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                              INTRODUCTION

1.1    GENERAL BACKGROUND

Major civil engineering structures such as bridges, fly overs, containment vessels, dams etc constitute a major portion of national wealth. The cost of maintenance for such structure is high and even a small percentage reduction in cost of maintenance can give significant savings. Monitoring of such  structures through Remote Monitoring System is one of the most cost effective maintenance method. Early detection through Remote Monitoring System  problems, such as cracks at critical locations, deformations, delaminations etc. can help in avoiding a catastrophic failure and structural deterioration beyond repair. Hence, there is an acute need to monitor  the moving loads over the bridges to study the performance of the bridges and roads under increased axle loads through Remote Monitoring System.

Due to continuous increase in demand of transport of commercial goods, National Highways Authorities desire to increase the axle loads of trucks to cater the demand. But the supporting infrastructure such as bridges, cross drainage works etc  are very  old, the age varies from 50 to 75 years. Hence, question arises for their load carrying capacity at the present status. Therefore, before using the old bridges for increased axle load. National Highways Authorities  desire to ensure that whether the bridges are safe for increased loads or  some strengthening measure to be adopted for using these structures, which require monitoring of  axle loading on current operating condition over the bridges and roads. The broad aim of the project is to demonstrate a working model to monitor loads using Remote Monitoring System .

1.2 OBJECTIVE OF THE STUDY
The objective of the project is to develop a working model to weigh the loads through Remote Monitoring System, similar technique  can be used to monitor the axle loads on railway and highways  bridges for their performance evaluation.

1.3 RESEARCH SIGNIFICANCE
Research gives a comprehensive methodology for monitoring of axle loads on bridges through Remote Monitoring System and the similar technique can be used to develop an alarming system for maintenance of bridge so as to adopt remedial measures at an appropriate time.

1.4   PRINCIPLE OF MEASUREMENT

The principle used in the project is the  sum of the shear forces produced at both the end of a beam is equal to the load applied on the beam. The shear stress produced at both the end of the beam is proportional to the shear force at the end supports. Hence, by measuring the shear strain produced at both the end support  of a beam through Wheat Stone Full Bridge circuit one can weigh the applied load on the beam.

1.5    WHEAT STONE BRIDGE CIRCUITS

 Strain gauges can be connected in Quarter Bridge, Half Bridge and   Full Bridge Connections as shown in Fig. 1 to measure strain from electrical strain gauges. In quarter bridge connection only one arm is active, in half bridge connection two arms active and in full bridge connection all the four arms active. In the project Wheat Stone Full Bridge Circuit is used for measurement as shown in Fig. 2
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Fig.1 :  Quarter, Half and Full bridge circuits for strain measurements
[image: image2.jpg]uare section 1 Cable tie . Tie wire
/—le housingy barrel assembly
_ “ r____—/l[‘ ——Ftange
| | T
! . K—Musking tape

| = 30 am - ;'" Reinforcing bar
Gauge length (L) 150mm :
1

1





              Fig. 2 : Full Bridge Circuit for Load measurement
CHAPTER 2

                               LITERATURE   REVIEW

2.1  GENERAL

The civil engineering profession focuses upon large projects that must succeed, because failure make spectacular headlines. In, recent years, steadily increasing bridge failures owing to severe distress has brought home the technology of smart bridges. A structure can be called smart if it can rectify any distress in it , with the help of smart material used in construction  or if the bridge is smart enough to sense the problem and send the signal to control room that it needs some attention as shown in Fig.3. The latter intelligence is incorporated in bridges by installation of active monitoring system using the State- of-Art instrumentation and provides true health condition which is very important for planning maintenance, up- gradation, timely repair and rehabilitation to ensure safety of structure. The literature review is done to know the recent trends in sensor technology used in bridge monitoring systems. In the context of the currently acute need for scientific monitoring of the health of major bridges and for creating a reliable database for their efficient management calls for systematic field studies on their long- term performance through Remote Monitoring System. The instrumentation activities envisages monitoring of a large number of structural parameters  such as strain, deflection, slope tilt, thermal gradient, settlements etc. during the construction of a bridge as well as its service life. The literature presented here briefly describes the salient aspects of the instrumentation of a bridge, various technique of Strain measurements, applications and limitation.
2.2 EVOLUTION OF TECHNIQUE

The technology of modern long span pre-stressed concrete bridge construction has evolved only during the past five decades. Even this relatively short period has brought about remarkable developments and progress in bridge engineering, to the extent that the art and science of bridge building can be confidently said to have reached a state of maturity today. However, in their single minded pursuit of technological achievements , bridge engineers did not pay adequate attention to certain very vital aspects adversely affecting the serviceability and sometimes even jeopardize the safety of bridges.
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                                   Fig. 3 :   Smart Bridge Concept

