grade 
       
 3.  Reinforcement:     None observed  
  
 4.  General Physical Conditions:     The entire top surface has undergone mortar erosion, exposing a few coarse and 

numerous fine aggregate particles.  The top surface has undergone moderate traffic wear with the topographic highs 
worn smooth.  Approximately 30% of the top surface was covered with white marker paint.  An approximately 16 mm 
(5/8") concrete anchor was observed protruding from the top surface of the core.  A few microcracks were present.  
Carbonation proceeds up to 26 mm (1") depth.  The concrete was not air entrained.  White ettringite was observed.  
Evidence of active alkali silica reaction was observed.  Fair overall condition. 

 
 II. Aggregate 
 1. Coarse: 38 mm (1-1/2") maximum sized crushed carbonate consisting of fossiliferous, micritic, oolitic and sandy 

limestone.  The coarse aggregate was mostly sub-angular with many angular particles.  Fairly well graded 
with good overall uniform distribution.   

 
 2. Fine: Quartz and lithic sand with many carbonate and chert particles that was fairly well graded.  The grains were 

mostly sub-angular with many sub-rounded particles.  Good overall uniform distribution.   
 
III. Paste    
 1. Air Content: 1.8% total 
 2. Paste proportions: 24% to 26% 
 3. Depth of carbonation: Ranged from approximately 1 mm (1/32") up to 9 mm (3/8") depth from the present top 

surface and negligible up to approximately 26 mm (1") depth from the bottom surface 
 4. Paste/aggregate bond: Good 
 5. Paste color: Mottled light to medium gray becoming medium tan within the carbonated areas 
 6. Paste hardness: Medium 
 7. Microcracking: A few subvertical drying shrinkage microcracks proceed from the present top surface up to 

approximately 9 mm (3/8") depth.   
 8. Secondary deposits: White ettringite was observed partially lining many to filling a few air voids below 

approximately 2 mm (1/16") depth from the present top surface.  White alkali silica gel was 
observed lining a few air voids proximate to a reactive coarse aggregate particle approximately 
73 mm (2-7/8") depth from the present top surface. 

 9. Slump: Estimated, medium (3 to 5"). 
 10. Pozzolan/Slag presence: None observed 
 11. Water/cement ratio: Estimated at between 0.43 to 0.48 with approximately 4-6% unhydrated or residual portland 

cement clinker particles. 
 12. Cement hydration: Alites-mostly fully; Belites-moderate to mostly well 
 
 IV. Conclusions 
      The general overall quality of the concrete was fair to poor. 
      
 
 



00 LAB 001 Petrographic Examination of Hardened Concrete 
ASTM: C-856  

 
Job No. 10-06903 Date: 2-16-2011 / 3-4-2011 
Sample Identification: B7 Performed by: S. Malecha / D. Hunt 

     
    I. General Observations 
 1. Sample Dimensions:  Our analysis was performed on a 276 mm (10-7/8") x 178 mm (7") x 60 mm (2-3/8") thick 

polished section that was cut from the original 197 mm (7-3/4") diameter x 280 mm (11") long core.  
 
 2. Surface Conditions: 
  Top: Rough, mortar eroded surface 
  Bottom: Rough, irregular, formed surface; placed on grade 
       
 3.  Reinforcement:     None observed 
  
 4.  General Physical Conditions:     The entire top surface of the core has undergone mortar erosion, exposing many coarse 

and numerous fine aggregate particles.  Remnants of white marker paint were observed on the present top surface of the 
core.  An approximately 18 mm (11/16") diameter concrete anchor was observed protruding from the top surface of the 
core.  Few microcracks were present.  Carbonation proceeds up to 11 mm (7/16") depth from the present top surface.  
The concrete contains air entrainment with a fairly well distributed air void system, but compromised by ettringite.  
Minor evidence of active alkali silica reaction observed.  Fair overall condition. 

 
 II. Aggregate 
 1. Coarse: 38 mm (1-1/2") maximum sized crushed carbonate consisting of fossiliferous, micritic, oolitic, and sandy 

limestone with a few chert and partially silicified limestone particles.  The coarse aggregate was mostly 
angular with many sub-angular particles.  Fairly well graded with good overall uniform distribution.  
Reactive particles consist of chert and partially silicified limestone. 

 
 2. Fine: Quartz and lithic sand with many carbonate and chert particles that was fairly well graded.  The grains were 

mostly sub-angular with many sub-rounded particles.  Good overall uniform distribution.   
 
III. Paste    
 1. Air Content: 4.0% total 
 2. Paste proportions: 25% to 27% 
 3. Depth of carbonation: Ranged from approximately 7 mm (1/4") up to 11 mm (7/16") depth from the present top 

surface and ranged from approximately 14 mm (9/16") up to 24 mm (15/16") depth from the 
bottom surface 

 4. Paste/aggregate bond: Good 
 5. Paste color: Mottled light to medium gray becoming tan in the carbonated top up to 11 mm (7/16") and 

light tannish gray in the carbonated bottom approximately 24 mm (15/16") of the sample. 
 6. Paste hardness: Moderate 
 7. Microcracking: Few subvertical microcracks proceed up to approximately 7 mm (1/4") depth from the present 

top surface. 
 8. Secondary deposits: White ettringite was observed lining to filling numerous entrained air voids scattered 

throughout the sample below the carbonated top approximately 24 mm (15/16") of the sample.  
White alkali silica gel was observed lining a void space proximate to a reactive coarse 
aggregate particle approximately 152 mm (6") depth from the present top surface. 

 9. Slump: Estimated, medium (2 to 4")  
 10. Pozzolan/Slag presence: None observed 
 11. Water/cement ratio: Estimated at between 0.42 to 0.47 with approximately 3-5% unhydrated or residual portland 

cement clinker particles. 
 12. Cement hydration: Alites-mostly fully; Belites-moderate to mostly well 
 
 IV. Conclusions 
      The general overall quality of the concrete was fair to poor. 
      
 
 



00 LAB 001 Petrographic Examination of Hardened Concrete 
ASTM: C-856  

 
Job No. 10-06903 Date: 2-17-2011 / 3-4-2011 
Sample Identification: B8 Performed by: S. Malecha / D. Hunt 

     
    I. General Observations 
 1. Sample Dimensions:  Our analysis was performed on a 286 mm (11-1/4") x 176 mm (6-15/16") x 57 mm (2-1/4") thick 

polished section that was cut from the original 197 mm (7-3/4") diameter x 318 mm (12-1/2") long core.  
 
 2. Surface Conditions: 
  Top: Rough, mortar eroded and traffic worn surface 
  Bottom: Rough, irregular, formed surface; placed on grade 
       
 3.  Reinforcement:     None observed  
  
 4.  General Physical Conditions:     The entire top surface of the core has undergone mortar erosion, exposing several 

coarse and many fine aggregate particles.  The top surface appears to have been traffic worn with topographic highs 
worn smooth.  Remnants of white marker paint were observed on the present top surface of the core.  An approximately 
18 mm (11/16") diameter concrete anchor was observed protruding from the top surface of the core.  Few microcracks 
were present.  Carbonation proceeds up to 8 mm (5/16") depth from the present top surface.  The concrete contains air 
entrainment with a fairly well distributed air void system, but compromised by ettringite.  Minor evidence of active 
alkali silica reaction observed.  Fair to good overall condition. 

 
 II. Aggregate 
 1. Coarse: 38 mm (1-1/2") maximum sized crushed carbonate consisting of fossiliferous, micritic, and oolitic limestone 

with a few chert and partially silicified limestone particles.  The coarse aggregate was mostly sub-angular 
with several sub-angular particles.  Fairly well graded with good overall uniform distribution. 

 
 2. Fine: Quartz and lithic sand with many carbonate and chert particles that was fairly well graded.  The grains were 

mostly sub-angular with many sub-rounded particles.  Good overall uniform distribution.   
 
