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1 Executive Summary  
The final rule on mine seals from The Mine Safety and Health Administration, (MSHA) 
dictates several considerations of design, requirements, and maintenance of these 
structures. Some of the MSHA approved mine seal designs are based on the use of 
cementitious materials.  To date, questions remain regarding the likelihood of macro-
fractures generation during the curing process of the cementitious materials and its effects 
on the integrity and structural behavior of the mine seals when subject to dynamic 
solicitations (explosions). This project was proposed to accomplish three objectives, 
coinciding with three consecutive stages. The objectives (and stages) initially proposed 
were: 

Objective I ɀ Mine seals inventory and macro-fracture generation assessment 
Objective II ɀ Structural and integrity assessment of the effects of macro-fractures on mine 
seals 
Objective III ɀ Proposal for alternative materials solutions 

The project was proposed and planned so that the results from a previous objective were 
used to decide on the continuation of the project. After analyzing the results from objective, 
I, where no macro-fractures were detected, it  was determined to end the project. This 
document is the compilation of the results and analysis of objective I and the conclusions 
that determined the non-continuation of the project. Objective I and all its respective tasks 
are included next: 

Objective I ɀ Mine seals inventory and macro-fracture generation assessment. This objective 
was divided into several tasks: 

¶ Task 1: To inventory and analyze, according to the MSHA database and other 
available data, the different mine seal designs approved and in use in industry, 

¶ Task 2: To construct representative samples of mine seals to collect information 
relevant to macro-fracture generation during the curing process (heat, strains) 
combined with available MSHA results, 

¶ Task 3: To identify and assess the characteristics and properties of the macro 
fractures generated during the curing process (location, geometry). 

For Task 1, it was expected that MSHA has a database with all the seals installed on 
underground coal mines in the USA. However, and after contacting different offices from 
MSHA, it was determined that such information is not readily available. This project team 
was able to develop some statistics based on proprietary informat ion from the companies 
that provide the materials and installation of those structures in underground coal mines. 
For Task 2, the project team poured fifteen (15) different r epresentative samples using 
materials and procedures from two companies that provide the materials and installation 
services of seals in the USA. This task collected information relevant to macro-fracture 
generation during the curing process, such as heat, strains, and other parameters. For Task 
3, Ground Penetrating Radar (GPR), Tracer Gases, and Acoustic Emission analyses were used 
with the aim of identify ing and assessing the characteristics and properties of the macro-
fractures, if any, generated during the curing process (location and geometry).  

The following framework was used for the interpretation of the results, and the justification 
about the non-continuation of the project: 
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Macro-fractures ɀ are defined as apertures in the material with a distance similar to or 
greater than the thickness of a piece of paper (>0.07 mm). 

Seal sample ɀ is defined as a cube with dimensions 4 x 4 x 4 ft. poured (a) following the 
standards (materials proportions and casting procedures) recommended by the provider of 
the materials for the construction of the seals (b) following a procedure to develop out of 
spec seals again based on a recommendation by the provider of the materials. 

The curing process ɀ is defined as the process for the cementitious material to attain its final 
strength. The mine seal material providers have recommendations regarding the 
environmental conditions to cure their products successfully. 

The conclusions after the completion of Objective I of this project are listed below: 
¶ This project team did not observe macro-fractures during the curing stage for seal 

samples constructed, after properly following the proportions and standard 
procedures developed by two companies (approved by MSHA) that provide 
materials for the construction of mine seals. 

¶ The importance of the constructability  and quality control during the initial pouring 
and curing behavior of mine seals were demonstrated by observing the different 
behaviors in strength, temperature, and strains for similar and different mixtures, as 
well as similar and different construction methods. This is highlighted as a 
significant factor that may affect the integrity and performance of these seals at the 
early stages and their life cycle when in use. 

¶ After using visual inspection, Tracer Gases, GPR, and Acoustic Emission systems, it 
was concluded that the adequately constructed and cured seal samples for this 
project did not exhibit any visually or otherwise detected macro-fractures. 

 

As the project team did not find macro-fractures in any of the samples, the project was 
terminated after completion of Objective I.  
 
