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2.10.1 GENERAL  
 
Various testing techniques can supplement visual inspection 

methods and provide the movable bridge inspector with a 
quantitative assessment of various structural, mechanical, 
hydraulic or electrical components.  

Reference 9 contains discussion on the use of numerous test 
methods for structural investigations of bridges. The intent of 
this chapter is to discuss specific uses for selected tests, which 
require additional care when performed on movable bridges, 
and to discuss other tests, which apply to the mechanical, 
hydraulic, and electrical systems on movable bridges.  

The following items should be considered when scheduling 
tests for movable bridges:  
• Contamination from oil or other chemicals typically present 

on movable bridges is likely to affect results of some tests 
such as magnetic particle or concrete chemical tests.  

• Concrete for counterweights often contain heavy metallic 
aggregates, which may interfere with magnetic, electrical 
resistance, and radiography tests.  

• Selection of location for removal of concrete cores, steel 
coupons, and timber samples for material testing should 
consider machinery loads, temporary loads which may be 
imposed by maintenance or rehabilitation activities, and 
movable bridge operating loads.  

 

 C2.10.1  
 
The AASHTO Manual for Bridge Evaluation 

(Reference 9) contains an extensive discussion 
of the use of various nondestructive test 
methods for concrete, steel, and timber. These 
methods are applicable to movable bridges. It 
is assumed that persons involved in inspection 
of movable bridges have access to Reference 9 
and therefore the tests discussed therein are 
not repeated in this section. For convenience, 
a list of the test methods discussed in 
Reference 9 is presented in Table C2.10.1-1.  

In addition to the nondestructive testing 
methods, Reference 9 also contains a list of 
standard material sampling methods and tests. 
For convenience, the tables provided in 
Reference 9 are reproduced in this section 
(Tables C2.10.1-2 through C2.10.1-6). The 
provisions of Chapter 4 in Reference 9 also 
apply to movable bridges. 
 

2.10.2 ULTRASONIC INSPECTION OF SHAFTS 
AND GEARS  

 
Ultrasonic testing of steel or iron machinery shafts or large 

spur gears can be performed longitudinally, radially or at 
various angles to those directions to locate cracks, forging 
flaws, and other interior defects in the material that may result 
from fabrication, stress or impact. Special attention should be 
focused at locations of abrupt changes of geometry (stress 
risers) which can initiate and propagate fatigue cracks.  

Longitudinal testing of shafts should generally be done from 
both ends to provide detection of flaws in "shadow" areas 
outside the ultrasonic beam spread due to stepped shafts or 
other cross sectional variations.  
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Table C2.10.1-1 – List of test methods discussed in Reference 1 

 
 

Table C2.10.1-2 – Standard ASTM and AASHTO methods for material sampling (Table 4.3-1 in Reference 1) 
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Table C2.10.1-3 – Standard ASTM and AASHTO test methods for steel for the use in the laboratory (Table 4.4-2 
in Reference 1) 
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Table C2.10.1-4 – Standard ASTM and AASHTO test methods for concrete for use in the laboratory (Table 4.4-1 
in Reference 1) 

 
Table C2.10.1-5 – Standard ASTM and AASHTO test methods for timber for use in the laboratory ( Table 4.4-3 in 

Reference 1) 
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Table C2.10.1-6 – Other applicable standards ASTM methods and Specifications 

 
 

2.10.3 INTERNAL INSPECTION OF 
COMPONENTS  

 
Several instruments which can investigate the internal 

condition of mechanical, electrical and hydraulic components 
include:  
• Flexible endoscopes (fiberscope) with articulating insertion 

tubes and rigid borescopes with rigid insertion tubes can 
provide visual images within motors, brakes, bearings, 
enclosed gearing or other difficult access areas where 
internal inspection is required. Fiberscopes and borescopes 
can be coupled to a video camera and their images 
displayed on a TV monitor. The benefits of this display 
include group study and evaluation of images.  

• The electronic stethoscope is a portable listening device for 
pinpointing machinery noise. Gear and pump noise, 
operation of relays and solenoids are just a few of many 
noises that can be traced, amplified and assessed with this 
device.  

 

  

2.10.4 APPLIED AND RESIDUAL STRESS 
MONITORING  

 
Local strain measurements can be made for a quantitative 

evaluation of the stress state and loads on components, gears, 
and shafts. Various strain sensing methods are available for 
field applications including electrical or vibrating wire strain 

 C2.10.4  
 
 
Temperature, humidity, and prolonged 

exposure to adverse conditions should be 
considered when selecting gauges, adhesives 
and connectors for field applications.  
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gauges, and brittle coatings.  
Electrical resistance or vibrating wire type strain gauges can 

be used to determine the range and magnitude of applied 
stresses for the purpose of a load or fatigue evaluation. Brittle 
coating techniques can be used in selecting locations for strain 
gauges on components with unusual geometry by indicating 
regions of high surface strain.  