III. Paste    
 1. Air Content: 4.3% total 
 2. Paste proportions: 23% to 25% 
 3. Depth of carbonation: Ranged from negligible up to approximately 8 mm (5/16") depth from the present top surface 

and ranged from approximately 1 mm (1/32") up to 8 mm (5/16") depth from the bottom 
surface 

 4. Paste/aggregate bond: Good 
 5. Paste color: Tannish gray becoming light tan in the carbonated top up to 8 mm (5/16") and medium tan in 

the carbonated bottom up to 8 mm (5/16") of the sample. 
 6. Paste hardness: Medium 
 7. Microcracking: Few sub-vertical microcracks proceed up to approximately 13 mm (1/2") depth from the 

present top surface. 
 8. Secondary deposits: White ettringite was observed lining to filling many entrained air voids scattered throughout 

the sample below the carbonated top approximately 8 mm (5/16") of the sample.  White alkali 
silica gel was observed lining a void space proximate to a reactive coarse aggregate particle at 
approximately 183 mm (7-3/16") depth from the present top surface. 

 9. Slump: Estimated, medium (2 to 4")  
 10. Pozzolan/Slag presence: None observed 
 11. Water/cement ratio: Estimated at between 0.42 to 0.47 with approximately 3-5% unhydrated or residual portland 

cement clinker particles. 
 12. Cement hydration: Alites-mostly fully; Belites-moderate to mostly well 
 
 IV. Conclusions 
      The general overall quality of the concrete was fair to poor. 
      
 
 



00 LAB 001 Petrographic Examination of Hardened Concrete 
ASTM: C-856  

 
Job No. 10-06903 Date: 2-17-11 / 3-4-2011 
Sample Identification: B12 Performed by: M. Koch / D. Hunt 

     
    I. General Observations 
 1. Sample Dimensions:  Our analysis was performed on a 286 mm (11-1/4") x 188 mm (7-3/8") x 52 mm (2-1/16") thick 

polished section that was cut from the original 223 mm (8-3/4") diameter x 299 mm (11-3/4") long core.  
 
 2. Surface Conditions: 
  Top: Rough, mortar eroded surface 
  Bottom: Rough, irregular, formed surface; placed on grade 
       
 3.  Reinforcement:     None observed   
  
 4.  General Physical Conditions:     The entire top surface has undergone mortar erosion, exposing several coarse and 

numerous fine aggregate particles.  An approximately 16 mm (5/8") concrete anchor was observed protruding from the 
top surface of the core.  A few microcracks were present.  Carbonation proceeds up to 16 mm (5/8") depth.  The 
concrete was air entrained with a fairly well distributed air void system.  White ettringite was observed.  No evidence of 
active alkali silica reaction was observed.  Fair overall condition. 

 
 II. Aggregate 
 1. Coarse: 38 mm (1-1/2") maximum sized crushed carbonate consisting of fossiliferous, micritic, oolitic and sandy 

limestone with a few chert and partially silicified limestone particles.  The coarse aggregate was mostly sub-
angular with many angular particles.  Fairly well graded with good overall uniform distribution.   

 
 2. Fine: Quartz and lithic sand with many carbonate and chert particles that was fairly well graded.  The grains were 

mostly sub-angular with many sub-rounded particles.  Good overall uniform distribution.   
 
III. Paste    
 1. Air Content: 5.0% total 
 2. Paste proportions: 22% to 24% 
 3. Depth of carbonation: Ranged from approximately 5 mm (3/16") up to 16 mm (5/8") depth from the present top 

surface and ranged from negligible up to approximately 10 mm (3/8") depth from the bottom 
surface 

 4. Paste/aggregate bond: Good 
 5. Paste color: Mottled light to medium gray becoming medium tan within the bottom approximately 1 mm 

(1/32") of the sample 
 6. Paste hardness: Moderately hard 
 7. Microcracking: A few sub-vertical drying shrinkage microcracks proceed from the present top surface up to 

approximately 19 mm (3/4") depth.  A few sub-horizontal microcracks were observed within 
the present top approximately 1 mm (1/32") of the sample.  

 8. Secondary deposits: White ettringite was observed partially lining many to filling several air voids below 
approximately 123 mm (4-13/16") depth from the present top surface.  

 9. Slump: Estimated, medium (2 to 4")  
 10. Pozzolan/Slag presence: None observed 
 11. Water/cement ratio: Estimated at between 0.42 to 0.47 with approximately 3-5% unhydrated or residual portland 

cement clinker particles. 
 12. Cement hydration: Alites-mostly fully; Belites-moderate to mostly well 
 
 IV. Conclusions 
      The general overall quality of the concrete was fair to good. 
      
 
 



00 LAB 001 Petrographic Examination of Hardened Concrete 
ASTM: C-856  

 
Job No. 10-06903 Date: 2-22-2011 / 3-4-2011 
Sample Identification: B14 Performed by: S. Malecha / D. Hunt 

     
    I. General Observations 
 1. Sample Dimensions:  Our analysis was performed on a 354 mm (13-15/16") x 164 mm (6-7/16") x 48 mm (1-7/8") 

thick polished section that was cut from the original 197 mm (7-3/4") diameter x 363 mm (14-1/4") long core.  
 
 2. Surface Conditions: 
  Top: Rough, mortar eroded surface 
  Bottom: Approximately 20% rough, formed surface; placed on grade and approximately 80% rough, irregular, 

fractured surface 
       
 3.  Reinforcement:     None observed 
  
 4.  General Physical Conditions:     The entire top surface of the sample has undergone light to medium scaling exposing 

many coarse and fine aggregate particles.  An approximately 17 mm (11/16") diameter concrete anchor was observed 
protruding from the top surface of the core.  Few microcracks were present.  Intermittent carbonation proceeds up to 15 
mm (9/16") depth from the present top surface.  The concrete contains air entrainment with a fairly well distributed air 
void system, but compromised by ettringite.  Minor evidence of active alkali silica reaction observed.  Good overall 
condition. 

 
 II. Aggregate 
 1. Coarse: 38 mm (1-1/2") maximum sized crushed carbonate consisting of fossiliferous, micritic, and oolitic limestone 

with a few chert and partially silicified limestone.  The coarse aggregate was mostly angular with many sub-
angular particles.  Fairly well graded with good overall uniform distribution. 

 
 2. Fine: Quartz and lithic sand with many carbonate and chert particles that was fairly well graded.  The grains were 

mostly sub-angular with many sub-rounded and few rounded particles.  Good overall uniform distribution.   
 
III. Paste    
 1. Air Content: 3.5% total 
 2. Paste proportions: 23% to 25% 
 3. Depth of carbonation: Ranged from negligible up to approximately 3 mm (1/8") depth and occurred intermittently up 

to 15 mm (9/16") depth from the present top surface along subvertical microcracks.  
Carbonation was negligible from the bottom surface.  Intermittent carbonation was observed 
along the perimeter of few coarse aggregate particles scattered throughout the sample. 

 4. Paste/aggregate bond: Good 
 5. Paste color: Tannish gray becoming tan in the carbonated zones 
 6. Paste hardness: Medium 
 7. Microcracking: Few subvertical microcracks proceed up to approximately 48 mm (1-7/8") depth from the 

present top surface.   
 8. Secondary deposits: White ettringite was observed lining to filling numerous entrained air voids scattered 

throughout the sample.  White alkali silica gel was observed lining few voids proximate to few 
coarse aggregate particles. 

 9. Slump: Estimated, medium (3 to 5")  
 10. Pozzolan/Slag presence: None observed 
 11. Water/cement ratio: Estimated at between 0.43 to 0.48 with approximately 3-5% unhydrated or residual portland 

cement clinker particles. 
 12. Cement hydration: Alites-mostly fully; Belites-moderate to mostly well 
 
 IV. Conclusions 
      The general overall quality of the concrete was fair to poor. 
      
 
 



00 LAB 001 Petrographic Examination of Hardened Concrete 
ASTM: C-856  

 
Job No. 10-06903 Date: 2-17-2011 / 3-3-2011 
Sample Identification: P14 Performed by: S. Malecha / D. Hunt 

     
    I. General Observations 
 1. Sample Dimensions:  Our analysis was performed on a 352 mm (13-7/8") x 96 mm (3-3/4") x 48 mm (1-7/8") thick 

polished section that was cut from the original 96 mm (3-3/4") diameter x 356 mm (14") long core.  
 
