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EXECUTIVE SUMMARY 

The present study involves evaluation of strength and durability of a 93-year-old concrete underground tunnel in 
the Playland Park in Rye, New York. Four concrete cores marked as P-45, P-47, P-48, and P-49 were received, of 
which core P-45 was requested for compressive strength according to the procedures of ASTM C 42, Core P-49 for 
detailed petrographic examinations according to the procedures of ASTM C 856, and Cores P-47, 48, and 49 for 
determination of water-soluble chloride contents at 1-in. and 2-in. depths from the exposed ends by ion 
chromatography according to the procedures of ASTM D 4327. The subject tunnel built circa 1927 connects the 
main facilities of the park to the beach area. It is open to the ocean side and hence exposed to typical elements of 
marine environment. Therefore, the purpose of this study is to investigate potential ingress of various elementals 
(e.g., moisture, chloride, sulfate, carbon dioxide) from the ocean environment to the concrete and their role, if any, 
on the long-term durability and performance of the tunnel. 

Based on detailed petrographic examinations, the concrete in Core P-49 is found to be non-air-entrained which is 
not uncommon for a concrete reportedly placed during 1927 (i.e. prior to the advent of air entrainment in Portland 
cement concrete in the early 30s), and made using: (a) quartzite gravel coarse aggregate having a nominal maximum 
size of 3/4 in. (19 mm) and containing well-graded, well-distributed, dense, hard, variably colored, rounded, variably 
strained quartzite gravel particles that are present in sound conditions without any evidence of potentially 
deleterious alkali-aggregate reactions (despite the presence of strained quartz, which are known to be alkali-silica 
reactive); (b) siliceous natural sand fine aggregate having a nominal maximum size of 3/8 in. (9.5 mm) and containing 
major amount of quartz, subordinate amount of variably strained quartzite, and minor amount of feldspar and other 
siliceous rocks where particles are well-graded, well-distributed, and present in sound conditions; (c) a dense, 
Portland cement-only paste having an estimated cement content of 6 to 61/2 bags per cubic yard and an estimated 
water-cement ratio of 0.50 to 0.55, which is uniform throughout the examined length of the core; (d) carbonated 
exposed end, where the depth of carbonation of paste is estimated to be 25 mm in Core P-49; (e) secondary calcium 
carbonate and ettringite deposits, indicating prolonged presence of moisture in concrete during service, and (f) lack 
of air-entrainment having an air content estimated to be 21/2 to 31/2 percent.  Concrete lacks any embedded items 
such as wire mesh, steel reinforcement, or fibers in any of the four cores received. 

Due to the moist exterior environment in the vicinity of beach, the non-air-entrained nature of concrete makes the 
tunnel vulnerable to potential damage related to cyclic freezing and thawing at critically saturated conditions. There 
is, however, no clear evidence of freezing-related cracking found in Core P-49, which was tested by petrography, 
except for some surface scaling issues, which can as well be formed from freezing and thawing. The concrete 
contained quartzite gravel coarse aggregate and silica sand fine aggregate, both of which contain many strained 
quartz particles that are known to be alkali-silica reactive. However, there is no evidence of such a reaction in Core 
P-49. The estimated water-cement ratio of paste (0.50 to 0.55) is higher than that commonly recommended 
(maximum 0.45) for a durable concrete in a marine environment. The high water-cement ratio makes the concrete 
permeable for deeper ingress of chloride to a depth of at least 2 in. from the exposed surfaces of cores. Although 
not found in Core P-49, but due to deeper penetration of chloride, and almost 1 in. deep penetration of atmospheric 
carbonation, both chloride and carbonation-induced corrosion of steel in concrete is possible, where chloride-
induced corrosion can occur even at deeper level than 1 in. zone of carbonation found in Core P-49. If exposed, 
corroded reinforcing steel are found in the tunnel, then protective measures should be taken to mitigate chloride 
ingress as the present study has confirmed at least 2 in. deep penetration of chloride from the beach as well as 1 in. 
deep carbonation.       

Compressive strength of concrete in Core P-45 is determined to be 5190 psi, which is reasonably good for a 93-
year-old concrete and consistent with the properties and composition of concrete in Core P-49 as found from 
petrographic examinations.  

