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User Manual 

Introduction  
 

This manual describes use of a new hybrid autonomous crack and structural response 

monitoring (ACSM) system. It is designed as a low cost alternative to the research grade version 

ŜƳǇƭƻȅƛƴƎ {ha!¢Ωǎ Ŝ5!v Řŀǘŀ ǊŜŎƻǊŘƛƴƎ ǎȅǎǘŜƳΦ ¢ƘŜ ŎƻƴŎŜǇǘ ƛǎ ǘƻ ŎƻƳōƛƴŜ ŀ ƴŜǿ ŦƛŜƭŘ ǇƻǊǘŀōƭŜΣ нп 

bit, 12 channel seismograph with a compliance seismograph. The 24 bit seismograph monitors the crack 

and structural response, while the compliance seismograph monitors ground motions and air over 

pressures. While this manual specifically describes use of a Kelunji EchoPro 24 bit seismograph linked 

with a LARCOR compliance seismograph, other compliance seismograph could be employed with the 

system with a minimum of effort.      

As configured the Kelunji EchoPro (KEP) recorder can monitor autonomously monitor crack and 

structural response in a wide range of field configurations. Cost and simplicity were the main priorities 

for design of the hybrid system. The full installation, illustrated in Figure 1 includes structural response 

velocity and crack sensors, a LARCOR compliance seismograph with a trigger connection, connector 

boxes, and the KEP unit. The KEP and connector boxes organized in a field container are shown in Figure 

2. Data collected with the device can be manipulated and visually communicated quickly and effectively 

with excel-based scripts and templates developed specifically for use with the KEP. 

 

 

 

Figure 1: Components of the hybrid autonomous crack & structural monitoring (ACSM) system 



The hybrid ACSM system monitors both long term movements of the cracks and responses to 

transient events both within and outside of the structure. Data files are saved locally to a USB storage 

device with in the KEP.  The system can autonomously record for long time periods with monthly 

replacements of the memory device. This month long storage potential matches typical site inspection 

periods and storage potentials of compliance seismographs.  

The system is accompanied by a dedicated net book computer to manipulate the raw data and 

produce graphical reports in a semi-autonomous fashion. This net book computer replaces some of the 

functionality of the back-end central computer employed in the research grade autonomous monitoring 

systems employed by the Infrastructure Technology Institute at Northwestern University. The entire 

configuration, KEP, sensors, compliance seismograph, and net book are meant to operate as a system. 

Thus a good deal of this manual is devoted to use of the dedicated software in the netbook portion of 

the system. 

 The purpose of this user manual is to explain the necessary steps to deploy the Kelunji EchoPro 

in the field. Physical aspects of installation, operation of the hybrid system, and graphical report 

generation are described in this manual. Not includes are specific steps in manufacturing specific 

components or other more technical discussions. Following the instructions allows the operation of the 

full hybrid system as well as the production of graphical reports that compare long term and transient 

crack response.  

 

 

Figure 2: KEP and connector boxes in field container 



 This user manual is divided into specific sections, each detailing a particular aspect of the 

installation or operation of the system. The installation of the system includes KEP Setup, Sensor 

Installation, LARCOR Compliance Seismograph Setup, Integration of the Compliance Seismograph, and 

Sensor Wiring. The EchoPro Analysis and Generating Output Reports sections discuss the data analysis 

and the important features of an output report. Appendices include more details about the individual 

system components, scripts and templates, system setup, and other considerations. 

  



Kelunji EchoPro Setup  
 

Powering 

 Power for the Kelunji EchoPro recorder is supplied by a 12V DC battery or a regulated 12V DC 

power supply. For the first option, it is important to replace or recharge the battery when it runs low. 

For the second option, the regulated power supply can be plugged into an active electric outlet. More 

information on powering the unit can be found in Appendix A or the Kelunji EchoPro user manual. 