Although shear strains are not measurable with ordinary 
strain gauges, gauges with specially designed shear pattern 
configurations provide measurements that can be used to obtain 
shear strain data (Reference 145).  
 

 

2.10.5 LEAF OR SPAN BALANCE  
 
Leaf or span balance can change over time due to dirt, debris, 

deterioration, component wear, or alterations in structure. A 
poorly balanced bascule or lift span can put excessive loads on 
all machinery and electrical components. Balance of swing 
spans does not generally affect drive system loads, but other 
factors such as mechanical damage or a rim bearing track which 
is not horizontal can adversely impact the drive system. The 
same test methods given for checking span balance can be used 
at the owner’s option to test swing spans for unusual load 
effects on the span drive. Testing should be performed to check 
span balance during all routine inspections. Strain gauges 
placed on the surface of the component measure the strain 
relaxation of the material as the hole is drilled near the gauges. 
This method may only be used if it is acceptable to create a hole 
in the test location. In many cases, making a hole is 
unacceptable due to the deleterious effects on the fatigue life or 
strength that such a hole will cause on the component.  

The following subsections describe several methods of 
checking span balance. Span balance measurement is affected 
by external forces and loads such as strong wind, snow, rain, or 
icing. Hence, the tests should be conducted when these external 
forces are not present. 
 

 C2.10.5  
 

Theories on the best balance condition vary 
among Owners. In the absence of a stated 
preference, the Inspector shall refer to the 
suggested balance conditions in the latest 
version of the AASHTO LRFD Movable 
Highway Bridge Design Specifications, 
Section 1.5, Balance and Counterweights. 

 

2.10.5.1 Checking Static Balance  
 

The initial check of bascule leaf or lift span balance can 
sometimes be performed by lifting the leaf (or operating the 
span), engaging the brakes, slowly releasing the brakes, and 
checking drift. The test should be done at the 1/3 and 2/3 open 
positions. The drift indicates qualitatively whether the bridge is 
span heavy or counterweight heavy. This method should be 
used only under no wind, water, snow, or ice loads, and should 
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only be performed under close supervision by qualified 
mechanical or electrical inspectors or maintainers.  
 
2.10.5.2 Checking Balance by Motor Power 
Measurement  

 
Measuring the operating power (amperage) of the motor 

during opening and closing can provide a relative indication of 
span or leaf balance. This method is the easiest method to use 
and is preferred during routine inspections. The rule-of-thumb 
for adequate balance (toe-heavy) is when opening/closing 
motor current are within 10 percent of equal. However, this 
technique does not allow for a direct correlation between 
observed readings and the required amount and necessary 
location of balance weights needed to restore leaf balance, and 
requires a trial and error approach. This technique should not 
be used if the motors are driven by VFD, SCR, or Vector drives 
since the readings will not be accurate unless specialized 
metering equipment is used. 

If the operator's console has amperage gauges, it may be 
possible to determine motor amperage by turning off 
unnecessary electrical devices (heaters, air conditioners, 
incinerating toilets, etc.) and operating the span while watching 
the ammeter. During span operating, when the only item 
drawing power is the drive motor, the gauge reading will be the 
drive motor amperage. The problem is that for some systems it 
is difficult to be certain that no other component is  
drawing power. However, it may not matter if other items (such 
as motor brakes) are drawing current if they draw the same 
current opening and closing. Therefore, the basic concept of 
measuring motor amperage to determine span balance of a 
bascule or lift-span and to verify that a swing-span is rotating 
in a horizontal plane is that the motor effort (as represented by 
amperage or hydraulic pressure) should be similar during 
opening and closing. One quick and easy way to check span 
balance is to compare drive motor amperage at a steady running 
speed during opening and closing for several cycles. This can 
also be done with hydraulic pressure readings for hydraulic 
systems.  

It is important to note that wind or the presence of sand, water, 
snow, or ice on the span or on the bascule leaf can affect span 
balance results and that when electric motors are 
motor/generators, they can generate current flow when being 
pushed by outside forces such as imbalance or wind, thereby 
skewing readings. For systems without ammeters installed, 
portable magnetic induction ammeters are available at low cost 
which can be employed for testing.  

 C2.10.5.2  
 
 

A recording wattmeter measures power 
directly and may give a better indication of 
opening power vs. closing power. Power 
measurements take friction loads into account 
directly. 

This technique should be used sparingly 
since it can be very inaccurate especially with 
variable speed drives. It should never be used 
for final balance condition determination. 
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Electrical testing with inductive hand held ammeters requires 
opening electrical panels and should only be done by properly 
trained personnel and in conformance with all federal, state and 
local regulations and the National Electrical Safety Code 
(Reference 127).  