Based on petrographic examinations, compressive strength test, and chemical analyses, of water-soluble chloride 
and sulfate contents of concrete, the underground tunnel is found to be present in a reasonably serviceable condition, 
except with a clear evidence of at least 2-in. deep penetration of chloride from the beach, and, evidence of potential 
freezing-related cracking (from non-air-entrained nature), and corrosion of steel in concrete (from elevated chloride 
level to at least 2-in. depth and 1-in. thick zone of carbonation).  Therefore, protection of the tunnel’s exposed wall 
from further ingress of chloride, carbon dioxide, and other elements from the beach is necessary for its long-term 
continued performance in the park. 
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INTRODUCTION 

The present study involves evaluation of strength and durability of a 93-year-old concrete underground tunnel in 

the Playland Park in Rye, New York. Four concrete cores marked as P-45, P-47, P-48, and P-49 were received, of 

which core P-45 was requested for compressive strength, P-49 for detailed petrographic examinations, and P-47, 

48, and 49 for water-soluble chloride contents at 1-in. and 2-in. depths from the exposed ends.    

BACKGROUND  

The subject tunnel built circa 1927 connects the main facilities of the park to the beach area. It is open to the ocean 

side and hence exposed to typical elements of marine environment. Therefore, the purpose of this study is to 

investigate potential ingress of various elementals (e.g., moisture, chloride, sulfate, carbon dioxide) from the ocean 

environment to the concrete and their role, if any, on the long-term durability and performance of the tunnel.     

PURPOSE 

Therefore, the purpose of this study is to investigate potential ingress of various elements (e.g., moisture, chloride, 

sulfate, carbon dioxide) from the oceanic environment to the concrete and their role, if any, on the long-tern 

durability and performance of the tunnel. Due to the presence of the tunnel in a region exposed to cycle freezing 

and thawing, overall performance of concrete in a moist outdoor environment of freezing and thawing is also 

investigated.      

The purposes of the present investigation are to determine: 

• The overall composition of concrete in Core P-49; 

• Coarse and fine aggregates used in the concrete and the binder and their role in durability of the concrete 

in the reported exterior environment of cyclic freezing and thawing; 

• Mix proportions of concrete, including the water-cementitious materials ratio and air content and their roles 

in the long-term durability of the concrete in the reported exterior environment near ocean water; 

• Depth of carbonation of concrete and investigation of any possibility of excessive carbonation and 

carbonation-induce corrosion of reinforcing steel in concrete and related cracking and spalling;  

• Investigation of possibility of chloride-induced corrosion of steel in concrete and associated cracking and 

spalling; 

• Investigation of possibility of any internal chemical and/or physical deterioration of concrete other than 

steel corrosion, e.g., alkali-aggregate reaction;  

• Compressive strength of concrete in Core P-45; and, 

• An assessment of long-term durability of concrete in the reported marine environment.   
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METHODOLOGIES 

PETROGRAPHIC EXAMINATIONS 

Petrographic examinations of concrete Core P-49 were done by following the procedures of ASTM C 856 “Standard 

Practice for Petrographic Examination of Hardened Concrete.”  Details of concrete petrography, and sample 

preparation techniques for petrographic examinations of concrete are provided in Jana (1997a, 1997b, 2005, 2006).  

 
Figure 1: Three essential microscopes used for Optical Microscopy, from Left - A Nikon Eclipse E600 POL polarizing 
(petrographic) microscope with reflected, transmitted, polarized-light, and fluorescent-light capabilities; Middle – 
An Olympus SZH reflected/transmitted/polarized-light Stereo-zoom microscope; and Right – A Nikon SMZ-10A 
Stereo-zoom microscope. All microscopes are equipped with Jenoptik Gryphax and Lumenera Infinity digital 
cameras. 

Briefly, the steps followed during petrographic examination of concrete include:  

i. Visual examinations of core, as received, including adequate documentation of dimensions, measurements, 
condition, physical properties, integrity, etc.;  

ii. Low-power stereo microscopical examinations of as-received, saw-cut and freshly fractured sections, and 
lapped cross section of core for evaluation of texture, air-void system, and composition; 

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

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

v. Photographing the core, as received, and at various stages of preparation with a digital camera and a flatbed 
scanner; 

vi. Photomicrographs of lapped cross section and blue epoxy impregnated thin section of concrete taken from 
stereomicroscope and petrographic microscope, respectively to provide detailed compositional and 
mineralogical information of concrete.  
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WATER-SOLUBLE CHLORIDE AND SULFATE 