Connector Boxes 

 The next step in preparing the EchoPro is to attach the two connector boxes. These are shown 

on the left and right side of Figure 4. Each box is labeled by its channel numbers and its corresponding 

Kelunji ports (A, B, C, D) as described in appendices A and B. These ports are located in the front right, 

back right, back left, and front left respectively. To connect the boxes, the two bayonet cables from each 

Ƴǳǎǘ ōŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ŎƻǊǊŜŎǘ ǇƻǊǘ ƻƴ ǘƘŜ 9ŎƘƻtǊƻ ǊŜŎƻǊŘŜǊΦ tƻǊǘǎ ά!έ ŀƴŘ ά.έ ŀǊŜ ŀǘǘŀŎƘŜŘ ǘƻ ǘƘŜ 

powered connector box, which transmits sensor channels one through six. LVDTs are connected to these 

ŎƘŀƴƴŜƭǎΦ tƻǊǘǎ ά/έ ŀƴŘ ά5έ ŀǊŜ ŀǘǘŀŎƘŜŘ ǘƻ ǘƘŜ ǳƴǇƻǿŜǊŜŘ ōƻȄΣ ǿƘƛŎƘ ǘǊŀƴǎƳƛǘǎ ǎŜƴǎƻǊ ŎƘŀƴƴŜƭǎ ǎŜǾen 

through twelve. Geophones and an external trigger can be connected to these channels. These 

connectors and connections are described in detail in Appendix B. 

System Storage 

 In the field, it is important for the system to be housed in a secure location as shown in Figure 3 

through Figure 5. For a previous deployment, a plastic bin about three feet long, one and a half feet 

wide, and two feet tall was utilized. To help organize the bin, the connector boxes should be adhered to 

the sides with double-sided Velcro tape or another viable method after being connected to the EchoPro 

recorder. Also, a slot should be cut out of the back for the sensor wires to enter the bin. Place the 12V 

regulated power supply or battery on the opposite end of the bin, along with any other necessary 

system components. Figure 3 through Figure 5 below show the system fully connected and organized 

within the storage bin 

 



 

 

 

 
Figure 3: EchoPro Storage Bin ς Open 

 

 
Figure 4: EchoPro Storage Bin - Close-up

 

 

 

 

 

Figure 5: EchoPro Storage Bin - Closed
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Data Storage 

 The Kelunji EchoPro recorder requires an external source of data storage. It can be archived 

externally with an internet connection or saved to a local USB memory device. The simplest method is to 

use a flash (thumb) drive with a large amount of storage capacity.  

 

 The memory device connects to the Kelunji EchoPro in the USB port shown in Figure 6. The 

EchoPro should be powered off when inserting the storage drive. Once it is put in the unit, the EchoPro 

can be powered on and the device status can be checked with the USB storage info link on the left side 

of the main menu screen. If working properly, the name of the drive and the available memory should 

display in the window. 

 
Figure 6: Location of Data Storage Port inside the EchoPro Recorder 

 

 Similar to the installation of the USB drive, removal of the drive requires the unit to be powered 

off to ensure data is not corrupted. Then, the device can be removed from the EchoPro to retrieve the 

data. At this point, either a replacement flash drive should be installed or the original can be reused if 

the data is first transferred to an external hard drive. If the second option is taken, it is important to 

ensure the data copied correctly and then clear the USB storage device before reinserting it into the 

EchoPro. The recorder can then be restarted and data acquisition can continue. 
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Starting Data Collection 

It is important to start the Kelunji EchoPro recording process once the unit is installed and ready 

to record data. Also, the recorder needs to be turned on during the process of centering the LVDT 

targets.  

 Data collection can be stopped or started from the netbook while connected to the web-based 

EchoPro interface. To start the system, connect the netbook to the recorder via the crossover cable and 

use the IP address as the URL in a web browser. It will ask for a log in name and password, which is by 

defŀǳƭǘ άYŜƭǳƴƧƛέ ŀƴŘ άǎŜŎǊŜǘέ ǊŜǎǇŜŎǘƛǾŜƭȅΦ hƴŎŜ ŀǘ ǘƘŜ YŜƭǳƴƧƛ Ƴŀƛƴ ƳŜƴǳΣ ǘǳǊƴ ƻƴ ǘƘŜ ǊŜŎƻǊŘŜǊ ǿƛǘƘ 

the button in the upper left hand corner shown in Figure 7. If there are no conflicts, the unit will begin 

data capture. While the recording process is on, the current signal values of the sensors can be viewed 

by selecting the appropriate link in the menu. 

**Note: Data capture can only be started if a viable data storage method is installed. 

   

 

 
Figure 7: Starting and Stopping Data Capture on the Kelunji EchoPro Recorder 
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Sensor Installation 

 

Objective 

 This section shows the process of sensor installation for use with the EchoPro recorder. Most of 

these processes can be completed concurrently and the organization below does not represent a 

timeline. However, there are certain steps in this manual that require a previous step to be completed 

first. These exceptions will be noted. 