 2. Surface Conditions: 
  Top: Rough, mortar eroded surface 
  Bottom: Rough, irregular, formed surface; placed on grade 
       
 3.  Reinforcement:     None observed  
  
 4.  General Physical Conditions:     The entire top surface of the core has undergone mortar erosion, exposing many fine 

and a few coarse aggregate particles.  Few microcracks were present.  Carbonation proceeds up to 6 mm (1/4") depth 
from the top surface.  The sample was fractured, in an orientation sub-parallel to the top surface, was observed between 
approximately 54 mm (2-1/8") and 76 mm (3") depth and between approximately 251 mm (9-7/8") and 273 mm (10-
3/4") depth from the present top surface.  The concrete contains air entrainment with a fairly well distributed air void 
system, but compromised by ettringite.  Minor evidence of active alkali silica reaction observed.  Fair to poor overall 
condition. 

 
 II. Aggregate 
 1. Coarse: 38 mm (1-1/2") maximum sized crushed carbonate consisting of fossiliferous, micritic, and oolitic limestone.  

The coarse aggregate was mostly angular with many sub-angular particles.  Fairly well graded with good 
overall uniform distribution. 

 
 2. Fine: Quartz and lithic sand with many carbonate and chert particles that was fairly well graded.  The grains were 

mostly sub-angular with many sub-rounded particles.  Good overall uniform distribution.   
 
III. Paste    
 1. Air Content: 4.6% total 
 2. Paste proportions: 24% to 26% 
 3. Depth of carbonation: Ranged from negligible up to approximately 6 mm (1/4") depth from the present top surface 

along sub-vertical microcrack.  Ranged from approximately 6 mm (1/4") up to 20 mm (13/16") 
depth from the bottom surface.  Proceeds up to approximately 6 mm (1/4") depth from the 
cored edge of the sample. 

 4. Paste/aggregate bond: Good 
 5. Paste color: Light gray becoming light tannish gray in the carbonated bottom up to 20 mm (13/16") of the 

sample. 
 6. Paste hardness: Moderately hard 
 7. Microcracking: Few sub-vertical microcracks proceed up to approximately 25 mm (1") depth from the present 

top surface.  Few microcracks, mostly sub-horizontal, were observed between approximately 
70 mm (2-3/4") and 229 mm (9") depth from the present top surface. 

 8. Secondary deposits: White to clear ettringite was observed lining to filling numerous entrained air voids throughout 
the sample.  White silica gel was observed partially lining two void spaces along microcracks 
and proximate to coarse aggregate particles. 

 9. Slump: Estimated, medium (2 to 4")  
 10. Pozzolan/Slag presence: None observed 
 11. Water/cement ratio: Estimated at between 0.42 to 0.47 with approximately 4-6% unhydrated or residual portland 

cement clinker particles. 
 12. Cement hydration: Alites-mostly fully; Belites-low to moderate 
 
 IV. Conclusions 
      The general overall quality of the concrete was poor. 
      
 
 



00 LAB 001 Petrographic Examination of Hardened Concrete 
ASTM: C-856  

 
Job No. 10-06903 Date: 2-23-2011/ 3-3-2011 
Sample Identification: P20 Performed by: M. Koch / D. Hunt 

     
    I. General Observations 
 1. Sample Dimensions:  Our analysis was performed on a 369 mm (14-1/2") x 94 mm (3-11/16") x 43 mm (1-11/16") 

thick polished section that was cut from the original 96 mm (3-3/4") diameter x 375 mm (14-3/4") long core.  
 
 2. Surface Conditions: 
  Top: Rough, mortar eroded surface with marker paint 
  Bottom: Rough, irregular, formed surface; placed on grade 
       
 3.  Reinforcement:     None observed   
  
 4.  General Physical Conditions:     The entire top surface has undergone mortar erosion, exposing a few coarse and many 

fine aggregate particles.  Approximately 70% of the top surface was covered with white marker paint.  A few sub-
horizontal fractures were observed between approximately 109 mm (4-5/16") and 207 mm (8-1/8") depth from the 
present top surface proceeding around coarse aggregate particles.  Several microcracks were present.  Carbonation 
proceeds up to 24 mm (15/16") depth.  The concrete was air entrained with a fairly well distributed air void system, but 
compromised by ettringite.  Evidence of active alkali silica reaction was observed.  Poor overall condition. 

 
 II. Aggregate 
 1. Coarse: 38 mm (1-1/2") maximum sized crushed carbonate consisting of fossiliferous, micritic, oolitic, partially 

silicified and sandy limestone.  The coarse aggregate was mostly sub-angular with several angular particles.  
Fairly well graded with good overall uniform distribution.   

 
 2. Fine: Quartz and lithic sand with many carbonate and chert particles that was fairly well graded.  The grains were 

mostly sub-angular with many sub-rounded particles.  Good overall uniform distribution.   
 
III. Paste    
 1. Air Content: 2.9% total 
 2. Paste proportions: 19% to 21% 
 3. Depth of carbonation: Ranged from negligible up to approximately 6 mm (1/4") from the present top surface, along 

sub-vertical microcracking and ranged from negligible up to approximately 6 mm (1/4") depth 
from the bottom surface 

 4. Paste/aggregate bond: Good 
 5. Paste color: Light gray becoming medium tan within the carbonated area 
 6. Paste hardness: Medium hard 
 7. Microcracking: Several sub-vertical drying shrinkage microcracks proceed from the present top surface up to 

approximately 17 mm (11/16") depth.  Several, predominately sub-horizontal, microcracks 
were observed scattered throughout the sample.   

 8. Secondary deposits: White ettringite was observed partially lining to filling numerous air voids scattered 
throughout the sample.  White alkali silica gel was observed lining a few air voids proximate 
to a reactive coarse aggregate particles scattered throughout the sample. 

 9. Slump: Estimated, medium (2 to 4")  
 10. Pozzolan/Slag presence: None observed 
 11. Water/cement ratio: Estimated at between 0.42 to 0.47 with approximately 3-5% unhydrated or residual portland 

cement clinker particles. 
 12. Cement hydration: Alites-mostly fully; Belites-low to moderate 
 
 IV. Conclusions 
      The general overall quality of the concrete was poor. 
      
 
 



00 LAB 001 Petrographic Examination of Hardened Concrete 
ASTM: C-856  

 
Job No. 10-06903 Date: 2-28-2011 / 3-3-2011 
Sample Identification: P35 Performed by: S. Malecha / D. Hunt 

     
    I. General Observations 
 1. Sample Dimensions:  Our analysis was performed on a 394 mm (15-1/2") x 94 mm (3-11/16") x 48 mm (1-7/8") thick 

polished section that was cut from the original 96 mm (3-3/4") diameter x 394 mm (15-1/2") long core.  
 
 2. Surface Conditions: 
  Top: Rough, mortar eroded, and traffic worn surface 
  Bottom: Rough, irregular, formed surface; placed on grade 
       
 3.  Reinforcement:     None observed 
  
 4.  General Physical Conditions:     The entire top surface has undergone mortar erosion, exposing many coarse and fine 

aggregate particles.  The top surface appears to have been traffic worn with topographic highs worn smooth.  Few 
microcracks were present.  Carbonation proceeds up to 11 mm (7/16") depth from the present top surface.  The sample 
was fractured, oriented sub-parallel to the top surface, between approximately 114 mm (4-1/2") and 133 mm (5-1/4") 
depth from the present top surface.  The concrete contains air entrainment with a fairly well distributed air void system, 
but compromised by ettringite.  No evidence of active alkali silica reaction observed.  Fair overall condition. 

 
 II. Aggregate 
 1. Coarse: 38 mm (1-1/2") maximum sized crushed carbonate consisting of fossiliferous, micritic, and oolitic limestone.  

The coarse aggregate was mostly angular with many sub-angular particles.  Fairly well graded with good 
overall uniform distribution. 

 
 2. Fine: Quartz and lithic sand with many carbonate and chert particles that was fairly well graded.  The grains were 

mostly sub-angular with many sub-rounded particles.  Good overall uniform distribution. 
 
III. Paste    
 1. Air Content: 3.8% total 
 2. Paste proportions: 19% to 21% 
 3. Depth of carbonation: Ranged from negligible up to approximately 14 mm (9/16") depth from the present top surface.  