Ingress of chloride and sulfate ions from the marine environment to the concrete in underground tunnel were 

assessed by determination of water-soluble anions by ion chromatography at the 1 in. and 2 in. depths from the 

exposed surfaces of Cores P-47, P-48, and P-49.  Sections removed from the suggested depths were pulverized, 

digested in ultrapure deionized water to dissolve all water-soluble salts, then solid residues are filtered out, and 

finally water-digested filtrates are analyzed by an ion chromatograph. Procedures of ion chromatography are 

described in ASTM D 4327 “Standard Test Method for Anions in Water by Chemically Suppressed Ion 

Chromatography.” Briefly, an aliquot of 1 gram of pulverized sample (passing No. 50 sieve) is digested in 50 ml 

distilled water for 6 to 8 hours on a magnetic stirrer at a temperature below boiling point of water; then the digested 

sample is filtered through two 2.5-micron filter papers using vacuum, followed by a second filtration through micro-

filter (0.2 micron) paper, then the filtrate is diluted to 200 ml with distilled water, and used for analysis to get ppm-

level anions (fluoride, chloride, nitrite, bromide, nitrate, phosphate, and sulfate) in the water-digested sample in 

Metrohm IC units (Figure 2). The instruments are calibrated against multiple custom-made Metrohm standard 

solutions having all the ions of interest from 0.1-ppm to 100-ppm levels. To check the accuracy of the instrument, 

a 50-ppm standard solution was run first prior to the analysis of samples. 

 
Figure 2:  Water-soluble chloride, sulfate and other anions extracted from the core were analyzed by Metrohm 881 
Compact IC Professional with the attached 858 Professional Sample Processor. 

COMPRESSIVE STRENGTH 

Compressive strength of concrete in Core P-45 was tested by using the methods of ASTM C 42 “Standard Test 

Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete.”  The end surfaces of the core were 

sectioned to remove the exposed surface with protective coating and fractured opposite end, ground the ends to 

smooth flat surfaces, sulfur capped, and tested in their air-dry conditions to determine the compressive strength of 

concrete.  
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SAMPLES 

PHOTOGRAPHS, IDENTIFICATIONS, INTEGRITY, AND DIMENSIONS 

Figures 3 to 6 show the cores as received.  

All four cores have diameters of 33/4 in. (90 mm) and nominal lengths of 41/2 in., 21/4 in., 31/2 in. (total length of two 

broken parts), and 51/2 in. (total length of two broken parts) for Cores P-45, P-47, P-48, and P-49, respectively.  

Except for Cores P-48 and P-49, other two cores were received in intact conditions.   

EXPOSED SURFACE 

The top exposed surfaces of the cores show variably scaled and spalled exposed ends with traces of a beige paint 

coat detected in Cores P-45, P-48, and P-49. Opposite ends are fresh fractured.  

The cores thus represent partial recovery from the tunnel.  

CRACKS, JOINTS, AND LARGE VOIDS 

Other than a crack in Core P-48 that broken the core into two parts, and another one in Core P-49 which also 

broken the core into two unequal parts, no visible cracks are found in the other two cores.  

There are no joints, or large voids found in the cores.   

EMBEDDED ITEMS 

No reinforcing steel, wire mesh, or other embedded items are found.  

RESONANCE 

The cores have a ringing resonance when hammered.   
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Figure 3: Shown are the scaled exposed surface end of Core P-45 in top left photo having a trace of a beige paint 
coat, opposite fresh fractured end in top right photo, and side view in the bottom photo where arrow points to the 
exposed end.  



 CONSTRUCTION MATERIALS CONSULTANTS, INC.  