2.3 APPLICATIONS
Instrumentation and monitoring techniques can be applied to all kinds of structures where performance measurement plays an important role in maintenance and health status of structures such as :

· Dams

· Concrete and steel bridges

· Fly-over

· Concrete Caissons and Reservoirs

· Tunnel lining

· Containment vessel of nuclear power plants

· High rise buildings

· Coal mines
2.4 TECHNIQUES OF MEASUREMENTS AND LIMITATIONS
The measurements are done generally using gauges based on following three techniques. The principle on which these techniques are based and their applications and limitations are discussed here after :

· Electrical Resistance Technique

·  Vibrating Wire Technique

·  Fiber Optic Technique

2.4.1  ELECTRICAL RESISTANCE TECHNIQUE
It is based on the material’s property that the electrical resistance changes with change of its length under stresses. If a strip of elastic material is subjected to tension or in other words positively strained, its longitudinal dimension will increase while there will be decrease in lateral dimension. So when a gauge is subjected to a positive strain , its length increases while its area of cross section decreases. Strain can be detected by measuring the resistance variation caused by changes in the gauge length of the wire

The resistance variation can be measured by the well known Wheat Stone Bridge.This Technique is developed in the  year 1930 by Dr.Simmons,California Institute of Technology,USA and Dr. Ruge, Massachusetts Institute of Technology, USA. Details of Electrical strain gauge is shown in Fig.(4).  

     Strain = Change in length/ Original length

             ε = ( L/ L
           με =(( L/ L)* 10+6
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                = ((R/R )/K * 10+6

Where, K is Gauge Factor

Fig. 4 :  A Typical Strain

              Gauge

2.4.2  TYPES OF STRAIN GAUGES

The following are the major types of electrical strain gauges :

1 .  Unbonded metal strain gauge

2,   Bonded metal wire strain gauge

3.   Bonded metal foil strain gauge

4.   Vacuum deposited thin metal film strain gauge

5.  Sputter deposited thin metal strain gauge

6.  Bonded semiconductor strain gauge

7.  Diffused metal strain gauge 

2.4.2.1 UNBONDED METAL STRAIN GAUGE
An Unbonded metal strain gauge consists of a wire stretched between two points in an insulating medium such as, air. The wires may be made of various copper nickel, chrome nickel or nickel iron alloys. They are about 0.003 mm. in diameter, have a gauge factor of 2 to 4, and sustain a force of 2 mN. The length of wire is 25 mm. or less. The flexuture element is connected through a  rod to a diaphragm which is used for sensing of pressure. The wires are tensioned to avoid buckling when they experience a compressive force.

The unbonded metal wire gauges, used almost exclusively in transducer applications, employ preloaded resistence wires connected in wheatstone bridge. At initial preload, the strains and resistances of the four resistances of the four arms are normally equal, with the result the output voltage of the bridge, eo =o. Application of pressure produces a small displacement which is about 0.004 mm. (full scale) , the displacement increases tension in two wires and decreases it in other two, thereby increase the resistance of two wires which are in tension and decreasing the resistance of the remaining two wires. This causes an unbalance of the bridge producing an output voltage which is proportional to the input displacement and hence to the applied pressure.   

2.4.2.2 BONDED METAL STRAIN GAUGE
The unbonded metal strain gauges are used for both stress analysis and construction of transducers. A resistance wire strain gauge consists of a grid of fine resistance wire of about 0.025 mm. in diameter and less.The grid is cemented to carrier (base) which may be a thin sheet of paper, thin sheet of backelite or Teflon. The wire is covered on top with a thin sheet of  material so as to prevent it from any mechanical damage. The spreading of wire permits a uniform distribution off stress over the grid. The carrier is bonded with adhesive material to the specimen under study. This permits a good transfer of strain from carrier to grid of wire. The can not buckle as they are embedded in matrix of cement and hence follow both the tensile and compressive strain of the specimen.  Since the materials and the wire sizes used for bonded wire strain gauges are the same as used for unbonded wire strain gauges, the gauge factor and resistances for both are compatible. 

The size of the strain gauges varies with application. They can be as small as 3mm. by 3 cm. square . Usually they are larger but seldom more than 25mm. long and 12.5 mm. wide.