Some of the analyses in this report to assess the likelihood of macro fractures generation 
during the curing process were based on parameters, variables, and theories developed on 
the research of the hydration process of traditional cement and concrete. However, it should 
be noted that the rigorous study of the hydration process of materials used for mine seals is 
a research topic that was beyond the scope of this project. Because of this, the analysis of the 
strength behavior and the stresses calculated for the samples should be taken with caution 
and may not reflect the actual behavior of the seals.   
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2 Problem Statement and Objectives 
 
4ÈÅ -ÉÎÅ 3ÁÆÅÔÙ ÁÎÄ (ÅÁÌÔÈ !ÄÍÉÎÉÓÔÒÁÔÉÏÎȭÓȟ ɉMSHA), final rule on mine seals dictates 
several considerations of design, requirements, and maintenance of these structures. 
However, questions remain regarding the likelihood of the generation of macro-fractures 
during the curing process and its effects on the integrity and structural behavior of the mine 
seals. The proposed research addressed those questions through testing and parametric 
analysis. This final report is the compilation of all reports and includes all the work and 
information regarding Objective I of the respective tasks. 
 
Objective I ɀ Mine seals inventory and fracture generation assessment. This objective was 
divided into several tasks listed below: 

 Task 1: Inventory and analyze, according to the MSHA database and other available 
data, the different mine seal designs approved and in use in industry, 

 Task 2: Construct representative samples of mine seals to collect information 
relevant to fracture generation during the curing process (heat, strains, and other 
parameters) combined with available MSHA results, 

 Task 3: Identify and assess the characteristics and properties of the macro-fractures 
generated during the curing process (location, geometry). 

 

3 Research Approach 
 

3.1 Task 1.1- MSHA database compilation and analysis 
In this task of the proposal, the intent was to collect and review all informational data from 
the MSHA database. The idea was to collect information focusing on the type of mine seal, 
materials, analyses, and construction procedures. Other aspects like quality control during 
the implementation of the seals and any other available information of the operation after 
the construction and relative to the project were to be documented. This task was expected 
to establish the statistics of the type of mine seals (plug design and flexural, others). Other 
relevant information to the project, such as heating data, macro-fracture generation, 
chemical reaction properties, etc., were to be collected in this task. 
 
Development of Task 1.1 
The project team attempted to reach MSHA in order to acquire the data. Discussions with 
MSHA representatives indicated that MSHA does not keep an accessible inventory or 
database of installed seals. MSHA does, however, keep on file seal approvals for each mine, 
yet the file information cannot be easily manipulated to obtain quantity and type of seals. 
MSHA representatives provided a link to available seal approval information on the MSHA 
webpage. The link to the current MSHA webpage containing approved seal information is 
shown below: 
 

https://arlweb.msha.gov/Seals/SealsSingleSource2007.asp 
 
 

https://arlweb.msha.gov/Seals/SealsSingleSource2007.asp
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The following is a list of the information available through the above link. 
 

a) MSHA Mine Seal Requirements, 
b) MSHA Guidelines for Completing the Seal Design Approval Application - 30 CFR § 

75.335(b), 
c) Approved Seals under the Final Rule, 

I. Approved Seals Designed to Withstand an Overpressure of 50 psi 
II. Approved Seals Designed to Withstand an Overpressure of 120 psi 
III. Seals Designed to Withstand an Overpressure > 120 psi, 

d) Mine Inerting Information (gases), 
e) Regulatory History of the Seals Rule. 

 

It is evident that the above list does not include any information or statistics regarding mine 
seals such as: 
Ɇ The number of installed seals and their type (plug, flexural, etc.) 
Ɇ Construction materials (regular concrete, bricks, resins, etc.) 
Ɇ Calculations, 
Ɇ Construction procedures (quality control procedures, heating data) 
Ɇ Other, i.e., macro fracture generation, chemical reaction properties, etc. 
 
A first attempt to contact MSHA was through the office of Mine Emergency Operations. The 
following is the response from that MSHA office. 
 