Ranged from negligible up to approximately 3 mm (1/8") depth from the bottom surface.  
Carbonation occurs intermittently between approximately 3 mm (1/8") and 23 mm (7/8") depth 
from the present top surface along a sub-vertical microcrack.   

 4. Paste/aggregate bond: Good 
 5. Paste color: Grayish tan becoming medium tan in the carbonated bottom up to 3 mm (1/8") of the sample 
 6. Paste hardness: Moderately hard 
 7. Microcracking: Few sub-vertical microcracks proceed up to approximately 60 mm (2-3/8") depth from the 

present top surface.  Few other microcracks, mostly sub-horizontal, proceed across most of the 
core's diameter at various depths throughout the length of the core.  Microcracking proceeds 
through a few coarse aggregate particles. 

 8. Secondary deposits: White ettringite was observed lining to filling many entrained voids scattered throughout the 
sample. 

 9. Slump: Estimated, medium (3 to 5")  
 10. Pozzolan/Slag presence: None observed 
 11. Water/cement ratio: Estimated at between 0.44 to 0.49 with approximately 2-4% unhydrated or residual portland 

cement clinker particles. 
 12. Cement hydration: Alites-mostly fully; Belites-low to moderate 
 
 IV. Conclusions 
      The general overall quality of the concrete was fair to poor. 
      
 
 



00 LAB 001 Petrographic Examination of Hardened Concrete 
ASTM: C-856  

 
Job No. 10-06903 Date: 2-24-2011 / 3-3-2011 
Sample Identification: P54 Performed by: M. Koch / D. Hunt 

     
    I. General Observations 
 1. Sample Dimensions:  Our analysis was performed on a 243 mm (9-9/16") x 93 mm (3-11/16") x 48 mm (1-7/8") thick 

polished section that was cut from the original 96 mm (3-3/4") diameter x 243 mm (9-9/16") long core.  
 
 2. Surface Conditions: 
  Top: Rough, irregular, fractured surface 
  Bottom: Fairly smooth, irregular, formed surface; placed on grade with worn surface 
       
 3.  Reinforcement:     None observed   
  
 4.  General Physical Conditions:     A sub-horizontal fracture was observed between approximately 83 mm (3-1/4") and 

103 mm (4-1/16") depth from the present top surface proceeding through coarse aggregate particles.  A few 
microcracks were present.  Carbonation proceeds up to 5 mm (3/16") depth from the bottom surface.  The concrete was 
air entrained with a fairly well distributed air void system, but compromised by ettringite.  Evidence of active alkali 
silica reaction was observed.  The entire bottom surface was worn away during coring of the sample.  Poor overall 
condition. 

 
 II. Aggregate 
 1. Coarse: 38 mm (1-1/2") maximum sized crushed carbonate consisting of fossiliferous, micritic, oolitic and sandy 

limestone.  The coarse aggregate was mostly sub-angular with many angular particles.  Fairly well graded 
with fair overall distribution.   

 
 2. Fine: Quartz and lithic sand with many carbonate and chert particles that was fairly well graded.  The grains were 

mostly sub-angular with many sub-rounded particles.  Good overall uniform distribution.   
 
III. Paste    
 1. Air Content: 2.5% total 
 2. Paste proportions: 17% to 19% 
 3. Depth of carbonation: Negligible from the present top surface and ranged from approximately 2 mm (1/16") up to 5 

mm (3/16") depth from the bottom surface 
 4. Paste/aggregate bond: Good 
 5. Paste color: Tannish gray becoming medium tan within the carbonated area 
 6. Paste hardness: Moderately hard 
 7. Microcracking: A sub-vertical drying shrinkage microcrack was observed proceeding from the present top 

surface up to approximately 8 mm (5/16") depth.  A few sub-horizontal microcracks were 
observed within the present top approximately 2 mm (1/16") of the sample.  A few 
microcracks were observed scattered throughout the sample at various depths and orientations.   

 8. Secondary deposits: White ettringite was observed partially lining to filling many air voids scattered throughout the 
sample.  White alkali silica gel was observed lining a few air voids proximate to a reactive 
coarse aggregate particles scattered throughout the sample. 

 9. Slump: Estimated, medium (3 to 5")  
 10. Pozzolan/Slag presence: None observed 
 11. Water/cement ratio: Estimated at between 0.43 to 0.48 with approximately 3-5% unhydrated or residual portland 

cement clinker particles. 
 12. Cement hydration: Alites-mostly fully; Belites-low to moderate 
 
 IV. Conclusions 
      The general overall quality of the concrete was poor. 
      
 
 



00 LAB 001 Petrographic Examination of Hardened Concrete 
ASTM: C-856  

 
Job No. 10-06903 Date: 2-23-2011 / 3-3-2011 
Sample Identification: P69 Performed by: S. Malecha / D. Hunt 

     
    I. General Observations 
 1. Sample Dimensions:  Our analysis was performed on a 349 mm (13-3/4") x 94 mm (3-11/16") x 44 mm (1-3/4") thick 

polished section that was cut from the original 96 mm (3-3/4") diameter x 349 mm (13-3/4") long core.  
 
 2. Surface Conditions: 
  Top: Rough, mortar eroded surface 
  Bottom: Rough, irregular formed surface; placed on grade 
       
 3.  Reinforcement:     None observed 
  
 4.  General Physical Conditions:     The entire top surface has undergone mortar erosion, exposing many coarse and fine 

aggregate particles.  Remnants of white marker paint were observed on the present top surface.  The sample was fractured, 
oriented sub-parallel to the top surface, between approximately 152 mm (6") and 165 mm (6-1/2") depths from the present 
top surface.  Few microcracks were present.  Carbonation proceeds up to 7 mm (1/4") depth.  The concrete appears to 
contain a small amount of air entrainment.  Ettringite was observed.  Minor evidence of active alkali silica reaction observed.  
Fair to poor overall condition. 

 
 II. Aggregate 
 1. Coarse: 25 mm (1") maximum sized crushed carbonate consisting of fossiliferous, micritic, and oolitic limestone.  

The coarse aggregate was mostly angular with many sub-angular particles.  Fairly well graded with good 
overall uniform distribution. 

 
 2. Fine: Quartz and lithic sand with many chert and carbonate particles that was fairly well graded.  The grains were 

mostly sub-angular with many sub-rounded and few rounded particles.  Good overall uniform distribution. 
 
III. Paste    
 1. Air Content: 1.3% total 
 2. Paste proportions: 22% to 24% 
 3. Depth of carbonation: Ranged from negligible up to approximately 7 mm (1/4") depth from the present top surface.  

Ranged from negligible up to approximately 3 mm (1/8") depth from the bottom surface.  
Carbonation occurred intermittently along the perimeter of few coarse aggregate particles 
scattered throughout the sample. 

 4. Paste/aggregate bond: Good 
 5. Paste color: Gray becoming  medium tan in the carbonated zones 
 6. Paste hardness: Moderately hard 
 7. Microcracking: Few sub-vertical microcracks proceed up to approximately 20 mm (13/16") depth from the 

present top surface.  Few microcracks were observed proximate and sub-parallel to the 
fracture. 

 8. Secondary deposits: White to clear ettringite was observed lining to filling most entrained air voids throughout the 
sample.  White alkali silica gel was observed lining a void space proximate to coarse aggregate 
particles at approximately 46 mm (1-13/16") depth and white alkali silica gel appears to be 
filling an entrained air void at approximately 289 mm (11-3/8") depth from the top surface. 

 9. Slump: Estimated, medium (3 to 5")  
 10. Pozzolan/Slag presence: None observed 
 11. Water/cement ratio: Estimated at between 0.43 to 0.48 with approximately 3-5% unhydrated or residual portland 

cement clinker particles. 
 12. Cement hydration: Alites-mostly fully; Belites-low to moderate 
 
 IV. Conclusions 
      The general overall quality of the concrete was poor. 
      
 
 



00 LAB 001 Petrographic Examination of Hardened Concrete 
ASTM: C-856  

 
Job No. 10-06903 Date: 2-24-2011 / 3-3-2011 
Sample Identification: P77 Performed by: S. Malecha / D. Hunt 

     
    I. General Observations 
 1. Sample Dimensions:  Our analysis was performed on a 276 mm (10-7/8") x 96 mm (3-3/4") x 44 mm (1-3/4") thick 

polished section that was cut from the original 96 mm (3-3/4") diameter x 286 mm (11-1/4") long core. 
 