For excellent and reproducible results , it is desirable that the resistance wire strain gauges should have the following characteristics :

· The strain gauge should have high value of gauge factor. A high value of gauge factor indicates a large change in resistance for a particular strain resulting in high sensitivity.

· The resistance of strain gauge should be as high as possible since this minimizes the effects of undesirable variations of resistance in the measurement circuit. Typical resistances of strain gauges are 120 ohm, 350 ohm and 1000ohm. Although  a high resistance value of strain gauges is desirable from the point of view of sampling out of effects of variations of resistances in other part of bridge circuit in which they are invariably used but it results in lower sensitivity. Thus in order to get higher sensitivity higher bridge voltage have to be used. 

· The strain gauge should have low resistance temperature co-efficient. This is essential to minimize errors on account of temperature variations which affect the accuracy of measurements.

· The strain gauge should not have any hysteresis  effect in its response.

· In order to maintain constancy of calibration over the entire range of the strain gauge , it should have linear characteristics that is variation in resistance  should be a linear function of strain.

· The strain gauges are frequently used for dynamic measurements and hence their frequency response should be good.

2.4.2.3 BONDED METAL FOIL STRAIN GAUGE 

This class of strain gauges is only extension of bonded metal strain gauges. The bonded metal strain gauges have been completely superseded by bonded metal foil strain gauges. The metal foil strain gauges use identical material to wire strain gauges and used today in most general purpose stress analysis applications and for many transducers. 

Foil type strain gauges have much heat dissipation capacity as compared with wire wound strain gauges on account of their greater surface area for the same volume. The sensing element of foil gauges are formed from sheets less than 0.005 mm. thick  by photo etching process , which allow greater flexibility with regard to shape. Fig. (a) and Fig. 6 (b) shows the three linear grid are designed with fat end turns. This local increase in area reduces the transverse sensitivity which is a spurious input since the gauge is designed to measure the strain component along the length of grid element.

The maximum measurable strain varies from 0.5 to 4 percent Fatigue life of gauge depends upon conditions. Many different adhesives have been developed for fastening strain gauges to specimens . Gauges and fastening methods are available to cover temperature ranges from -269 deg.C to 816 

Deg,C.
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                            Fig. 5(a) :  Bonded Metal Foil strain Gauge
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                        Fig. 5(b) :  Bonded Metal Foil strain Gauge

2.4.2.4  EVAPORATION DEPOSITED THIN METAL 

STRAIN GAUGE
Evaporation deposited thin metal strain gauges are mostly used for the fabrication of transducers . They are spur deposited variety . Both process begin with a suitable elastic metal element. The elastic metal element coverts the physical quantity into a strain. 

In the evaporation process, the diaphragm is placed in vacuum chamber with some insulating material. Heat is applied until the insulating material vapourises and then condenses, forming a thin dielectric film on the diaphragm. Suitably shaped templates are placed over the diaphragm and the evaporation and condensation processes are repeated with the metallic gauge material, forming the desired strain gauge pattern on the top of insulating substrate.

In the sputtering process , a thin dielectric layer is deposited in vacuum over the entire diaphragm surface. The complete layer of metallic gauge is  sputtered on the top of the dielectric material without using any substrate. The diaphragm are removed from vacuum chamber , and microimaging techniques using photo masking material s are used to form the gauge pattern. 

Resistance and gauge factor of film gauges are identical to those of foil gauges.

2.4.2.5 SEMI-CONDUCTOR STRAIN GAUGES 
Semi-conductor gauges are used where a high gauge factor and a small envelop are required. The resistance of semi-conductor changes with change in applied strain. Semi-conductor strain gauge depend for their action upon piezo-resistive effect that is the change in the value of the resistance due to change in resistivity.

Semi- conductor material such as silicon and germanium are used as resistive materials. A typical strain gauge consists of  a strain sensitive strain material and leads that are sandwiched in a protective matrix. The production of these gauges employ conventional semi-conductor technology using semi conductor wafers which have thickness of 0.05mm and bonding them on a suitable substrate such as Teflon.

2.4.2.6 DEFUSED STRAIN GAUGE
The defused strain gauges are primarily used in transducers. The diffusion process used in IC manufacture is employed. In pressure transducers for example , the diaphragm would be of  silicon rather than metal and the strain gauge effect would be realized by developing impurities in the diaphragm to form an intrinsic strain gauge.

2.4.2.7 ROSETTES
In addition to single element strain gauges, a combination of strain gauges is called “ rosettes” , are available in many combinations for specific stress analysis or transducer applications.