Ȱ)Î ÒÅÓÐÏÎÓÅ ÔÏ ÙÏÕÒ ÉÎÑÕÉÒÙȟ -3(! 4ÅÃÈÎÉÃÁÌ Support does not track the number or types of 
seals installed in U.S. coal mines.  I recommend contacting MSHA Headquarters for statistics on 
seal installations. Calculations relative to seal designs remain the confidential intellectual 
property of the developer. Construction procedures are contained in the installation guidelines 
for each seal design. The installation guidelines are on the Seals Single Source page of the MSHA 
×ÅÂÓÉÔÅȟ ×ÈÉÃÈ ÙÏÕ ÒÅÆÅÒÅÎÃÅ ÉÎ ÙÏÕÒ ÍÅÓÓÁÇÅȢ ) ÈÏÐÅ ÔÈÉÓ ÉÎÆÏÒÍÁÔÉÏÎ ÈÅÌÐÓȢȱ 
 
Following the recommendation in the response quoted above, the team contacted the MSHA 
Directorate of Technical Support. The response from that office is included below: 
 
Ȱ!ÆÔÅÒ ÏÕÒ ÃÁÌÌȟ ) ÔÁÌËÅÄ ×ÉÔÈ ÍÕÌÔÉÐÌÅ ÐÅÏÐÌÅ ÉÎ 4ÅÃÈÎÉÃÁÌ 3ÕÐÐÏÒÔ ÁÎÄ %ÎÆÏÒÃÅÍÅÎÔ ÔÏ see if this 
information was out there anywhere or easy to get. We do not keep the information.  A mine 
operator would file a supplement to the ventilation plan with the District to build seals, but this 
generally would not remain in the ventilation plan after the mine constructs them.  On top of 
that, if the new seals enclose old seals, then this is not tracked either.  The number and type of 
ÓÅÁÌÓ ÉÓ ÎÏÔ ÉÎÆÏÒÍÁÔÉÏÎ ÔÈÁÔ ×Å ËÅÅÐȢȱ 
 
In conclusion, the information expected from MSHA in Task 1.1 regarding the amount and 
type of mine seals installed in the USA underground coal mines is not readily available.  
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According to available information by MSHA, six companies provide or have approved seals 
to withstand 50 and 120 psi overpressure. These companies are: 

 Strata Mine Services (SMS), 
 Minova (M), 
 Micon (Mc), 
 JennChem (JC), 
 BHP Billiton (BHP) and, 
 Precision Mine Repair (PMR).  

 
Figure 3.1 shows the number of approved seals by each company for the two design 
overpressures after reviewing the available information. 
 

 
Figure 3.1 The number of approved seals by a company and by design overpressure 

As seen in Figure 3.1, the number of approved plug seals is greater than the number of 
flexural seals. The total number of plug seals is 15 compared to a total of 10 flexural seals. 
The company with more approved seals designs is Micon, with seven (7) approved seal 
types. Minova and Strata Mine Services have the same number of approved seals, four (4). 
Finally, there are 18 approved seals that can withstand 120 psi overpressure and only seven 
(7) seals that can withstand 50 psi overpressure. 
 
Table 3.1 includes a summary of the material type used by each company and the main 
components of the mixture. 
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Table 3.1 Material type and components of the mixture 

Manufacturer  Material  Components 

BHP Billiton Portland Cement Concrete 
3,000 psi minimum compressive 
strength Portland cement concrete  

JennChem 
J-Seal 410 psi avg. product 
1 Day J-Seal 450 psi avg. product 

Micon 

HybriBond &70 
Solid concrete masonry unit blocks 
(cmu), HybriCrete blocks, #57 stone, 
Micon 70, & HybriBond polymers. 

HybriBond & SIGNUM 

Solid concrete masonry unit blocks 
(cmu), #57 stone or pea gravel, 
SIGNUM & HybriBond polymers, 
untreated wood wedges, fibrous filler 
chinking material/open cell backer-
rod. 

HybriBond & PU37A 

Solid concrete masonry unit blocks 
(cmu), HybriCrete blocks, #57 stone or 
pea gravel, PU37A, & HybriBond 
polymers. 

Minova Tekseal® 415 psi minimum compressive 
strength, product. 