 2. Surface Conditions: 
  Top: Rough, irregular, fractured surface 
  Bottom: Rough, irregular, formed surface; placed on grade 
       
 3.  Reinforcement:     None observed  
  
 4.  General Physical Conditions:     Few microcracks were present.  Carbonation proceeds up to 14 mm (9/16") depth from 

the fractured surface.  The concrete contains air entrainment with a fairly well distributed air void system, but 
compromised by ettringite.  Minor evidence of active alkali silica reaction observed.  Poor overall condition. 

 
 II. Aggregate 
 1. Coarse: 25mm (1") maximum sized crushed carbonate consisting of fossiliferous, micritic, and oolitic limestone.  

The coarse aggregate was mostly angular with many sub-angular particles.  Fairly well graded with good 
overall uniform distribution. 

 
 2. Fine: Quartz and lithic sand with many carbonate and chert particles that was fairly well graded.  The grains were 

mostly sub-angular with many sub-rounded particles.  Good overall uniform distribution.   
 
III. Paste    
 1. Air Content: 3.4% total 
 2. Paste proportions: 26% to 28% 
 3. Depth of carbonation: Ranged from negligible up to approximately 14 mm (9/16") depth from the fractured surface.  

Ranged from approximately 3 mm (1/8") up to 5 mm (3/16") depth from the bottom surface.  
Ranged from negligible up to approximately 9 mm (3/8") depth from the cored sides of the 
sample. 

 4. Paste/aggregate bond: Good 
 5. Paste color: Light gray becoming medium tan in the bottom approximately 1 mm (1/32") of the sample 
 6. Paste hardness: Moderately hard 
 7. Microcracking: Few microcracks were observed at various depths and orientations scattered throughout the 

sample.  One sub-horizontal microcrack proceeds across the core's diameter approximately 102 
mm (4") depth from the bottom surface.  Microcracking proceeds through a few coarse 
aggregate particles. 

 8. Secondary deposits: White to clear ettringite was observed lining to filling numerous entrained air voids scattered 
throughout the sample.  White alkali silica gel appears to be filling few entrained air voids 
proximate to a coarse aggregate particle approximately 171 mm (6-3/4") depth from the 
fractured surface. 

 9. Slump: Estimated, medium (3 to 5")  
 10. Pozzolan/Slag presence: None observed 
 11. Water/cement ratio: Estimated at between 0.43 to 0.48 with approximately 3-5% unhydrated or residual portland 

cement clinker particles. 
 12. Cement hydration: Alites-mostly fully; Belites-low to moderate 
 
 IV. Conclusions 
      The general overall quality of the concrete was poor. 
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resistance.

Hardened Concrete Core

197 mm (7-3/4") diameter x 280 

mm (11") long

Description:

FEBRUARY 17, 201110-06903

Dimensions:

DATE:

Entrapped %

Air Voids/inch

Specific Surface, in2/in3

Spacing Factor, inches

Sample ID:

APS JOB NO:

Air Void Content %

Entrained %

B7

Test Data: ASTM: C457 Linear Traverse 

Method, APS SOP 00LAB003 and 

ACI 116R

This document shall not be reproduced, except in full, without written approval of American Petrographic Services, Inc.                                     

5 50 Cleveland Avenue North • Saint Paul, MN 55114 • 651-659-9001 • Fax 651-647-2744 • www.ampetrographic.com                        
AN AFFIRMATIVE ACTION AND EQUAL OPPORTUNITY EMPLOYER

Magnification: 30x

Description:    Overall hardened air content

50x

100

2/16/2011Test Date

Magnification

3.79

380

26

Traverse Length, inches

Paste Content, % estimated

0.014

0

10

20

30

40

50

60

70

80

90

100

1 5 9

1
3

1
7

2
1

2
5

2
9

3
3

3
7

>
4
0

#
 V

O
ID

S
 

CHORD LENGTH (1x.001") 



PROJECT:

Conformance:

Sample Data:

4.3

2.6

1.7

Histogram

REPORTED TO:

ATTN:

THY INC.

1760 MORIAH WOODS BLVD, STE 1

MEMPHIS, TN  38117

MEMPHIS TERMINAL APRON

RECONSTRUCTION

TECK TANG

AIR VOID ANALYSIS

The sample contains an air void 

system which is not consistent with 

current technology for freeze-thaw 

resistance.

Hardened Concrete Core

197 mm (7-3/4") diameter x 318 

mm (12-1/2") long

Description:

FEBRUAURY 17, 201110-06903

Dimensions:

DATE:

Entrapped %

Air Voids/inch

Specific Surface, in2/in3

Spacing Factor, inches

Sample ID:

APS JOB NO:

Air Void Content %

Entrained %

B8

Test Data: ASTM: C457 Linear Traverse 

Method, APS SOP 00LAB003 and 

ACI 116R

This document shall not be reproduced, except in full, without written approval of American Petrographic Services, Inc.                                     

5 50 Cleveland Avenue North • Saint Paul, MN 55114 • 651-659-9001 • Fax 651-647-2744 • www.ampetrographic.com                        
AN AFFIRMATIVE ACTION AND EQUAL OPPORTUNITY EMPLOYER

Magnification: 30x

Description:    Overall hardened air content

50x

100

2/17/2011Test Date

Magnification

5.53

510

25

Traverse Length, inches

Paste Content, % estimated

0.010

0

20

40

60

80

100

120

140

1 5 9

1
3

1
7

2
1

2
5

2
9

3
3

3
7

>
4
0

#
 V

O
ID

S
 

CHORD LENGTH (1x.001") 



PROJECT:

Conformance:

Sample Data:

AIR VOID ANALYSIS

5.0

3.4

1.6

Histogram

REPORTED TO:

ATTN:
DATE:

TECK TANG

FEBRUARY 17, 201110-06903

THY INC.

1760 MORIAH WOODS BLVD, STE1

MEMPHIS, TN  38117

MEMPHIS TERMINAL APRON

RECONSTRUCTION

Sample ID:

APS JOB NO:

Air Void Content %

Entrained %

B12

Test Data:

The sample contains an air void 

system which is consistent with 

current technology for freeze-thaw 

resistance.

Hardened Concrete Core

223 mm (8-3/4") diameter x 299 

mm (11-3/4") long

Description:

Entrapped %

Air Voids/inch

Specific Surface, in2/in3

Spacing Factor, inches

Dimensions:

ASTM: C457 Linear Traverse 

Method, APS SOP 00LAB003 and 

ACI 116R

0.007

This document shall not be reproduced, except in full, without written approval of American Petrographic Services, Inc.                                     

5 50 Cleveland Avenue North • Saint Paul, MN 55114 • 651-659-9001 • Fax 651-647-2744 • www.ampetrographic.com                        
AN AFFIRMATIVE ACTION AND EQUAL OPPORTUNITY EMPLOYER

Magnification: 30x

Description:    Overall hardened air content

50x

100

2/17/2011Test Date

Magnification

8.23

660

24

Traverse Length, inches

Paste Content, % estimated

0

50

100

150

200

250

300

1 5 9

1
3

1
7

2
1

2
5

2
9

3
3

3
7

>
4
0

#
 V

O
ID

S
 

CHORD LENGTH (1x.001") 



PROJECT:

Conformance:

Sample Data:

TECK TANG

AIR VOID ANALYSIS

3.5

1.7

1.8

Histogram

REPORTED TO:

ATTN:

THY INC.

1760 MORIAH WOODS BLVD, STE 1

MEMPHIS, TN  38117

MEMPHIS TERMINAL APRON

RECONSTRUCTION

The sample contains an air void 

system which is not consistent with 

current technology for freeze-thaw 

resistance.

Hardened Concrete Core

197 mm (7-3/4") diameter x 363 

mm (14-1/4") long

Description:

FEBRUARY 23, 201110-06903

Dimensions:

DATE:

Entrapped %

Air Voids/inch

Specific Surface, in2/in3

Spacing Factor, inches

Sample ID:

APS JOB NO:

Air Void Content %

Entrained %

B14

Test Data: ASTM: C457 Linear Traverse 

Method, APS SOP 00LAB003 and 

ACI 116R

This document shall not be reproduced, except in full, without written approval of American Petrographic Services, Inc.                                     