Process 

 Sensor installation of a test site includes the LVDT displacement transducers for crack 

monitoring, the geophone velocity transducers for structural monitoring, and the SUPCO temperature 

and humidity gauges for interior and exterior recording. The final position of each sensor should be 

measured and each sensor should be labeled by channel number. More information on these sensors 

can be found in appendices C, D, and E.  

 

-LVDTS 

 Installing the LVDTs requires two main steps: mounting the sensors and setting targets. The 

process of mounting the sensors begins with identifying the cracks that need to be monitored. Assuming 

these are known ahead of time, the exact placement of the sensors relative to the cracks is important. 

LVDTs must be setǳǇ ŀǘ ŀ Ǉƻƛƴǘ ǿƘŜǊŜ ǘƘŜ ŎǊŀŎƪ ƛǎ άƛƴ-ǇƭŀƴŜέ, meaning that the LVDT body and target 

will be perfectly parallel to each other when mounted. Also, the LVDT body needs to be close to (within 

a few mm) but not touching the crack to be monitored. 

 With the sensor placement determined, the LVDT body can be secured to the wall with 60 or 90 

second epoxy. Make sure to mix the epoxy well and to hold the body firmly to the wall until it is secure. 

Duct tape can be used after this period to prevent sensor movement and guarantee the epoxy will 

have time to fully set. Photographs for this process are shown in Figure 8 and Figure 9 below. 
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 Setting the sensor targets is a difficult but crucial step for the correct installation of the LVDTs. 

Before this step can occur, the LVDT must be connected to the fully prepared EchoPro recorder. 

Therefore, this is one of the last operations to perform when installing the system. 

 The key to correct positioning of the sensor target (and LVDT core) includes 3 major criteria:  

1. Target must be in the nominal range (0.1 inches for the LVDTs at Sycamore) 

2. Target should be centered in the nominal range 

3. LVDT core must be parallel to LVDT body 

 

 Figure 10 through Figure 13 below show the completed installation of the sensors. The steps 

required to achieve these results are as follows. One individual must monitor the sensor output with the 

netbook connected to the Kelunji EchoPro. Refer to the EchoPro user manual for detailed explanation of 

how to accomplish this. Once the current sensor outputs are being monitored, a second person can 

apply 90-second epoxy to the sensor target base. The second person should begin pressing the target to 

the wall while moving the LVDT core and screw into the body. To ensure the core is parallel to the body 

(criterion 3), a small drinking straw can be placed on the end of the core when moving it into the LVDT 

body and then pulled through the opposite side of the LVDT. 

 Once the monitoring individual detects the sensor has moved into the nominal range, he or she 

must communicate this fact with the person installing the target.  Then, directions of whether the 

sensor must be moved inward (to increase the output) or outward (to decrease the output) must be 

relayed. This process must continue until the target output should be between 3.5 million and 

Figure 8: LVDT Body - Epoxied to Wall Figure 9: Applying Pressure 
while Epoxying LVDT 



12 
 

5.5 million A/D steps with an ideal center value of 4.2 million. Once again, duct tape can be 

used to maintain sensor position until the epoxy hardens.  

 

 

 
Figure 10: Process for Aligning Target with LVDT 

 

 
Figure 11: LVDT: Ceiling 

 

 
Figure 12: LVDT: Wall 

 

 
Figure 13: LVDT: Taped Target 
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-Geophones 

 Proper Geophone installation is shown in Figure 14 through Figure 15 below. Mounting the 

geophones is accomplished in one of two ways based on the sensor location and orientation. For the 

horizontal geophones mounted on walls, apply 90 second epoxy to the metal bracket and firmly hold in 

the desired location until the epoxy hardens. To ensure the sensor does not shift on the wall, use duct 

tape to hold the geophone in place while the epoxy cures fully. 

 The process is more complicated for vertical geophones mounted to a ceiling. To ensure that the 

sensor is adequately attached, it should be bolted to the drywall with screws. A vertical geophone to be 

mounted in this manner should have a bracket with pre-made holes, as outlined in Appendix C. To install 

the geophone to the ceiling, drill pilot holes at the sensor position. Then, use screws to secure the 

bracket to the ceiling (without the geophone). It is best to try to set the screws into a wooden joist when 

possible. Finally, firmly re-attach the geophone to the bracket with the threaded connection. 