Precision Mine 
Repair 

Shotcrete 
Portland cement (25%) and sand 
(75%), deformed steel reinforcement 
bar, wire mesh. 

Strata Mine 
Services 

Medium Strength 
Stratacrete®  

3,000 psi uniaxial compression test 
product, 115 psi minimum shear 
strength, plasticizer (Portland, fly ash, 
water, and sand) 

High Strength Stratacrete® 
4,000 psi product, deformed steel 
reinforcement bar. 

 
The following is a summary of quality control or testing procedures before and/or after seal 
construction as indicated in the approval documents: 

 The site should be prepared, and surrounding strata should be reviewed 
 A mix water temperature is recommended in some approval plans 
 Material storage is specified in some approval plans  
 A test for water compatibility is recommended for some in some approval plans 
 A recommendation for collection of samples for uniaxial compressive strength is 

specified in some approval plans  
 Some approval plans recommend following specific standards from the American 

Society for Testing and Materials (ASTM); standards pertain to concrete, cellular 
materials and expanded plastics. 
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Appendix I includes detailed information on each approved seal and the testing included as 
quality control. It is important to note that none of the approved seals recommend heating 
or thermal testing as part of the construction procedures. 
 
As mentioned before, MSHA does not record the number or type of installed seals, so 
approved seals manufacturers have been contacted directly. The information presented in 
Table 3.2 has been acquired by contacting the respective seals manufacturers (in no specific 
order). 
 
Table 3.2 Total seals pumped per company as of Jan 2021  

Company Total Seals Plug Seals Rebar Seals Comments 
JennChem 
 

2,948   This includes all 
JennChem approved seals 
(five). According to the 
information, the number 
of 50 psi seals is less than 
50. 
 

Strata Mine 
Services 
 

850 500 350 This includes all the 
Precision Mine Repair 
seals installed since 
Strata acquired that 
company. 
 

BHP Billiton 
(Westmoreland) 

704 704  Total remaining in 
service 226; Flexural 
seals: 0 

Minova 12,744   Total seals between 50 
psi and 120 psi, plug 
seals. 

Micon 5,000   4,000 installed seals for 
120 psi overpressure. 
1,000 installed seals for 
50 psi overpressure. 
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3.2 Task 1.2 - Mine seal-sample preparation 
The project team completed wood forms for casting the seal samples. The selected 
dimensions for the seal samples are 4 x 4 x 4 ft. Fifteen (15) samples were cast with different 
ratios and mixtures from two suppliers of these products. Company 1 ÐÒÏÖÉÄÅÓ Á ȰTwo-
Component Pumpable SealȱȢ 7ÈÉÌÅ Company 2 ÐÒÏÖÉÄÅÓ Á ÔÙÐÉÃÁÌ Ȱ0ÏÒÔÌÁÎÄ #ÅÍÅÎÔ Ⱦ &ÌÙ-ash 
/ Aggregate / Sand Seal.  Table 3.3 summarizes the Seal, Sample Type, Supplier, and Mixture 
Description, used in the specific mixtures.  
 
Table 3.3 Seal Sample Type ɀ Supplier & Mixture Description 

Sample 
Type 

No of 
Samples Supplier Mixture Description (Specification)  

Mixture A 
(Pumpable) 4 Company 1 

Standard (Within Spec) Mix Ratio of Supplier (pumped using 
pump provided by the manufacturer) 

Mixture B 
(Pumpable) 4 Company 1 

Out of Specification Mix Ratio of Supplier (pumped using pump 
provided by the manufacturer) 

Mixture C 
(Concrete) 4 Company 2 Standard (Within Spec) Mix Ratio of Supplier (Concrete Truck) 

Mixture A 
(Pumpable) 1 Company 1 Standard (Within Spec) Mix Ratio of Supplier (poured manually) 

Mixture D 
(Pumpable) 1 Company 1 Out of Specification Mix Ratio of Supplier (poured manually) 

Mixture E 
(Concrete) 1 Company 2 

Out of Specification Mix Ratio (Manual Pouring & Aggregates 
removed)  

 
 
Figure 3.2 shows a picture of the forms prepared in the Mining Department for casting the  
seals. 
 