In practical problems, an element may be subjected to stresses in any direction and hence it is not possible to locate the direction of principle stress. Therefore, it is not possible to locate the direction of principle stress. Hence there is necessity to evolve a strain gauge measurement system which measures the values of principle strains and stresses without actually knowing their directions. Some forms of rosettes are shown in fig. 6 .
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                           Fig. 6 :  Some Forms Of Rossettes
2.4.3    APPLICATION AND LIMITATIONS
· Physical quantities such as strain , pressure, acceleration, displacement, force can be measured using strain gauges.

· Suitable  mechanism to be devised to relate these quantities to strain.

· Reconnections must be avoided, as the contact resistance shifts the base values of the gauge.

· Long length leads connection should be avoided , as the signals degrade with length.

· For use in concrete , special protection device is required due to fragile nature.

2.4.4       VIBRATING WIRE TECHNIQUE
The principle of these is that the natural frequency of a wire depends on tension in the wire. The tension of the wire altered due to relative movements of the end of the wire. Hence, change in frequency is directly related with the strain. A typical installation of embedded V.W. Strain Gauge is shown in Fig. 7. The fundamental frequency of  the vibration of a wire is related to its tension, length and mass as follows : 

              f  = 1/ 2L √ (T / M )

Where : 

·   L = Length of wire

·   T  = Tension of wire

·   M  = Mass of wire per unit length
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                            Fig. 7 :  V.W. Strain Gauge Installation

2.4.4.1 ADVANTAGES  AND  DISADVANTAGES

· Degradation of signal due to long length is negligible, hence can be used for remote monitoring.
· Due to ruggedness suitable for the use in concrete.
· No initial shift due to reconnections is negligible hence suits for site condition monitoring.

· Long term stability hence versatile for use for the long period.

2.4.5     OPTICAL FIBRE TECHNIQUE

In this type of sensor , a cavity comprising of two mirrors (reflection) which are parallel to each other and perpendicular to the axis of the optical fiber form the localized sensing region as shown in Figure 8 . Here the reference and sensing optical fibre are one and the same up to the mirror. Changes in the separation between the two fibre end faces, known as air gap length, cause interferometric fringe variations. The interference pattern generated is sinusoidal in shape and directly related to the intensity of the  applied strain . The period of the wave form constitutes a fringe and by proper calibration the magnitude of the strain can be determined.
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                                          Fig. 8 :  Optical Fibre Strain  Sensor

2.4.5.2  APPLICATION AND LIMITATIONS

· These can be used for periodic monitoring of most civil engineering structures.

· They are lighter then other types.

· Insensitive to electromagnetic fields

· Resistance to corrosion

· They are very delicate and need strong protective devices, due to ruggedness of construction.   

CHAPTER 3

INSTRUMENTS AND SOFTWARE

3.1  SENSORS USED
 In the project  resistance type electrical strain gauge is used to measure shear strain. In the experiment total four pair of strain gauges have been pasted in 90 degree rosette form on both the face (front and back) and at both the end of beam as shown in fig. 9(a) & (b). These eight number of strain gauges are so connected to form four active arm of the bridge circuit. The strain measurement had been carried out using a data acquisition system as described below. 
3.1.1  SPECIFICATIONS
Gauge resistance                              120 ±  0.5  ٪
Gauge factor                                     2.10   ±  1  ٪
Gauge length                                     3mm

Transvers sensitivity                        0.1    ٪
Temperature coefficient                   11 *  10-6  deg C
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      Fig.9(a)  : Installation of Strain gauge  at 90 degree  rosette form
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     Fig.9(b)  : Installation of Strain gauge  at 90 degree  rosette form
3.2  DATA ACQUISITION SYSTEM: The system used for data acquisition processes scanning a range of analog and digital channels, convert it to digital format and forward to a host computer. It is a data acquisition system with on board data storage facilities . The data acquisition system used is the Data-Taker  Model No. 615 as shown in fig.10. Each model in the datataker  has a number of characteristics that differentiate it from the other models.The main characteristics of the used data taker are as follows:

· 10 analog and 7 digital channel channels

· Network support

· Channel expansion socket

3.2.1    ANALOG INPUTS:
· 10 differential or 30 single ended, can be used in any mix

· sampling rate 25 samples /sec

· Linearity< 0.05% Data
· Sensor excitation of 4.5V, 250 micro amp each channel

· Full, half and quarter bridge voltage or current excitation

3.2.2  DIGITAL INPUTS AND OUTPUTS:

· 4 digital open collector outputs rated to 200mA at 30V

· 3 high speed counters

· All analog channels may also be used as digital input, with a user definable threshold.
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                                   Fig. 10 :  Data Logger
3.3 SOFTWARE 

The Delogger Pro software is used for collecting data from the sensors. Some of the command and output forms are shown below. Features of delogger software is also given below:

· Host software is used to communicate with, superwise and transfer data from datataker by sending commands to it through host PC

· Totally graphical interface

· Display and print real-time and logged data in dynamic table, chart and mimic (needle meter) view.