5 50 Cleveland Avenue North • Saint Paul, MN 55114 • 651-659-9001 • Fax 651-647-2744 • www.ampetrographic.com                        
AN AFFIRMATIVE ACTION AND EQUAL OPPORTUNITY EMPLOYER

Magnification: 30x

Description:    Overall hardened air content

50x

100

2/23/2011Test Date

Magnification

3.55

400

25

Traverse Length, inches

Paste Content, % estimated

0.013

0

10

20

30

40

50

60

70

80

1 5 9

1
3

1
7

2
1

2
5

2
9

3
3

3
7

>
4
0

#
 V

O
ID

S
 

CHORD LENGTH (1x.001") 



PROJECT:

Conformance:

Sample Data:

TECK TANG

AIR VOID ANALYSIS

4.6

2.4

2.2

Histogram

REPORTED TO:

ATTN:

THY INC.

1760 MORIAH WOODS BLVD, STE 1

MEMPHIS, TN  38117

MEMPHIS TERMINAL APRON

RECONSTRUCTION

The sample contains an air void 

system which is not consistent with 

current technology for freeze-thaw 

resistance.

Hardened Concrete Core

96 mm (3-3/4") diameter x 356 mm 

(14") long

Description:

FEBRUARY 17, 201110-06903

Dimensions:

DATE:

Entrapped %

Air Voids/inch

Specific Surface, in2/in3

Spacing Factor, inches

Sample ID:

APS JOB NO:

Air Void Content %

Entrained %

P14

Test Data: ASTM: C457 Linear Traverse 

Method, APS SOP 00LAB003 and 

ACI 116R

This document shall not be reproduced, except in full, without written approval of American Petrographic Services, Inc.                                     

5 50 Cleveland Avenue North • Saint Paul, MN 55114 • 651-659-9001 • Fax 651-647-2744 • www.ampetrographic.com                        
AN AFFIRMATIVE ACTION AND EQUAL OPPORTUNITY EMPLOYER

Magnification: 30x

Description:    Overall hardened air content

50x

100

2/17/2011Test Date

Magnification

5.28

460

26

Traverse Length, inches

Paste Content, % estimated

0.011

0

20

40

60

80

100

120

140

1 5 9

1
3

1
7

2
1

2
5

2
9

3
3

3
7

>
4
0

#
 V

O
ID

S
 

CHORD LENGTH (1x.001") 



PROJECT:

Conformance:

Sample Data:

4.44

470

21

Traverse Length, inches

Paste Content, % estimated

0.010

50x

100

2/28/2011Test Date

Magnification

ASTM: C457 Linear Traverse 

Method, APS SOP 00LAB003 and 

ACI 116R

This document shall not be reproduced, except in full, without written approval of American Petrographic Services, Inc.                                     

5 50 Cleveland Avenue North • Saint Paul, MN 55114 • 651-659-9001 • Fax 651-647-2744 • www.ampetrographic.com                        
AN AFFIRMATIVE ACTION AND EQUAL OPPORTUNITY EMPLOYER

Magnification: 30x

Description:    Overall hardened air content

Entrapped %

Air Voids/inch

Specific Surface, in2/in3

Spacing Factor, inches

Sample ID:

APS JOB NO:

Air Void Content %

Entrained %

P35

Test Data:

The sample contains an air void 

system which is not consistent with 

current technology for freeze-thaw 

resistance.

Hardened Concrete Core

96 mm (3-3/4") diameter x 394 mm 

(15-1/2") long

Description:

FEBRUARY 28, 201110-06903

Dimensions:

DATE:

THY INC.

1760 MORIAH WOODS BLVD, STE 1

MEMPHIS, TN  38117

MEMPHIS TERMINAL APRON

RECONSTRUCTION

TECK TANG

AIR VOID ANALYSIS

3.8

2.6

1.2

Histogram

REPORTED TO:

ATTN:

0

10

20

30

40

50

60

70

80

90

100

1 5 9

1
3

1
7

2
1

2
5

2
9

3
3

3
7

>
4
0

#
 V

O
ID

S
 

CHORD LENGTH (1x.001") 



PROJECT:

Conformance:

Sample Data:

AIR VOID ANALYSIS

2.5

1.5

1.0

Histogram

REPORTED TO:

ATTN:
DATE:

TECK TANG

FEBRUARY 24, 201110-06903

THY INC.

1760 MORIAH WOODS BLVD, STE 1

MEMPHIS, TN  38117

MEMPHIS TERMINAL APRON

RECONSTRUCTION

Sample ID:

APS JOB NO:

Air Void Content %

Entrained %

P54
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The sample contains an air void 
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Magnification: 30x

Description:    Overall hardened air content
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The sample contains an air void 
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APS #:            10-06903 DATE:    MARCH 7, 2010 
PROJECT:      MEMPHIS TERMINAL APRON RECONSTRUCTION 
 

 
 
  DESCRIPTION: Overall view of the samples as received. 
  

 

 
 
  DESCRIPTION: Overall view of the samples as received. 
  
 
 
 
 



APS #:            10-06903 DATE:    MARCH 7, 2010 
PROJECT:      MEMPHIS TERMINAL APRON RECONSTRUCTION 
 

 
 
  DESCRIPTION: Overall view of the samples as received. 
  

 

 
 
SAMPLE ID:               B14 DESCRIPTION: Top surface of the sample as received.  Note the mortar eroded surface. 
  
 
 
 
 



APS #:            10-06903 DATE:    MARCH 7, 2010 
PROJECT:      MEMPHIS TERMINAL APRON RECONSTRUCTION 
 

 
 
SAMPLE ID:              B7 DESCRIPTION: Top surface of the sample as received.  Note the mortar eroded surface. 
  

 

 
 
SAMPLE ID:               P14 DESCRIPTION: Top surface of the sample as received.  Note the mortar eroded surface. 
  
 
 
 
 



APS #:            10-06903 DATE:    MARCH 7, 2010 
PROJECT:      MEMPHIS TERMINAL APRON RECONSTRUCTION 
 

 
 
SAMPLE ID:              P35 DESCRIPTION: Top surface of the sample as received.  Note the mortar eroded surface. 
  

 

 
 
SAMPLE ID:               B1 DESCRIPTION: Carbonation proceeds to approximately 3 mm (1/8") from the top surface 

of the core. MAG: 15x 
 
 
 
 



APS #:            10-06903 DATE:    MARCH 7, 2010 
PROJECT:      MEMPHIS TERMINAL APRON RECONSTRUCTION 
 

 
 
SAMPLE ID:              B7 DESCRIPTION: Carbonation proceeds to approximately 11 mm (7/16") depth from the top 

surface of the core. MAG: 5x 
 

 
 
SAMPLE ID:               P14 DESCRIPTION: Carbonation proceeds to approximately 6 mm (1/4") depth from the top 

surface of the core. MAG: 10x 
 
 
 
 



APS #:            10-06903 DATE:    MARCH 7, 2010 
PROJECT:      MEMPHIS TERMINAL APRON RECONSTRUCTION 
 

 
 
SAMPLE ID:              P35 DESCRIPTION: Carbonation proceeds to approximately 6 mm (1/4") depth from the top 

surface of the core. MAG: 15x 
 

 
 
SAMPLE ID:               P54 DESCRIPTION: Carbonation proceeds to approximately 5 mm (3/16")  depth from the 

bottom surface of the core. MAG: 30x 
 
 
 
 



APS #:            10-06903 DATE:    MARCH 7, 2010 
PROJECT:      MEMPHIS TERMINAL APRON RECONSTRUCTION 
 

 
 
SAMPLE ID:              P20 DESCRIPTION: Predominately sub-horizontal microcracks (mapped with red ink on the left 

side of the core) in a cut and polished cross section of the core.   
 