 
Figure 3.2 Forms for mine seal samples 

 
Various water/powder ratios , not all approved by the MSHA, and not all used in the mine 
installations were selected. The main idea was to use a standard, specified ratio commonly 
used by the manufacturer and a non-specified, out-of-specification standard that could 
increase the likelihood of crack generation.  
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In all cases where a non-standard specification was used, a higher powder to water ratio was 
used with the Company 1 samples and in the case of the Company 2 a higher cement content 
was used, and the aggregates were removed for Mixture E.  
 
The first eight samples were poured in February 2021, and they were built using materials 
and methods provided by Company 1. These eight samples correspond to two mix designs 
(four samples per design). Another four samples were poured in April 2021 using materials 
and methods provided by Company 2; these correspond to one mix design.  
 
Three samples were poured with a non-conventional manual pouring method in June 2021, 
two based on materials supplied by Company 1 and one based on materials supplied by 
Company 2. As per Table 3.3, the repeat sample for Mixture A was the only sample out of the 
three that was within a supplier, specified standard mix.   
 
The three additional samples correspond to one sample with a standard powder/water ratio, 
one sample with an out-of-specification powder/water ratio from Company 1, (pumpable 
seal material), and one 4x4x2 ft sample (out of specification in mix and dimensions), 
compared to other samples of 4x4x4 ft with non-standard material proportions from 
Company 2. The additional standard sample from Company 1, was constructed because the 
strain gauge system did not work for the original sample that was cast in early 2021 due to 
a technical failure; hence the team could not collect strain information for that sample.  
 
The two (2) out-of-specification samples were constructed with the intention to generate 
macro-fractures during the curing process. A particular consideration for the three final 
samples is that the pouring was done manually, given that it was not possible to mobilize all 
the support equipment to pour the samples from Company 1, and the amount of material 
required for the sample, using material from Company 2, was not commercially available 
(the concrete companies only sell a minimum one truck of concrete). Seal construction 
should be tightly controlled in terms of mixture specifications. The change in the 
specification was not extreme mixes as constructability issues can occur in practice and in a 
mine and therefore the test to investigate the results of these changes to the mixes. All the 
mixes and samples still achieved the required strength requirements once tested in the 
laboratory for uniaxial compression strength.  
 
As mentioned initially, the project team finally cast in total fifteen (15) seal samples: fourteen 
(14) (4x4x4 ft) and one (1) 4x4x2 ft sample. In total, around thirty-seven (37) cubic yards of 
material were poured using the products from the two companies supporting the project.  
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3.3 Task 1.3- Mine seals-data collection during curing 
 
Seal Sample instrumentation was designed for two purposes: a) to record the changes in 
variables that can be related to the generation of macro-fractures, and b) to assess the 
likelihood of the presence of macro-fractures in the samples. The description of the 
instrumentation is included next.      
 

a. Thermocouples 
The internal heat in the samples due to the curing process was measured in several locations. 
The instrumentation used consisted of MadgeTech Software and Hardware as the data 
acquisition system and TJ180-CASS-18G-6 thermocouple sensors from Omega embedded in 
the concrete during the pouring of test samples. Figure 3.3 shows the data loggers and the 
thermocouple sensors used. 
 

 
 

a) Data logger (MadgeTech) 
 

 
b) Omega thermocouple 

Figure 3.3 System to measure the internal heat of the samples during the curing process 

 
The data was collected using a sampling rate of 1 reading every minute. 
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b. Embedded Strain gauges 

 
The use of concrete-embedded strain gauges is common in civil engineering applications. It 
allows measuring mainly the expansion and or shrinkage of the concrete during the curing 
process. The application of this technology in this project aimed to find a relationship 
between the changes in the internal temperature, the values and rate of strain changes, and 
the potential presence of micro and especially macro-fractures. With this in mind, the Strain 
Smart Model 8000 Software, and Hardware from Micro-Measurements was used for data 
collection. Also, the EGP-5-350 Embedment Gauges from the same company were used as 
sensors. Figure 3.4 shows the data collector and the sensors used for strain measurements. 
 