  

 

 
Figure 14: Horizontal Geophone: Wall 

 
Figure 15: Vertical Geophone: Ceiling 
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-SUPCO Temperature and Humidity Logger 

 Installing the SUPCO loggers in the field is relatively simple. Figure 16 shows a logger installed in 

the field. Setting up the devices is covered in Appendix E as well as the SUPCO user manual. This step 

must be completed before they can be deployed in the field.  

Once the loggers are prepared, one should be mounted on a wall near the indoor sensors. Make 

sure that the sensor will not be subjected to direct sunlight because this could throw off the sensor 

readings. The easiest method for mounting the SUPCO logger is to use double-sided Velcro tape. Velcro 

is preferred because it allows for the logger to be temporarily taken down for data retrieval and then 

replaced. The other one should be mounted on an exterior wall in a place where it will be 

protected from rain and direct sunlight. A good location could be underneath a roof overhang 

or other source of shade and protection. 

Once installed, ensure that the logger is recording data by looking at the indicator light 

in the bottom left corner of the device. If it blinks green once about every 15 seconds, it is 

recording correctly. 

 

 

 

Figure 16: SUPCO Temperature and Humidity Gauge 

  



15 
 

LARCOR Compliance Seismograph Setup 
 

 The LARCOR Compliance Seismograph and its sensors will be connected the Kelunji EchoPro to 

serve as an external trigger source. Also, the LARCOR will record data on triggered events from its air 

overpressure sensor and tri-axial geophone.  

 

**Note: If the LARCOR system is already installed at a given location, skip this section. 

 

 The first step is to setup the systems sensors for long term installation. Attach the air 

overpressure sensor to the exterior wall of the house with bolts or another viable method as in Figure 

18. Then, connect it to the corresponding port on the LARCOR. Bury the tri-axial geophone six to twelve 

inches underground, positioned flat and perpendicular to the wall of the house. Figure 17 shows the 

installation of the geophone. 

 

 

Figure 17: Triaxial Geophone ς Buried 

 

Figure 18:  LARCOR with Air Overpressure Sensor 
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Place the LARCOR seismograph inside a weatherproof bin and cut small slits into the sides for 

the necessary wiring. To connect with the internal system, drill a small hole in the exterior wall or 

determine an adequate pre-existing opening to run the serial wire inside. This serial wire is split to the 

power source and split again to connect with the Kelunji. It can also be used to connect the system to 

the internet. For information related to the trigger connection cable with the Kelunji, see Appendix F. 

Seal the bin by placing a heavy object on the lid to ensure it remains stable and closed. Figure 19-Figure 

22 show the process and final results of an installation. For more information on the LARCOR, reference 

the user manual for a given model 

.  

 
Figure 19: LARCOR Compliance Seismograph 

 

 
Figure 20: LARCOR- Wiring to Inside 

 
Figure 21: LARCOR Tub Organization 

 

 
Figure 22: LARCOR Final Setup 
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Integration of compliance seismograph as ground motion and air 

overpressure trigger 

 

Objective 

 The LARCOR seismograph, the typical compliance hardware used by regulators, can be adjusted 

to serve as a trigger to the Kelunji EchoPro for a specific level of air overpressure or ground motion. This 

combination allows for an integration of the systems that more completely monitors key dynamic 

responses. 

LARCOR triggering setup 

 The LARCOR unit, the use of which will not be outlined here (refer to the user manual for 

operating instructions), can be programmed to record dynamic data given a specific threshold of air 

overpressure or ground particle velocity from its air blast sensor and geophone sensors respectively. For 

monitoring purposes, this recording process can be set to begin when the geophone detected ground 

motions of at least 0.04 in/s or air overpressures of at least 120 dB However, site specific values should 

be used to try to capture only the relevant data. 

 When a trigger threshold is exceeded, the LARCOR unit can be setup to output a 5V square 

trigger pulse through its serial output. However, in order for the trigger pulse to reach the EchoPro 

recorder, an additional serial splitter cable is needed. As shown in Figure 23 below, the serial output 

must be split first with the provided LARCOR splitter to an AC power source and a second branch. This 

second branch is further split with the new splitter to a free branch and a branch connected to a Turck 

Picofast male cable. This male cable should be plugged into the EchoPro connector box or an extension 

cable (as needed). With this setup, the LARCOR trigger pulse will be received by connected Kelunji port 

(typically channel 12 of port D, but any channel will function correctly). The details of manufacturing the 

new splitter cable are discussed in Appendix F. 
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Figure 23: Figure 30: LARCOR to Kelunji EchoPro Connection Diagram 