· Load data into fully featured spreadsheet.

· Replay saved data to any dynamic view.

3.3.1    PROGRAM BUILDER WINDOW:

This window creates a program for different channels and send it to datataker. 

· Each program builder window creates just one data taker program. Although the program may contain several schedules and involve many data taker channels, there is one program per program builder.

· A project can contain more than one program builder window
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                                          Fig. 11:  Program Builder Window
	


3.3.2     CHART WINDOW :

This window shows how to display value of one or more channels with time. Incoming data from user- selected real-time or replay channels is automatically plotted against time.
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                               Fig.12:  Graphical representation of data

3.3.3     TEXT  WINDOW

Text window contains two screens :

· Display screen – Displays incoming real – time data and replay data in various formats.

· Entry screen -  If you are familiar with data taker’s native programming language, type commands here and send them to logger.
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                              Fig.13 : Data output at regular interval
3.3.4      MIMIC WINDOW :

mimic window represents data as a panel containing one or more needle meters on computer screen. 
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                                 Fig.14 :  Data output in mimic window
3.3.5    FORM WINDOW:

This  window views each’s latest data  and its graphical representation.
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             Fig.15:   Graphical representation of reading of channel

3.3.6  SPREADSHEED  WINDOW
It loads a replay file one row per timestamp , one column per channel. Then manipulate the data, save it in variety of format or export it directly to Microsoft Excel.
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                            Fig. 16:    Spread Sheet  Window to unload data

3.4  CRITERIA FOR SELECTION OF SENSOES

The choice of the instruments and sensors is governed by several factors like     
· Suitability for embedment in concrete.

· Ruggedness for on site handling and installation

· Long term stability.

· Degradation of the output signals over long cable.

3.5 REMOTE MONITORING SYSTEM
Presently ,any monitoring needs transportation of devices to the specific site, each time the structure needs to be monitored. Now remote monitoring techniques have been developed using telephone modems and radio links. The sensors can be auto – triggered and the data can be collected at remote host computer. All sections log data independently of each other and do not obstruct each others data logging locally or at remote monitoring server. This real time monitoring of the structure can be achieved by the two strategies used for remote data collection.

Here a remote control wireless system based on radio modem is used for the control of data acquisition system. It includes a remote PC and master modem at the field as shown in fig.17. This system can control data acquisition system within five kilometers using wireless modem . However using telephone modem on either side i.e. at the remote control site and site office where the instrumented section is located, the data acquisition system can be controlled from anywhere in the world.
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                              Fig. 17 :   A Remote Monitoring System

3.5.1  PASSIVE MONITORING
In this the host computer is commanded by bridge inspector. The inspector calls the bridge and downloads the data, interprets it and then makes decision about the health of bridge. This wireless technology is used in Palam drain Dwarka project in CRRI and is vendor by Aimil Ltd., New Delhi.

3.5.2  ACTIVE  MONITORING
This is also called as smart bridge concept. In this host computer calls the bridge and collects data automatically and interprets it. The intelligent software interprets this data and if any significant findings are seen then calls the inspector. This technology is used in Michigan Street Bridge, Sturgeon Bay’s in 1995. The scheme implemented in this case is shown below in figure    .
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                                        Fig. 18 : Active  Monitoring
In both the systems above, the sensor data is collected continuously at a specific scan rate and is automatically transferred to remote computers. This wireless technology achieves continuous monitoring of a structures while reducing the volume of data and power consumed, thus increasing the increasing the life span of instruments. This solution converts the technology into benefits by reducing the project implementation time, saving the cost of wires for connectivity , reducing the maintenance cost by eliminating the need to repair snapped wires, reducing the skilled and semi-skilled man power requirement.
3.6 DATA SETS AND INTERCONNECTION REQUIREMENTS

Data sets or modems are used to interface digital source and sink equipment to interconnecting circuits. The modem at transmitting station changes the digital output from a computer or business machine to a form which can be easily sent via a communication circuit, while the receiving modem reverses the process. Modems differ in rate of data transmission, modulation methods and bandwidth, and standards have been developed to provide compatibility between various manufactures equipment and systems.