 

 
Figure 3.4 System to measure strains of the samples during the curing process 

        
Model 8000-8-SM (Figure 3.4a) is a versatile, precision data acquisition instrument intended 

for static and dynamic test and measurement applications. Model 8000-8-SM has eight (8) 

channels of data acquisition. Each channel was configured, via software, to input signals from 
the seven (7) off strain gauges per box. The strain gauge channels accepted full, half, or 

quarter-bridge configurations, and for this specific application, 350-ohm bridges were used. 

Model 8000-8-SM communicated with a pre-installed personal computer (laptop) via an 

Ethernet connection.  
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The data was collected using a sampling rate of 5 readings every minute for both Mixture A, 
Mixture B, Mixture D and Mixture E.  
 
The strain data for Mixture C were collected using a sampling rate of 600 readings every 
minute up to day 5 of curing. After the 5 days, the sampling rate was then reduced to 5 
readings every minute. 
 

c. Tracer Gases 
Two tracer gases in two passive sources were embedded in each of the three seal samples, 
Perfluoromethylcyclohexane (PMCH) and Perfluoromethylcyclopentane (PMCP). One 
source was embedded at the centroid of the samples, and the other centered at a depth of 12 
inches from the top surface. The location of each of the sources was recorded as well as the 
type of gas it contained for each sample (Figure 3.5). 
 
Each source contained 6 ml of either PMCH or PMCP capped with a fluoroelastomer plug and 
was labeled for identification prior to installation. PMCH is non-toxic, and PMCP is an oral 
irritant, toxic if swallowed (liquid form). The passive source containment was designed with 
a protective covering for handling while embedding the sources, and to provide a barrier 
between the source container and the uncured seal material.  The gases are expected to elute 
even if the seal material directly contacts the fluoroelastomer plug. The elution rates are 
temperature sensitive, but the underground mine environment was expected to maintain a 
relatively constant temperature range during the proposed sampling period. 
 

 
Figure 3.5 Tracer gas collection network and source location in seal material samples 

 
The gas sampling process places a small amount of pressure on the material, but it is not 
problematic since this differential is far less than expected for in situ seals. Sampling 
required connecting a vacuum pump to the sampling port extending from the formwork 
using flexible tubing (equipped with a valve). The discharge/exhaust port on the pump was 
then connected to a TEDLAR® sample bag also equipped with an isolation valve (Figure 3.6). 
Sample bags were filled to capacity by the pump, and then the valves on each end of the 
system were closed.  
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Each gas sample bag was labeled with the date, seal material sample, and sampling port 
location and then filled during the prescribed schedule. Some minor dilution from the 
atmosphere is expected, but just the presence of the tracer and large magnitude changes with 
time was the focus rather than the ppm level accuracy with each sample.  
 

 
Figure 3.6 Vacuum pump system, sampling ports, and TEDLAR® gas sample bag 

 
Table 3.4 provides the frequency and schedule of collecting gas samples from each of the seal 
material samples equipped with the Tracer Gas sampling apparatus.  
 

Table 3.4 Tracer Gas Sampling Schedule 

Sample 
Schedule 

Frequency  

1 2 days from casting seal material sample 
2 Daily samples from day 2 until day 12 
3 Weekly samples from day 13 until day 28 
4 Monthly samples after day 28 

 
Once the sampling schedule was completed for the first phase of the seal material testing, 
the gas samples were analyzed using a gas chromatograph (GC).  The GC analysis focused on 
sensing the two different types of tracer gases embedded in the seal material and sudden 
spikes or upward trends on gas content.  
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d. Acoustic Emission System 
It has been demonstrated in the literature that when materials are cracking, deforming, or 
suffering damage, the release of energy can produce sound signals. Acoustic Emission 

detection systems (AE) to capture such sounds can help identify the generation of cracks or 

fractures. Several events can generate AE: 

 The dislocation movement(s) are caused by plastic deformation or yielding. 