Concrete From An Underground Tunnel In A Marine Environment, Playland Park, Rye, New York 7 

 

 
Figure 4: Shown are the exposed scaled surface end of Core P-47 in top left photo, opposite fresh fractured end in 
top right photo, and side view in the bottom photo.  
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Figure 5: Shown are the exposed surface end of Core P-48 in top left photo, which shows loss of surface during 
drilling and a trace of beige paint in the remaining part, opposite fresh fractured end in top right photo, and side 
view in the bottom photo where the core shows two broken parts.  
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Figure 6: Shown are the exposed scaled surface end of Core P-49 in top left photo, which shows trace of a beige 
paint coat, opposite fresh fractured end in top right photo, and side view in the bottom photo (whwre the top spalled 
part is missing) where arrow points to the exposed end.  
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PETROGRAPHIC EXAMINATIONS 

LAPPED CROSS SECTIONS 

 
Figure 7: Lapped cross sections of Core P-49  showing quartzite gravel coarse aggregate and natural silicoeus sand 
fine aggregate, two unequal broken parts of core where the top spalled part shows beige discoloration to a depth of 
25 mm due to atmopsheric carbonation (carbonated zone is marked by white dashed line), good grading and well-
distribution of quartzite gravel and silica sand aggregates, overall dense and well-consolidated nature of concrete 
away from the crack.  
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SAW-CUT CROSS SECTION TREATED WITH PHENOLPHTHALEIN SOLUTION FOR CARBONATION 

 
Figure 8: Saw-cut cross section of Core P-49 after treatment with phenolphthalein alcoholic solution to highlight 
carbonated and non-carbonated portions, where carbonated portion shows beige discoloration at the top, whereas 
non-carbonated portion is discolored to pink. Top 25 mm of concrete shows beige discoloraiton due to atmopsheric 
carbonation, but majority of the interior concrete remained non-carbonated hence turned pink. 



 CONSTRUCTION MATERIALS CONSULTANTS, INC.  

Concrete From An Underground Tunnel In A Marine Environment, Playland Park, Rye, New York 12 

 

MICROGRAPHS OF LAPPED CROSS SECTION 

 
Figure 9: Micrographs of lapped cross section of Core P-49 from the surface region of concrete showing: (a) lack of 
air entrianment that are needed for protection of paste against freezing-related distress; (b) beige discoloraiton of 
concrete at the exposed surface region due to atmopsheric carbonation; and (c) a crack in the middle right photo 
situated beneath the spalled surface that broke the core into two parts. 
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Figure 10: Micrographs of lapped cross section of Core P-49 from the interior of concrete showing the non-air-
entrained nature of concrete and lack of fine, discrete, spherical entrianed air bubbes that are needed for protection 
of paste against freezing-related distress. 
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THIN SECTION 

 
Figure 11: Blue dye-mixed epoxy-impregnated thin section of Core P-49 from the top 3 inches where many irregular-
shaped and coarse spherical entrapped air voids and porous regions of paste are highlighted by blue epoxy whereas 
denser regions are differentiated by the lack of absorption of blue epoxy  
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MICROGRAPHS OF THIN SECTION  

 
Figure 12:  Micrographs of thin section of concrete in Core P-49 from the top exposed surface region showing: (a) 
carbonated surface region of concrete where paste shows characteristic golden-yellow interference color of 
carbonated paste; (b) quartzite gravel coarse aggregate and siliceous natural sand fine aggregate containing quartz, 
quartzite, feldspar, schist particles (middle row); and (c) residual Portland cement particles and large patchy calcium 
hydroxide crystal (one is shown with an arrow) of cement hydration in a porous paste in the bottom row.  
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Figure 13: Micrographs of thin section of concrete in Core P-49 from the interior of concrete showing: (a) many 
residual Portland cement particles indicating use of a rather coarsely ground Portland cement than the modern 
cement where spherical belite clusters with interstitial dark ferrite phase, and subhedral alite crystals within the 
residual cement particles are seen, along with (b) hydration products of cement as calcium-silicate-hydrate and 
patchy crystals of calcium hydroxide (some coarse patches are shown by arrows) that are all indicative of a porous 
paste.  
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COARSE AGGREGATE 

Coarse aggregate is variably strained quartzite gravel having a nominal maximum size of 3/4 in. (19 mm). Particles 

are rounded to subrounded, dense and hard, variably colored, massive coarse-grained crystalline granular textured, 

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

and well-distributed.  Despite the presence of strained quartz, which are known to be potentially alkali-silica 

reactive, there is no evidence of alkali-aggregate reactions of variably strained quartzite coarse aggregate particles 

in the core.  Coarse aggregate particles have been sound during their service in the concrete. 