 

 

Kelunji External Triggering Process 

 ¢ƻ ǘǊƛƎƎŜǊ ǘƘŜ YŜƭǳƴƧƛ ǿƛǘƘ ǘƘŜ [!w/hw ǘǊƛƎƎŜǊΣ ŀ ǎŜǇŀǊŀǘŜ ǘǊƛƎƎŜǊ άƭŜǾŜƭέ ǇǊƻŎŜǎǎ ƴŜŜŘǎ ǘƻ ōŜ 

created with a threshold level of 45% of the 10 volt range. This process can be programmed to record all 

the connected sensors for a set amount of time, including pre-trigger data, and store the files in a 

separate folder specific for these triggered events. For more technical details of the triggering process, 

please refer to Appendix G ς Setting Trigger Levels. 
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Sensor Wiring  
 

 The final step to the installation of the system is the wiring. The sensors are connected to the 

EchoPro recorder via the connector boxes with Turck Picofast cables. These cables can be purchased in 

lengths of two, five, and ten meters. It is important to plan ahead for wire lengths. 

Important Considerations 

 When wiring the sensors to the EchoPro recorder, there are a few important considerations to 

account for. First, drilling through walls should be avoided unless absolutely necessary. The wires can be 

routed by normal means through the house. The exception to this rule is the wiring from the LARCOR 

seismograph to the EchoPro, which may need to run through the exterior wall. Second, wires should be 

labeled and organized in a way that is clear and will protect the wires from damage. This is outlined 

further in the sections below. Finally, wires exposed to the environment must be protected with 

weatherproof material at the connections to protect the system from the elements. 

Labeling 

 

It is vital for wires to be labeled by its channel number or some other labeling method. This can 

be accomplished with the two options shown in Figure 24. The first option is to use a label maker to 

mark each cable by its unique designation. The second option is to write the label at the connection 

points with a permanent marker. Also, the labeling system should be documented at the time of 

installation as a reference to avoid any possible confusion.  

 

Figure 24: Labeling Options for Turck Picofast Cables 
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Organization 

 An organized system of wiring is essential to an installation that can conserve both time and 

material. It also protects the cables from damage while deployed in the field. The wires must be bundled 

with cable ties and secured to the walls or ceiling with Command hooks. The figures below 

photographically describe the proper method of organizing cables on site.  

 Proper planning can assist in this process. If the length of cable necessary between the recorder 

and the EchoPro is calculated ahead of time, appropriate cable lengths can be used.  This helps to 

reduce extra lengths of cable that can hamper the organization. 

 

 

 
Figure 25: Example Ceiling Wiring 

 
 
 
 

 
Figure 26: Example Wiring Between Floors  

 
Figure 27: Example Wall Wiring 

 
Figure 28: Securing Wires to Wall 
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EchoPro Analysis ɀ Software, Scripts, and Templates  
 

Objective 

 The use of software, scripts, and templates simplifies and automates the process of changing 

raw data into final tables and plots that can be used within a report. The scripts and templates were 

developed specifically for use with the Kelunji EchoPro recorder and the installation described within 

this user manual.  

 

Kelunji Filtering Script 

 The Kelunji EchoPro filtering script extracts data from the USB storage device, typically a flash 

(thumb) drive, filters it, and saves the data into two separate types of files. Burst data files are saved as 

text files and labeled by the time stamp of the event. Long term data is filtered and compiled into a 

single text file. More information on this process and the results can be seen in Appendix J. 

 The steps required to execute this filtering script are as follows: 

1. Ensure that the AutoHotKey program is installed on the netbook. 

2. Plug the USB storage device into the netbook. 

3. Open the Kelunji software folder on the desktop and then the conversion scripts folder 

4. Double-ŎƭƛŎƪ ǘƘŜ ŦƛƭŜ άYŜƭǳƴƧƛ CƛƭǘŜǊ {ŎǊƛǇǘέ  

(If there is an error when running the script, see the Note section below) 

5. Wait until the script finishes (the process may take up to an hour). When it finishes, a 

notification will appear on the screen. While the script is running, the AutoHotKey icon will 

display in the bottom right corner of the screen, as shown in Figure 29 

 

 

Figure 29: Kelunji Script Execution and System Tray Icon 
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6. Once the script finishes, a folder with the date and time the script was executed should 

appear on the desktop. This folder should contain three things if the script was executed 

properly: a temp directory, converted burst text, an hourly averages file of the long term 

data. 