 The formation and extension of cracks in an object under stress 
 Thermal stresses 

 Cracking during cooldown 

 Stress build-up 

 Twinning, a form of crystalline distortion 

 Debonding 

 

With the aim of correlating parameters such as generated heating, shrinkage, and the 
generation of fractures, an Acoustic Emission System (AE) from Mistras Group Inc. was 

installed on two samples (Mixture C and Mixture D). The data acquisition module is 

composed of a MicroSHM system Node. This system is a 4-channel Acoustic Emission digital 

signal conditioner with a full set of AEs hit and time-based features, including waveforms. 
Through the Ethernet Connector, the system is easily interfaced to a notebook or PC running 

a Windows operating system (Win7, Win10, etc.ɊȢ )Ô ÃÏÍÅÓ ÅÑÕÉÐÐÅÄ ×ÉÔÈ ÔÈÅ !%×ÉÎΆ 

software. The MicroSHM has two wireless communication options: 3G wireless or Wi-Fi. In 

the current application, the ethernet option is being used. The MicroSHM can accept single-
ended/differential sensors amplified by an internal low noise preamplifier. Additionally, PK 

Series low power integral preamp sensors can be used with this system. 

 

Four (4) sensors were used for the test. Two are model PK3I sensors, which are low power 

sensors, 30 kHz with an integral preamplifier, and an SMA connector. The other two are 
model Generic 30 sensors, which are low power, 4.5 kHz, 26 dB preamplifier and BNCR 

connector. Figure 3.7 shows the AE system used in the project. 

 

 
Figure 3.7 System to collect AE data of the samples during the curing process 
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Figure 3.8 shows the thermocouples and the embedded strain gauges used on specific 
samples.  

 
Figure 3.8 Instrumentation to collect data during curing 

 
As seen in Table 3.5, various, different types of instrumentation were installed in each 
sample. The control samples do not have any instrumentation in at all; data from these 
samples can be used to investigate whether the presence of sensors can create fractures in 
their proximity.  
 
The aim of pouring samples without any instrumentation (besides the tracer gas capsules) 
×ÁÓ ÔÏ ÍÅÁÓÕÒÅ ÔÈÅ ÉÎÓÔÒÕÍÅÎÔÁÔÉÏÎȭÓ ÉÎÆÌÕÅÎÃÅ ÏÎ ÐÏÓÓÉÂÌÅ ÃÒÁÃË ÇÅÎÅÒÁÔÉÏÎ ÕÓÉÎÇ ÇÒÏÕÎÄ-
penetrating radar (GPR). Table 3.5 summarizes the instrumentation embedded in the seal 
samples used for the research.  
 
 
Table 3.5 Instrumentation Embedded in Seal Samples 

Sample Type 
Number of 

Samples 
Instrumentation Included & Data Collected  

Mixture A 4 Thermocouples, Tracer Gas, Control Sample *2 

Mixture B 4 Strain Gauges, Thermocouples, Tracer Gas, Control Sample 

Mixture C 4 Strain Gauges, Thermocouples, Tracer Gas, Acoustic Emission 

Mixture A 

(Repeat) 

1 Strain Gauges, Thermocouples 

Mixture D 1 Strain Gauges, Thermocouples, Acoustic Emission 

Mixture E 1 Strain Gauges, Thermocouples 

 
 

a) Strain gauges  b) Thermocouples 
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Given that all samples (besides sample 15) have the same dimensions, it was decided to 
install the instrumentation in the same locations in the representative samples 1 and 2 for 
specific mixtures. The objective of this distribution was to find any relationship between heat 
and strain during the curing process. Figure 3.9 shows the locations selected for the 
installation of the instrumentation. 
 

 
Figure 3.9 Location of the instrumentation in applicable samples 

The specific locations (corner, center, and side) were selected to investigate the influence of 
the number of free faces for heat exchange in the measured parameters of the curing process, 
such as heat and strains. Figure 3.10 shows the arrangement of strain gauges and 
thermocouples before pouring the mine seals mixture. 
 

         
 
Figure 3.10 Strain gauges and thermocouple sensors before pouring the mine seal mixture  
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One sample for Mixture A, Mixture B, and Mixture C included tracer gases. Figure 3.11 shows 
the preparation of the tracer gas collection network prior to pouring the mine seal mixtures. 
 