FINE AGGREGATE 

Fine aggregate is natural siliceous sand having a nominal maximum size of 3/8 in. (9.5 mm).  Particles contain major 

amounts of quartz and quartzite, and subordinate amounts of feldspar, schist, etc. Particles are variably colored, 

rounded to subrounded to subangular, variably dense and hard, equidimensional to elongated, unaltered, uncoated, 

and uncracked.  Fine aggregate particles are well-graded and well-distributed.  There is no evidence of alkali-

aggregate reaction of fine aggregate particles.  Fine aggregate particles have been sound during their service. 

The following table summarizes properties of coarse and fine aggregates of concretes in the core: 

Properties and Compositions of Paste Core P-49 

Coarse Aggregate 

Types Gravel 

Nominal maximum size (in.) 3/4 in. (19 mm) 

Rock Types Quartzite 

Angularity, Density, Hardness, Color, 
Texture, Sphericity 

Rounded to subrounded, dense and hard, variably colored, massive 
coarse-grained crystalline granular textured, equidimensional to 
elongated 

Cracking, Alteration, Coating Unaltered, Uncoated, and Uncracked 

Grading & Distribution Well-graded and well distributed 

Soundness Sound 

Alkali-Aggregate Reactivity None 

Fine Aggregate 

Types Natural siliceous sand 

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

Rock Types 
Major amounts of quartz and quartzite, and subordinate amounts of 
feldspar, schist, etc. 

Cracking, Alteration, Coating 
Variably colored, rounded to subrounded to subangular, dense and hard, 
equidimensional to elongated, unaltered, uncoated, and uncracked 

Grading & Distribution Well-graded and Well-distributed 

Soundness Sound 



 CONSTRUCTION MATERIALS CONSULTANTS, INC.  

Concrete From An Underground Tunnel In A Marine Environment, Playland Park, Rye, New York 18 

 

Properties and Compositions of Paste Core P-49 

Alkali-Aggregate Reactivity None 
Table 1: Properties of coarse and fine aggregates of concrete in Core P-49. 

PASTE 

Properties and compositions of hardened cement paste are Portland cement based and are summarized in Table 2.  

Paste is light gray in the interior with slightly beige discoloration at the top 5 to 10 mm due to atmospheric 

carbonation, dense and hard; freshly fractured surfaces have subvitreous lusters and subconchoidal textures.  

Residual and relict Portland cement particles are present and estimated to constitute 6 to 10 percent of the paste 

volumes.  Residual cement particles indicate a rather coarsely ground Portland cement than the modern cement, 

which is consistent with its reported construction in 1927. There is no evidence of use of any fly ash, slag, or silica 

fume type pozzolanic or cementitious admixture. Hydration of Portland cement is normal.   

Properties and Compositions of Paste Core P-49 

Color, Hardness, Porosity, Luster 
Light gray in the interior with slightly beige discoloration at the top 25 mm 
due to atmospheric carbonation; moderately dense and hard; freshly 
fractured surfaces have subvitreous lusters and subconchoidal textures 

Residual Portland Cement Particles Normal, 6 to 10 percent by paste volume 

Calcium hydroxide from cement 
hydration 

Normal, 10 to 14 percent by paste volume 

Pozzolans, Slag, etc. None 

Water-cementitious materials ratio 
(w/cm), estimated 

0.50 to 0.55, uniform throughout the depth  

Cementitious materials contents, 
estimated (equivalent to bags of 
Portland cement per cubic yard) 

6 to 61/2  

Secondary Deposits Secondary calcium carbonation and ettringite lining the air voids  

Depth of Carbonation, mm 25 mm 

Microcracking A few shrinkage-related microcracks 

Aggregate-paste Bond Moderately tight 

Bleeding, Tempering None 

Chemical deterioration  None 
Table 2:  Proportions and compositions of hardened cement paste in Core P-49. 

Textural and compositional features of the paste are indicative of a Portland cement content estimated to be 6 to 

61/2 bags per cubic yard.  The core has an estimated water-cement ratio (w/c) uniform throughout the interior body 

and estimated to be from 0.50 to 0.55. Depth of carbonation is 25 mm. Bonds between the coarse and fine aggregate 

particles and paste are moderately tight.  There is no evidence of microcracking due to deleterious reactions. The 

overall quality and condition of the concrete in the body of the core is sound with no evidence of any physical or 

chemical deterioration.  The interior concrete is dense and well-consolidated. 
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AIR 

Air occurs as many coarse, near-spherical and irregularly shaped voids of sizes greater than 1 mm, which are 

characteristic of entrapped air. The concrete is found to be non-air-entrained having an air content estimated to be 

21/2 to 31/2 percent (Figures 9 and 10). 