 
 
SAMPLE ID:               B7 DESCRIPTION: Ettringite partially filling to filling many entrained sized air voids in a cut 

and polished cross section of the corel. MAG: 50x 
 
 
 
 



APS #:            10-06903 DATE:    MARCH 7, 2010 
PROJECT:      MEMPHIS TERMINAL APRON RECONSTRUCTION 
 

 
 
SAMPLE ID:              P14 DESCRIPTION: Ettringite filling entrained sized air voids (red arrows) and a microcrack 

(yellow arrows) in a cut and polished cross section of the core. MAG: 30x 
 

 
 
SAMPLE ID:               P20 DESCRIPTION: Ettringite partially filling to filling entrained sized air voids in a cut and 

polished cross section of the core. MAG: 30x 
 
 
 
 



APS #:            10-06903 DATE:    MARCH 7, 2010 
PROJECT:      MEMPHIS TERMINAL APRON RECONSTRUCTION 
 

 
 
SAMPLE ID:              B7 DESCRIPTION: ASR gel partially filling and filling voids proximate to a reactive chert 

particle (right side of photo) in a cut and polished cross section of the core.  MAG: 30x 
 

 
 
SAMPLE ID:              P14 DESCRIPTION: ASR gel partially filling a void and microcrack proximate to a reactive 

chert particle (left side of photo) in a cut and polished cross section of the core.  MAG: 15x 
 
 
 
 



APS #:            10-06903 DATE:    MARCH 7, 2010 
PROJECT:      MEMPHIS TERMINAL APRON RECONSTRUCTION 
 

 
 
SAMPLE ID:              B7 DESCRIPTION: Ettringite filling air voids in a thin section of the sample under cross 

polarized light.  MAG: 200x 
 

 
 
SAMPLE ID:              P20 DESCRIPTION: Ettringite partially filling to filling air voids in a thin section of the sample 

under plane polarized light.  MAG: 100x 
 
 
 
 



APS #:            10-06903 DATE:    MARCH 7, 2010 
PROJECT:      MEMPHIS TERMINAL APRON RECONSTRUCTION 
 

 
 
SAMPLE ID:              B4 DESCRIPTION: Mostly fully hydrated alite portland cement clinker particles in a thin 

section of the hardened cement paste under plane polarized light.  MAG: 400x 
 

 
 
SAMPLE ID:              B7 DESCRIPTION: Mostly fully hydrated alite portland cement clinker particles in a thin 

section of the hardened cement paste under plane polarized light. MAG: 400x 
 
 
 
 



APS #:            10-06903 DATE:    MARCH 7, 2010 
PROJECT:      MEMPHIS TERMINAL APRON RECONSTRUCTION 
 

 
 
SAMPLE ID:              P20 DESCRIPTION: Mostly fully hydrated alite portland cement clinker particles (red arrows) 

and a moderately hydrated belite particle in a thin section of the hardened cement paste under 
plane polarized light.  

MAG: 400x 

 

 
 
SAMPLE ID:              P35 DESCRIPTION: Mostly fully hydrated alite portland cement clinker particles (red arrows) 

and a moderately hydrated belite particle in a thin section of the hardened cement paste under 
plane polarized light. 

MAG: 400x 

 



 
 
 
 
 
 
 
 
 
 
 
 

DOCUMENT 4: LETTER ONE – ARUN WAGH INC. 



 

 
     
 
 
 
August 13, 2011 
 
Mr. Gary Scruggs, P.E. 
Pickering Firm, Inc. 
6775 Lenox Center Ct., Suite 300 
Memphis, TN 38115 
 

SUBJECT: Terminal Apron, MSCAA Project # 08-1259-00 
  Memphis International Airport 
  Memphis, Tennessee 
  AWI Project No.: GEC-5339 
 

Dear Mr. Scruggs: 
 
I had prepared the geotechnical report for the referenced project as a consulting engineer for Tri-
State Testing Services (TSTS).  In that report I had given recommendations for the CBR and 
coefficient of subgrade reaction values.  Recently you asked me during a telephone conversation 
to also give recommendations for bearing capacities for the design of foundations.  You also said 
that recommendations are needed for all types of structural supports, such as isolated square 
(pad) footings, continuous (wall) footings, and mat/slab foundation.  While no specific structure 
type or loading information is available, I have presented a discussion regarding the soil 
conditions (somewhat repetitive from the original report but, nonetheless, relevant to this report) 
and then some general recommendations for bearing capacities in the following paragraphs, 
which I would like to review once the structure and loading- related information is finalized.  For 
a more detailed soil description I refer to the original report. 

The soils investigated consisted of natural soils as well as fill soils.  Table 1 below, reproduced 
from the original report, indicates the depth extent of fill in different borings and related notes.  
This table is strictly based on my inferences drawn from sample inspection.  All soils, natural as 
well as fill, were found to be silty clays or clayey silts.  With the exception of boring B-9, the 
soils were indicated (by the SPT blow counts and unconfined compression strength tests) to be of 
stiff to very stiff consistencies. Boring B-9 indicated very moist and weaker soils at critical 
depths.  Two favorable factors about the fill are: 1) the fill is dormant for awhile and, therefore, 
has had a chance to settle under its own weight, and 2) all the borings in apparent fill consistently 
indicated stiff to very stiff consistencies.  I still caution that even with these favorable results 
obtained from the investigation we should be mindful that in general investigation results in an 
uncontrolled fill mass cannot be considered as entirely fool proof.   
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TABLE-1 
 

Boring Number Inferred Depth of  
Fill Soils 

Boring Number Inferred Depth of  
Fill Soils 

1 None 9 None 
2 None 10 15’ 
3 15’ 11 8’ 
4 None 12 8’ 
5 5’ 13 5’ 
6 None 14 15’ 
7 15’ 15 None 
8 5’   

   
NOTES: 

1. All borings were terminated at a depth of 15’.  Thus, when the inferred depth of 
fill is given as 15’, it implies – to the depth extent of the boring. 

2. The depths given in the above table are with reference to the existing surface.  
Thus, the pavement is included in the depths given. 

3. Although no fill is mentioned in B-2, small amount of sand and gravel was noted 
at the top of the first sample at 3.5’ – 5.0’. 
 

I have given detailed recommendations in the original report regarding checking of the fill by 
proof rolling and digging test pits.  I note here that test pits should be dug away from the 
footing/foundation areas so as to not disturb the subgrade in those areas.  I have made special 
mention in the original report regarding boring B-9, which showed questionable soils.  
Depending on the field observations decisions should be taken regarding need of any undercut in 
this area.  If any structure is to be built in this area, please contact me for additional comments. 

Subject to observing above precautions, I have recommended below (next page) allowable 
bearing capacities for different type of foundations.  I consider these bearing capacities as 
conservative vis-à-vis the soil investigation data in the original report.  I also consider this 
conservatism to be justified given the uncertainties associated with any uncontrolled fill mass.  
Also, wherever presence of natural soils is inferred, it is strictly based on sample inspection and 
without a high degree of certainty.   

Footings should be set below the frost depth.  Typically, the footings/foundations are set at a 
minimum depth of 18” in this area.  If the footings are relatively large (that is, if loads are 
relatively large, say greater than 150 kips for columns and 6 kips per foot for walls), please 
contact me for an evaluation with respect to the area and boring in that area.  Mat foundation 
tends to bridge over small irregularities and heterogeneity of the soil mass beneath.  Still a very 
conservative soil bearing pressure has been recommended below for two reasons – 1) to account 
for the fill-related uncertainty factor, which would be exaggerated for the larger mat foundation, 
and 2) the recommended bearing pressure generally has been found to suffice in most cases.   
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Following are the Recommended Allowable Bearing Capacities: 

Pad Footings:  3,000 psf 

Continuous Footings: 2,500 psf 

Mat Foundation: 1,500 psf 

If higher bearing pressures are needed for the design, I would be pleased to review the data with 
respect to the specific structure, loads, and the area it is to be built in. 

For proof rolling, test pits, site preparation, fill placement, and inspection I refer to the original 
report.  However, I emphasize here that footing/foundation subgrade should be inspected by a 
geotechnical engineer or an engineering technician working under the direction of the engineer.  

If you have any questions regarding this report, please feel free to call this office at (901) 755-
3230. 