 
Figure 3.11 Sample preparation to monitor tracer gases 

 
The Acoustic Emission system was not available since the beginning of the project, and it was  
installed on the control samples of Mixture C and D poured in June.  
Figure 3.12 shows the installation of the AE system in the control sample for Mixture C. 
 

 
 
Figure 3.12 Acoustic Emission system in control sample Mixture C 

 
                                                                 
 
 
 

a) Schematic  b) Sensor Location 
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As mentioned before, three final samples were poured after May. The same instrumentation 
setup that was presented earlier was used for these samples as well. However, as only two 
out of spec samples were available, all the instrumentation to collect both temperature and 
strain was installed in the same sample. This is different compared to the original samples, 
where each sample featured only one type of instrumentation. 
 
The instrumentation for both temperature and strain were installed together in the same 
sample. Figure 3.13 and Figure 3.14 show the instrumentation location for the additional 
samples poured after May. 
 

 
Figure 3.13 Instrumentation location for an additional sample of mixture D (Company 1) 
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Figure 3.14 Instrumentation location for additional sample of mixture E (Company 2) 

 
The acoustic emission (AE) system was installed on the standard sample from Company 2 
(Mixture C) and on the sample out of the specification of Company 1 (Mixture D). With this, 
the project team collected AE data from both types of materials used in these tests. Figure 
3.15 shows the installation of the AE sensors. 
 

 
 
Figure 3.15 AE system installation setup in the samples for both Mixture C (Company 2) and Mixture D (Company 1) 

In addition to pouring samples out of specifications to promote macro-fractures, the wooden 
forms were removed the second day after casting. This was done in order to accelerate the 
drying process and thus increase the rate of change in temperature in the samples. 
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3.4 Task 1.3- Mine seals-samples pouring procedures 
Five different mixtures were used to cast fifteen (15) samples for this project. The mixtures 
used were based on materials and methods provided by two companies that commercially 
provide mine seals for underground coal mines in the US. Between the two companies, there 
are more than 13,000 mine seals installed. The following sections include a description of 
the pouring procedures of the different mixtures. 

Mixture A and B 

Company 1 provided the material for Mixtures A, B and D. One particular consideration was 
that the mine seals installed by this company included all the mine seal materials, the mixing 
equipment, supervision, and specific procedures had to be followed for each pour. 
Additionally, it is essential to keep the moisture of the material once it is poured in the form. 
The following figures show the different stages in the construction of the samples using 
Mixtures A and B. 
 

a. Mixture material 
The material for the mixtures is in the form of powder in bags. Figure 3.16 shows all the 
materials used to cast the samples. 
 

        
 
Figure 3.16 Bags of material for the preparation of the Mixtures A and B 

 
b. Mixer, Pump, and auxiliary equipment 

This mixture requires the use of specific equipment. The following is a list of additional 
materials and equipment used for the samples: 

 A water tank of 2,500 gallons, 
 Power generator (480 volt and 250 amp), 
 Water heater, 
 Mixer and Pump. 
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Figure 3.17 shows the equipment used during the pouring of the samples.  
 

 
Figure 3.17 Equipment used during pouring of mixtures A and B 

 
Once the material was mixed, it was pumped into the forms. As mentioned before, Mixture A 
followed the regular specifications used by the company, while Mixture B corresponded to 
ÁÎ ȰÏÕÔ ÏÆ ÓÐÅÃÉÆÉÃÁÔÉÏÎȱ ÍÉØÔÕÒÅȢ 4ÈÅ ÍÉØÔÕÒÅ ÄÅÖÅÌÏÐÅÄ ÂÙ Company 1 controls the time to 
achieve a pre-determined compressive strength based on the powder to water ratio. If 
mixture A is considered as the standard, Mixture B was done using 1.25 times more powder 
than mixture A, to the same water ratio. In that case, it was expected for Mixture B to have 
higher temperatures on the samples, reach the pre-determined compressive strength faster, 
and most likely generate more cracks (micro and macro) than Mixture A.  
 
 
 
 
 




























































































































































































































