 

COMPRESSIVE STRENGTH  

Core ID 
Length 

(in.) 
Diameter 

(in.) 
Area 

(sq. in.) 
Load 
(lbs.) 

Corrected Strength for 
psi 

P-45 3.76 3.48 9.51 56745 5190 

Table 3: Compressive strengths of core P-45.  

 

CHEMICAL ANALYSES OF WATER-SOLUBLE CHLORIDE AND SULFATE 

Table 3 summarizes results of water-soluble chloride, nitrate, and sulfate contents of concrete in three cores 

extracted from 1-in. and 2-in. depths from exposed surfaces of cores and measured by ion chromatography.   

Sample ID Location Percent by weight of concrete of water-soluble anions from Ion 
Chromatography 

Chloride Nitrate Sulfate 

P-47 
1 in. 0.183 0.008 0.055 

2 in.  0.209 0.004 0.244 

P-48 
1 in. 0.074 0.006 0.277 

2 in.  0.025 0.004 0.259 

P-49 
1 in. 0.171 0.006 0.540 

2 in.  0.117 0.005 0.232 

Table 4: Water-soluble anions and cations from the top, mid-depth, and bottom locations of cores determined from 
ion chromatography.  

Results of water-soluble chloride contents show significant ingress of chloride to at least depths of 2 in. from exposed 

ends, which is not uncommon for the proximity of concrete to the marine environment. Sulfate contents, however, 

are more indicative of sulfate from Portland cement in concrete than from external environment.   
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Figure 14: Water-soluble anions from 1 in. (top) and 2 in. (bottom) depths from the exposed end in Core P-47, as 
measured by ion chromatography.   
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Figure 15: Water-soluble anions from 1 in. (top) and 2 in. (bottom) depths from the exposed end in Core P-48, as 
measured by ion chromatography.   
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Figure 16: Water-soluble anions from 1 in. (top) and 2 in. (bottom) depths from the exposed end in Core P-49, as 
measured by ion chromatography.   
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DISCUSSIONS 

DURABILITY OF CONCRETE IN A MARINE ENVIRONMENT 

The concrete in the underground tunnel is determined to be non-air-entrained, and hence susceptible to damage 

related to cyclic freezing and thawing of a non-air-entrained concrete at critically saturated conditions. There is, 

however, no clear evidence of freezing-related cracking found in Core P-49, which was tested by petrography, 

except for some surface scaling issues, which can also be formed from freezing and thawing.  

The concrete contains quartzite gravel coarse aggregate having many strained quartz particles, which are known to 

be alkali-silica reactive and yet there is no evidence of such a reaction at least found in Core P-49. The estimated 

water-cement ratio of paste is higher than that commonly recommended for a durable concrete in a marine 

environment (e.g., found to be 0.50 to 0.55 as opposed to commonly-recommended maximum limit of 0.45) which 

is responsible for deeper ingress of chloride to a depth of at least 2 in. from the exposed surfaces of cores. Although 

not found in Core P-49, but due to deeper penetration of chloride, and almost 1 in. deep penetration of atmospheric 

carbonation, both chloride and carbonation-induced corrosion of steel in concrete is possible, where chloride-

induced corrosion can occur even at deeper level than 1 in. zone of carbonation found in Core P-49. If exposed, 

corroded reinforcing steel are found in the tunnel, then protective measures should be taken to mitigate chloride 

ingress as the present study confirmed at least 2 in. deep penetration of chloride from the beach.       

STRENGTH OF CONCRETE 

Compressive strength of concrete in Core P-45 is 5190 psi, which is more or less consistent with the properties and 

composition of concrete found in Core P-49.  

CONCLUSIONS 

Based on petrographic examinations, compressive strength test, and chemical analyses, of water-soluble chloride 

and sulfate contents of concrete, the underground tunnel is found to be present in a reasonably serviceable condition. 

There is, however, clear evidence of at least 2-in. deep penetration of chloride from the beach, and evidence of 

potential freezing-related cracking (from non-air-entrained nature), and corrosion of steel in concrete (from elevated 

chloride levels to at least 2-in. depth and 1-in. thick zone of carbonation).  Protection of the tunnel’s exposed wall 

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