7. If the script ran correctly, this data can be used in the excel analysis templates, whose 

process is outlined below. 

 

Note: If an error occurs while the script occurs, it is likely that the input directory or output 

directory was not found. Right click the script and open it with a text editor such as notepad. 

Find the input directory near the top of the file and ensure that it is searching in the same drive 

letter as the USB flash drive. If this is not the issue, find the output directory and make sure it is 

set to the desktop. If these attempts do not solve the issue, contact the developers of the script. 

 

 

Additional Data Sources 

 Data from sources other than the Kelunji EchoPro recorder are necessary for the proper use of 

the excel templates. The long term data should include temperature and humidity data from the SUPCO 

loggers and the dynamic event data should include external ground motion and air blast data from the 

LARCOR compliance seismograph. Information on retrieving data from the SUPCO units is available in 

Appendix E. The procedure to obtain data from the LARCOR unit can be found in the LARCOR user 

manual. The important consideration is that all files should be saved to either text or excel compatible 

formats for use in the excel templates. 
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Excel Templates 

 Each excel template procedure outlined below can be practiced using the data provided in the 

άǘŜƳǇƭŀǘŜ ŜȄŀƳǇƭŜ ŦƛƭŜǎέ ŦƻƭŘŜǊΦ DǊŀǇƘǎ ƻŦ ǘƘŜ ǇǊƻǇŜǊ outputs and more information about this sample 

data can be found in Appendix K.  

 

-Long Term Template Procedure 

1. Start Microsoft Excel 

2. Locate and Open the following files. For the hourly_averages file, select fixed width in the 

text input wizard shown in Figure 30 and click finish. For the temperature data, select fixed 

width and click next. Then, as shown in Figure 31 double click and eliminate the two 

columns between date and time and create a column on the right side of time. 

a. Hourly_averages (Kelunji EchoPro long term data ς in folder on desktop) 

b. Internal  and external temperature data (SUPCO logger data ς saved to desktop) 

 

Figure 30: Excel Text Import Wizard with Correct Options Highlighted 

 

Figure 31: Excel Text Import for SUPCO data 
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**Note :  Figure 32 and   

Figure 34 show the empty and completed templates respectively. These figures should be 

referenced as needed. 

3. Copy all of the columns of data from the hourly_averages excel document. Paste this data 

ƛƴǘƻ ǘƘŜ ǎŜŎǘƛƻƴ ǘƛǘƭŜŘ άtŀǎǘŜ 9ŎƘƻtǊƻ ±ŀƭǳŜǎ .Ŝƭƻǿέ ŀƴŘ ƭŀōŜƭŜŘ ōȅ ǘƘŜ ƴǳƳōŜǊ нΦ tŀǎǘƛƴƎΣ 

as shown in Figure 32, is accomplished by right clicking and selecting paste ς values.

 

Figure 32: Correctly Pasting Values into the Template 

 

  Figure 33: Long Term Template with Important Regions Numbered 

  

Figure 34: Long Term Template with Data Inputted  
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4. Repeat step 3 for the internal SUPCO values in region 3 and the external SUPCO values in 

region 4. All the necessary data should now be within the template file. 

5. Look at the indicator column for the internal SUPCO data. Scroll down in the document and 

ŦƛƴŘ ǘƘŜ ŦƛǊǎǘ ǾŀƭǳŜ ƻŦ άмέ ƛƴ ŀ ƎƛǾŜƴ ŎŜƭƭΦ Highlight all of the data within the green fields 

above this row. 

6. Press the Delete key (not the excel function), then copy the remaining data in the fields 

from the first indicator down to the end. 

7. Paste (values) into the top of the green area (row 7). Delete data below this pasted region. 

**Note:  This step should line up the beginning time of the Kelunji EchoPro data with the 

temperature and humidity data. To check this, compare the date and time for the first EchoPro 

row and the first SUPCO row. If they are within a few hours of each other, this is sufficient for 

the long term plots.  

8. Repeat Steps 4 through 7 for the external SUPCO data. 

9. Input the conversion factor for the crack gauges in the upper left hand corner of the 

document. The factor should be in Volts/inch. This ensures that the data is converted to 

engineering units correctly. This factor can be found in the specs for the crack sensors. 

10. Click the view tab on the top menu bar and choose the Macros button, which is annotated 

by the number 5 in Figure 33.  