3.7    MODEM CLSSIFICATION 

The name modem is contraction of terms Modulator ; as the name implies, both functions are included in a modem. When used in transmitting mode , the modem accepts digital data and converts it to analog signals for use in modulating a carrier signal. At the receive end of the system, the carrier is demodulated to recover the data. Modems are placed at both ends of the communications circuit as shown I  Fig.19.
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                     Fig. 19 :  Communication circuit using modem
 3.8      MODES OF MODEM OPRATION
Modems are described in several ways, one distinction between modems being mode of operation. A data which provides transmission in only one direction is referred to as operating in the simplex mode . This type of data set set uses only one transmission channel, so that no signaling is available in the direction from the receiver to the transmitter. This is an economical method of data transfer , but it is very limited in its application ; it clearly does not accommodate error correction request for retransmission.

Some modems provide for data transfer in both directions, but the data flow takes turns, with flow in one direction at a time and in opposite direction at a second time . This type of modem operation is referred to as half-duplex; it requires only one transmission channel , but the channel must be bidirectional. Some economies result from half- duplex operation, but speed of transmission is reduced because of the necessity of the sharing the same circuit and waiting while the transmission circuit components accomplish turnaround.

Full duplex operation permits transmission in both directions at the same time. Two circuits are required, one for each direction of transmission. Modems are placed at each end of the circuits to provide modulation and demodulation.

3.9            MODEM INTERCONNECTION 
Modems differ according to the method of  interfacing with the communications circuits. If the circuit is a short and dedicated line, a limited distance modem can be used. This type of modem can be relatively simple in its circuitry since it does not have to drive a line which utilizes switching systems and line control devices such as eco suppressors.

The majority of data circuits utilize telephone channels provided by public carriers. These channels generally pass through a switching facilities and are provided with equipment designed to enhance the use of the channel for voice applications. This type of equipment is not designed specifically for data transmission , so that the modems must be designed to compensate for any inedequecies of the voice – grade channel. Two broad type of modem are available for this type of service, the hard wired modem and acoustically coupled data set.

Hard -  wired modem connects directly to the communication circuit in a semi permanent way . Such modems may be self contained devices which  connect to terminals and business machines, or they  may be incorporated in the business machines. Connected to the communications circuit at all times, the hard wired units can be polled (automatically contacted by the computer) and interrogated at any time. If associated with proper business machines and computers, these modems can send and receive data without human intervention. The one limitation of the hard wired modem is that it precludes mobility since, being hard wired, the equipment must remain connected to the circuit terminals.

The acoustically coupled modem solves the mobility problem. A standard telephone handset can be placed in the foam cups of an acoustic coupler, and the transmitter and receiver sounds will be conveyed to and from the telephone channel by transmit and receive elements of the acoustic coupler. The modern components of the acoustic coupler form an interface with the business machine. Using this device , a person is able to interconnect with any computer system which has dial-up interconnect capability. The portability and ease of connection afforded by the acoustic coupler are obtained at the expense of other capabilities. Since standard telephone are typically used, speed of transmission is limited.

3.10  MODEM DATA TRANSMISSION SPEED 

Modems are generally classified according to the important characteristic of transmission speed as follows:
MODEM CLASSIFICATION      DATA RATE HANDELED    

                                                                       (BPS)

Low – speed                                                   Up to 600     

Medium speed                                                600 - 2400

 High-speed                                                     2400 to about 10,800

All the above modems can operate within a single 300- to 3400-Hz. (4-khz) telephone channel. As speed increases beyond approximately 19,00 bps, a wideband modem is needed, as in a wideband channel. Wideband circuits are available, generally in multiples of 4- khz. Telephone channel. 

3.11  MODEM MODULATION

Modem utilize various types of modulation methods, the most common being frequency Shift keying, which shifts carrier frequency to indicate a carrier frequency to indicate mark or space. Encoded data can be transferred through communication systems designed for voice transmission because frequency shift is limited to the 4kilowatt bandwidth of the voice grade channel. The FSK signal is also analog in nature, enhancing its compatibility with communication circuit.