 
Very truly yours, 
 
 
 
 
Arun Wagh, P.E. 
AWI 
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August 18, 2011 
 
Mr. Gary Scruggs, P.E. 
Pickering Firm, Inc. 
6775 Lenox Center Ct., Suite 300 
Memphis, TN 38115 
 

SUBJECT: Terminal Apron, MSCAA Project # 08-1259-00 
  Memphis International Airport 
  Memphis, Tennessee 
  AWI Project No.: GEC-5339-A 
 

Dear Mr. Scruggs: 
 
I had submitted a letter report dated August 13, 2011, in which I had given bearing capacity 
values for various foundation types.  Subsequently, Mr. Joe Smith, the structural engineer, 
requested through Mr. Ken Bilson to provide a value for angle of internal friction (Φ) for the soil 
that can be used to calculate that lateral pressures on the vault walls.  I present my discussion and 
recommendations in the following paragraphs. 

I assume that this request is related to the soils investigated in TSTS’s report of recommendations 
(prepared by me) for the referenced project.  In that investigation all the soils investigated were 
predominantly cohesive materials, classified as silty clays (CL) or clayey silts (ML).  Such soils 
are generally not considered as desirable for use behind retaining walls.  Granular materials are 
generally considered as suitable behind retaining walls.  For predominantly cohesive materials, Φ 
angle would be obtained from drained shear strength or S-test, and used as a long-term soil 
parameter.  Strictly based on the soil type, and based on correlation with plasticity index, I 
conservatively recommend a value of 260. 

I recommend use of predominantly granular material to be used behind retaining walls.  If the 
material inherent to the site is predominantly cohesive, typically a 450 wedge behind the wall is 
filled with compacted granular material. 

We recommend that if backfill is placed behind the wall/s, it should be compacted to at least 95% 
of the dry density obtained from the standard moisture-density (standard Proctor) density test, 
ASTM D-698.  Soil within about 5 feet of the wall should be compacted with hand compactors 
to avoid excessive stresses on the wall/s.  For compacted clean sand I conservatively recommend 
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a value of 350 for the Φ angle. 

Crushed concrete may be considered for backfill since it acts as predominantly granular material, 
and generally proves to be cost-effective.  For this type of material I conservatively recommend a 
value of 320 for the Φ angle.  A separation type of geofabric should be used at the interface of the 
predominantly cohesive soils and crushed concrete backfill. 

Provision of good drainage behind the walls is critical. 

Backfill placement, inspection of retaining wall footings, and other related work should be 
completed under the oversight of a geotechnical engineer or an engineering technician working 
under the direction of the engineer.  

If you have any questions regarding this report, please feel free to call this office at (901) 755-
3230. 

 
Very truly yours, 
 
 
 
 
 
 
Arun Wagh, P.E. 
AWI 
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August 19, 2011 
 
Mr. Gary Scruggs, P.E. 
Pickering Firm, Inc. 
6775 Lenox Center Ct., Suite 300 
Memphis, TN 38115 
 

SUBJECT: Terminal Apron, MSCAA Project # 08-1259-00 
  Memphis International Airport 
  Memphis, Tennessee 
  AWI Project No.: GEC-5339-B 
 

Dear Mr. Scruggs: 
 
I add to my August 19, 2011 letter that if clean sand (in general granular soils with less than four 
percent by weight passing the No. 200 sieve, or less than eight percent for a uniform gradation) 
were to be used as backfill behind the retaining walls, then relative density criterion would be 
more appropriate for compaction.  I recommend that the sand backfill should be compacted to to 
at least 70% relative density as defined by ASTM Designations D-4253 and D-4254 instead of 95% 
of standard Proctor density. 

If you have any questions regarding this report, please feel free to call this office at (901) 755-
3230. 

 
Very truly yours, 
 
 
 
 
 
 
Arun Wagh, P.E. 
AWI 
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DOCUMENT 7: LETTER FOUR – B & W 
ENGINEERING LABORATORIES INC. 



B & W Engineering Laboratories, Inc.
P.O. Box 341091                        Memphis, Tennessee 38184-1091                       (901) 373-7957

12 September 2011
Job No. 7835
Serial No. D-1489

Mr. Tyler Johnson
Pickering Firm, Inc.
6775 Lenox Center Court
Suite 300
Memphis, TN   38115
(901) 726-0810
tjohnson@pickeringfirm.com
 

Ref: Concrete Core Strength Tests
Memphis International Airport
Memphis, Tennessee

Dear Tim:

Compressive strength test results of tests performed on concrete cores received from Tri-
State Testing Services, Inc., are attached.  As indicated on the applicable test report, the
nominal eight and nine inch diameter cores were re-cored to a nominal four inch diameter
prior to testing.  All cores were saw cut on both ends to achieve an acceptable length to
diameter ratio and to avoid inclusion of reinforcing steel noted in some of the un-cut cores
within the cores to be tested.  In some instances, two testable cores were obtained from
the same core; in such instances, both cores were tested.  All testing was performed in
accordance with ASTM C39, Standard Test Method for Compressive Strength of
Cylindrical Concrete Specimens.  If there are any questions, or if additional information is
required, please advise.

Respectfully submitted,

B & W Engineering Laboratories, Inc.

John L. Walton,  Sr.,  P.E.
President

JLW/jw0911

Attachements (2)



B & W Engineering Laboratories, Inc.

P.O. Box 341091                       Memphis, Tennessee 38184-1091                        (901) 373-7957

12 September 2011 Memphis International Airport
Job No. 7835 Nominal 4" diameter Concrete Cores
Serial No. D-1487 Provided by Tri-State Testing Services

Core 
No.

Diameter
(in)

Area
(sq in)

Length
(in)

L/D
Ratio

Cor.
Factor

Load
(pounds)

Compressive
Strength (psi)

P1a 3.90 11.94 6.625 1.70 .98 71796 5890

P1b 3.90 11.94 5.375 1.38 .95 62442 4970

P2a 3.87 11.76 5.96 1.54 .96 64144 5240

P2b 3.87 11.76 7.625 1.97 1 70745 6020

P4a 3.87 11.76 7.67 1.98 1 46364 3940

P4b 3.87 11.76 7.23 1.87 .99 49324 4150

P7 3.85 11.64 7.54 1.96 1 69833 6000

P9 3.84 11.58 7.68 2 1 67950 5870

P27 3.83 11.52 7.65 2 1 68461 5940

P34 3.83 11.52 7.65 2 1 70741 6140

P40 3.83 11.52 7.125 1.86 .99 72827 6260

P51 3.86 11.70 7.67 1.99 1 82751 7070

P61 3.84 11.58 7.125 1.86 .99 63369 5420

P72 3.88 11.82 5.15 1.33 .94 64674 5140

P79 3.91 12.00 7.33 1.88 .99 59111 4880

P85a 3.86 11.70 7.65 1.98 1 68451 5850

P85b 3.86 11.70 5.74 1.49 .96 61164 5020

Respectfully submitted,

B & W Engineering Laboratories, Inc.

John L. Walton,  Sr.,  P.E.
     President
JLW/jw0911



B & W Engineering Laboratories, Inc.

P.O. Box 341091                       Memphis, Tennessee 38184-1091                        (901) 373-7957

12 September 2011 Memphis International Airport
Job No. 7835 Nominal 8"/9" diameter Concrete Cores
Serial No. D-1488 Provided by Tri-State Testing Services

Core 
No.

Re-cored
Diameter

(in)
Area

(sq in)
Length

(in)
L/D

Ratio
Cor.

Factor
Load

(pounds)
Compressive
Strength (psi)

B-2 3.81 11.40 7.00 1.84 .99 63257 5490

B-3 3.81 11.40 4.67 1.23 .93 60582 4940

B-5 3.81 11.40 6.79 1.78 .98 58632 5040

B-6 3.82 11.46 6.125 1.60 .97 79616 6740

B-9 3.82 11.46 7.625 2 1 72630 6340

B-10 3.81 11.40 6.83 1.79 .98 53837 4630

B-11 3.81 11.40 7.625 2 1 59273 5200

B-13 3.80 11.34 7.625 2.01 1 55472 4890

B-15 3.81 11.40 6.125 1.61 .97 57216 4870

Respectfully submitted,

B & W Engineering Laboratories, Inc.

John L. Walton,  Sr.,  P.E.
     President
JLW/jw0911
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