11. Select View Macros 

12. Choose the macro Y_axis and click Run, shown in Figure 35. 

 

Figure 35: Long Term Template Macro Window with Annotated Selections 
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13. Switch to the fifth  spreadsheet tab titled Graph Options shown in Figure 36 

  

Figure 36: Long Term Template Graph Options Annotated by Letter 

14. The graphs should be renamed with specific information about the given channel and 

should include the crack monitored. Also, the specific graph scaling can be manually altered 

in this tab if the automatic scaling did not produce the desired result. 

**Note:  If the user decides to manually scale the x-axis or y-axis by entering numbers, the 

automatic calculations that provided the initial ranges for it will be lost. However, manual 

scaling can often improve the plots from their initial scaling. Further instruction on manually 

scaling the axes in the templates is provided in Appendix I. 

15. Repeat steps 11 and 12 with the macro X_axis and GraphTitles 

**Note: Tabs two, three, and four display plots of the data. The second tab displays all of the 

crack channels while the third and fourth tabs have selected crack channels with temperature 

and humidity data. The selected cracks in the third and fourth tabs can be changed by the user. 

The process will be outlined in steps 16-19. 

16. Left-Click on the graph to be altered.  

17. Navigate to the Design tab of the menu bar and click Select Data. 

18. Select the data series and click edit, as shown in Figure 37. 
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Figure 37: Accessing the Data Source Selection for a Plot 

19. In the menu shown in Figure 38, change the number after the word channel to the desired 

channel source in the Series Y values selection box. For Example, Change Channel_1 to 

Channel_3. Click OK.  

 

 

Figure 38: Changing the Crack Channel for a Plot 

 

**Note:  The adjustments to graph sources should not switch graphs from crack movement to 

the temperature or humidity or vice versa due to the background processes creating the plots. 

20. Select the sixth tab, titled Summary Table, shown in Figure 39. 
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Figure 39: Long Term Template Summary Table 

21. Fill in the title, date, and description fields at the top of the table for the event. 

22. Add a description for each channel in the corresponding fields. 

**Note: The template is fully completed. Unless further changes are desired, continue to steps 

23 a-c to print the outputs or 23 d-f to export the outputs to a word processing document. 

23. Printing or Moving Outputs. 

a. Select the tab to be printed. 

b. Go to File and select Print. 

c. Make sure Print Active Sheets and the correct printer are selected and click print. 

OR 

d. Highlight the plot or table, right click, and select copy. 

e. Open Microsoft Word or another word processing program. 

f. Right Click and Select Paste. 

 

**Note: Sample Outputs of the plots and the summary table can be viewed in the Reports section of 

the User manual. The x-axis scaling was changed to two days in these plots. 
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-Dynamic Excitation Procedure 

 

1. Start Microsoft Excel 

2. Locate and Open the following files. For each file, select fixed width in the text input wizard 

shown in Figure 40 and click finish. 

a. Selected dynamic event (Kelunji EchoPro burst files ς in folder on desktop, labeled 

by date and time of event) 

b. External sensor data (LARCOR Compliance Seismograph data ς saved to desktop) 

**Note:  9ǾŜƴǘǎ ǘƘŀǘ ŘƻƴΩǘ ǘǊƛƎƎŜǊ ǘƘŜ ŜȄǘŜǊƴŀƭ ǎȅǎǘŜƳ ǿƻƴΩǘ ƘŀǾŜ Řŀǘŀ ŦǊƻƳ ǘƘŜ [!w/hwΦ  

c.  

Figure 40: Excel Text Import Wizard with Correct Options Highlighted 

 

**Note :   Figure 42 and Figure 43 show the empty and completed templates respectively. These 

figures should be referenced as needed. 

3. Copy all of the output data from the selected dynamic event excel document. This data 

starts at the 85th row of columns B through columns M. Paste this data into the section 

ǘƛǘƭŜŘ άtŀǎǘŜ 9ŎƘƻtǊƻ ±ŀƭǳŜǎ .ŜƭƻǿέΣ ƭŀōŜƭŜŘ ōy the number 2. Pasting, as shown in Figure 

41, is accomplished by right clicking and selecting paste ς values.
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Figure 41: Correctly Pasting Values into the Template 

 

 

  Figure 42: Dynamic Template with Important Regions Numbered 

 

  

Figure 43: Dynamic Template with Data Inputted 


































































































