3.12    MODEM INTERFACING
RS-232 interface  has been defined by the electronic industries association (EIA) to ensure compatibility between data sets and terminal equipment . The interface uses a 25 pin canon or klinch plug where each of the 25 pins has been given a specific function by EIA. The RS 232 interface specification limit the interconnecting cable to a length of 50 meter. 
CHAPTER 4

METHODOLOGY

4.1     METHODOLOGY FOR LOAD MEASUREMENT

1. An alluminium beam having cross section of hollow box (6.4 cm X 3.8 cm and 2 mm thick ) and  75 cm in length is instrumented  at both the ends with electrical strain gauges in a rosette form in 90 degree as shown in Fig.9(a)  and Fig. 9(b).
2. All these strain gauges have to be connected in such a way in full bridge circuit to give cumulative effect as shown in Fig. 2.
3. Strain measurement has been carried out using a data acquisition system as shown in Fig. 10
4. Initial reading to be taken with no load. Then loads of various intensity applied on the beam and strain produced, measured through the data acquisition system as shown in Fig. 20a), 20(b), 20(c) and 20(d).
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                                  Fig. 20(a)   No load condition on the beam 
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                        Fig. 20(b) First Stage of Loading applied on the beam
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                  Fig. 20(c) Second Stage of Loading applied on the beam
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             Fig. 20(d) Second Stage of Loading applied on the beam
5. The calibration factor for bridge circuit have been obtained by repeating the experiment three times for a particular location. Sample data of data taker is given ahead.

6. Loads are applied at mild point, left quarter point and right quarter point and measurements were taken for various loads and calibration factor for each points were calculated as shown in table 1, 2 and 3. The overall calibration factor is 3.656 micro strain per Kg.
7. It is observed that the calibration factor is independent of the load position on the beam.  The calibration factor thus obtained has been used in weighing a 300 mm length concrete cylinder of diameter 100 mm weighing 12.40 kg. Weight obtained by the proposed technique is 12.58 as shown Fig.21  . Thus the described method has been validated.

The method is implemented for measurement of moving loads in highway and railway bridges, in checking the passage of overloaded vehicles over the bridges and so on.
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         Fig. 21 : Weighing of concrete cylinder through shear circuit

4.1.2   MEASUREMENT THROUGH SHEAR CIRCUIT 

Table 1:Load Position at Centre:

Experiment No. 1 :

	S.No.
	Load Applied in Kg.
	Strain Reading(micro strain)
	Strain Produced(micro strain)
	Strain/Kg.
	Average Strain/Kg.

	1
	0
	-317
	
	
	

	2
	8.05
	-288
	27
	3.602
	

	3
	15.4
	-260
	57
	3.701
	3.740

	4
	23.2
	-229
	88
	3.793
	

	5
	31.05
	-197
	120
	3.865
	


Load Position at Centre

Experiment No. 2 :

Load Position at Centre:

Experiment No. 3:

                                                                                            Average strain per kg.=3.661
	S.No.
	Load Applied in Kg.
	Strain Reading(micro strain)
	Strain Produced(micro strain)
	Strain/Kg
	Remark Average Strain/Kg.

	1
	0
	-314
	
	
	

	2
	8.05
	-287
	27
	3.354
	

	3
	15.4
	-260
	54
	3.506
	3.573

	4
	23.2
	-229
	85
	3.664
	

	5
	31.05
	-197
	117
	4.768
	


	S.No.
	Load Applied in Kg.
	Strain Reading(micro strain)
	Strain Produced(micro strain)
	Strain/Kg
	Remark Average Strain/Kg.

	1
	0
	-275
	
	
	

	2
	8.05
	-247
	27
	3.478
	

	3
	15.4
	-220
	55
	3.571
	3.671

	4
	23.2
	-189
	86
	3.706
	

	5
	31.05
	-153
	122
	3.929
	


Table-2  measurement through shear circuit with load position at left 
quarter End (17.2 cm. from left end):

Experiment No. 1 :

	S.No.
	Load Applied in Kg.
	Strain Reading(micro strain)
	Strain Produced(micro strain)
	Strain/Kg/
	Remark Average Strain/Kg.

	1
	0
	-277
	
	
	

	2
	8.05
	-246
	31
	3.85
	

	3
	15.4
	-214
	63
	4.09
	3.899

	4
	23.2
	-186
	91
	3.922
	

	5
	31.05
	-161
	116
	3.735
	


Experiment No. 2 :

	S.No.
	Load Applied in Kg.
	Strain Reading(micro strain)
	Strain Produced(micro strain)
	Strain/Kg/
	Remark Average Strain/Kg.

	1
	0
	-265
	
	
	

	2
	8.05
	-238
	27
	3.354
	

	3
	15.4
	-210
	55
	3.571
	3.634

	4
	23.2
	-178
	87
	3.75
	

	5
	31.05
	-145
	120
	4.864
	


Experiment No. 3:

	S.No.
	Load Applied in Kg.
	Strain Reading(micro strain)
	Strain Produced(micro strain)
	Strain/Kg
	Remark Average Strain/Kg.

	1
	0
	-272
	
	
	

	2
	8.05
	-245
	27
	3.354
	

	3
	15.4
	-217
	55
	3.57
	3.604

	4
	23.2
	-187
	85
	3.663
	

	5
	31.05
	-153
	119
	3.832
	


                                                                                                 Average strain per kg.=3.712

Table-3  Load Position at Right Quarter End (47.6 cm. from left end):

Experiment No. 1 :

	S.No.
	Load Applied in Kg.
	Strain Reading(micro strain)
	Strain Produced(micro strain)
	Strain/Kg
	Remark Average Strain/Kg.

	1
	0
	-239
	
	
	

	2
	8.05
	-210
	29
	3.602
	

	3
	15.4
	-180
	59
	3.831
	3.818

	4
	23.2
	-149
	90
	3.879
	

	5
	31.05
	-117
	123
	3.961
	


 Experiment No 2
	S.No.
	Load Applied in Kg.
	Strain Reading(micro strain)
	Strain Produced(micro strain)
	Strain/Kg/
	Remark Average Strain/Kg.

	1
	0
	-302
	
	
	

	2
	8.05
	-275
	27
	3.354
	

	3
	15.4
	-250
	52
	3.376
	3.508

	4
	23.2
	-220
	82
	3.532
	

	5
	31.05
	-185
	117
	4.768
	

	S.No.
	Load Applied in Kg.
	Strain Reading(micro strain)
	Strain Produced(micro strain)
	Strain/Kg
	Remark Average Strain/Kg.

	1
	0
	-240
	
	
	

	2
	8.05
	-213
	27
	3.354
	

	3
	15.4
	-188
	52
	3.376
	3.465

	4
	23.2
	-159
	81
	3.491
	

	5
	31.05
	-127
	113
	3.639
	


Experiment No. 3

                                                                          Average Strain per kg. =3.597
8. The application of the shear circuit in measuring the axle load has been demonstrated in rails as shown in Fig. 22 and to measure the axle loads  . To calibrate the rail shear circuit a test train of known axle load has been used.The calibration factors obtained 15.8 micro strain per ton is used in weighing the weight of passing trains. Using the calibration factors it is seen that trains with wagons weighing more than 90 ton are passing in many sections.
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                                    Fig.22 :  Strain produced due to test train
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                             Fig. 23  :Shear Circuit in Rail

Table-4: Axle Load  measurement through Shear Circuit 

	S.No.
	Applied              Wheel Load of Test Train        
	Strain Produced due to Wheel Load ((()
	Average value of Strain Produced             ((()
	Applied Wheel Loads        (T)
	Strain Produced      (((/T)

	
	
	1
	2
	3
	4
	5
	6
	Average  (1 to 6)
	
	
	

	1.
	Engine – 1
	170
	181
	162
	152
	173
	154
	166.33
	165.92
	10.25 
	16.19

	 
	Engine – 2
	149
	173
	172
	166
	166
	167
	165.5
	
	
	

	2.
	Fully Loaded BOXN
	173
	190
	190
	166
	
	
	179.75
	180
	11.23
	16.03

	 
	Fully Loaded BOXN
	174
	172
	190
	185
	
	
	180.25
	
	
	

	3.
	Half Loaded BOXN
	104
	104
	82
	72
	
	
	90.50
	90.75
	5.82
	15.58

	 
	Half Loaded BOXN
	89
	100
	89
	86
	
	
	91.00
	
	
	

	4.
	Empty BOXN
	56
	56
	30
	30
	
	
	43
	44
	2.86
	15.37

	 
	Empty BOXN
	45
	45
	45
	45
	
	
	45
	
	
	

	Overall Calibration Factor 
	15.80


4.3   CONCLUSIONS AND RESULTS

 4.3.1 CONCLUSION  It is observed that the calibration factor is independent of the load position on the beam, as the factor obtained at various location of the beam are almost same. Weight obtained by the proposed technique is almost same as measured in other weighing machine directly. The Remote Monitoring System used in the project can be used for measurement of moving loads in highway and railway bridges, in checking the passage of overloaded vehicles over the bridges. The similar technique can also be used to develop an alarming system for maintenance of bridge so as to adopt remedial measurement at an appropriate time.
4.3.2   OUTPUT OF DATA ACQUISITION SYSTEM DURING MEASUREMENTS( AT CENTER OF BEAM)
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4.3.3 OUTPUT OF DATA ACQUISITION SYSTEM DURING MEASUREMENT OF A CYLINDER (VERIFICATION OF SHEAR CIRCUIT RESULS)
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