 
2.10.5.3 Strain Gauge Balancing  

 
Strain gauge balancing is a technique that provides an 

accurate means of establishing the balance of a bascule span 
leaf or lift span. In this technique strain gauges are attached to 
the main drive shaft to measure the torsion strain induced in the 
shaft during bridge opening and closing (see Figure 2.10.5.3-1). 
A relationship is established between unbalance torque of the 
shaft and bridge opening position. Based on this information 
counterweight blocks can be subtracted or added as required to 
achieve an optimum relationship between the shaft torque and 
bridge opening position. Correct balance is achieved when a 
slightly toe heavy leaf (or span heavy span) requires a small 
amount of positive torque to open and the CG is located as 
desired by the owner such that acceptable imbalance torque is 
maintained throughout operation. A detailed discussion of this 
technique is provided in Reference 61.  

The typical test procedure for strain gauge testing is as 
follows:  
• Special shear pattern strain gauges are used to read 

torsional shear in the main drive shafts for the pinion on a 
bascule or for the main winch drum drive shaft on a lift 
span.  

• An inclinometer is used on a bascule to relate strain 
readings to span angle in real time. On a lift span, the span 
position is somewhat more problematic to read directly, but 
it is possible to do so by adding a voice track to the data 
record and having someone call out span position at 
intervals. It is also feasible to use a wire reel type position 
transducer if the wire is wrapped around one of the drive or 
trunnion shafts that do not turn excessively. The main tower 
sheave trunnion shaft or a main winch drum drive shaft may 
suffice if a wire reel position transducer is available that 
will allow sufficient movement. One method to reduce the 
length of wire used is to apply the wire to the shaft at 
halfway open. The wire then wraps around the 
circumference of the shaft one way from halfway open to 
closed. The position transducer then shows the distance a 
point on the shaft circumference travels in each direction of 
shaft rotation from halfway open and can be 
mathematically related to span position.  

 C2.10.5.3  
 

A monitoring and recording system, usually 
referred to as a data acquisition system (DAS), 
can be interfaced with shaft mounted strain 
gauges for purposes of continuously 
monitoring leaf balance. Such a system can be 
provided on new movable bridges or as a 
retrofit on older bridges. The strain gauges 
provide precise strain measurements at 
predetermined intervals to the DAS during 
both opening and closing operations. The 
strain measurements can then be visually 
displayed or produced in hard copy (printout) 
form for detailed analysis by the inspector or 
engineer. MSDOT requires at least four 
complete opening and closing cycles as part of 
the testing.  
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• Torque strain gauge readings are established by calibration 
and recorded for each gauge.  

• The system is run through not less than two full cycles of 
span opening and closing and the data analyzed to compute 
whether the bridge is out of balance, and if so by how much.  

• The amount of imbalance is used to calculate adjustments 
to the counterweights to bring the bridge into an acceptable 
state of balance.  

 
Figure 2.10.5.3-1 – Strain gauge of drive shaft torque 

 
2.10.6 VIBRATION MEASUREMENT  

 
The operating condition of rotating machinery that has been 

in service and performing satisfactorily for a reasonable period 
of time can suddenly change. Experienced bridge operators can 
usually detect the initial variation in performance by the sudden 
change in normal noise level or vibration. Periodic vibration 
measurement can provide a means of verifying the operating 
performance of rotating machinery and give advance warning 
of any changes in mechanical condition.  

Vibration is readily distinguishable since it can be heard and 
felt, and its effects can be routinely measured by using a 
compact, battery powered vibration meter (Figure 2.10.6-1). 
Vibration measurements are obtained by holding the probe 
against the vibrating surface and observing the meter reading.  

 C2.10.6  
 
Standard motors are not designed for use 

where there is excessive vibration. Excessive 
vibration is undesirable because it imposes 
additional loads on the equipment or initiates 
fatigue cracks in machinery supports or 
fasteners. If the cause is not detected early and 
corrected, extensive damage can occur. Rough 
bearings can cause a machine to perform 
poorly and vibrate. Vibration adversely affects 
commutation on DC machines, destroys 
brushes on a wound-rotor motor and 
eventually loosens coils and hardware.  

Changes in audible noise level or an 
increase in vibration can be caused by many 
factors. The most common is defective 
bearings. If the vibration level of the motor 
increases, test the housing close to the bearing. 
If hot to the touch, it would be advisable to 
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Figure 2.10.6-1 – Battery-powered vibration meter 

 
Vibration by definition is an oscillatory motion, and one of 

the factors needed to evaluate the extent of motion is the 
distance traveled, or the excursions occurring at each cycle. The 
amplitude of motion is usually expressed in mils “peak to 
peak.” Example: a 0.001 in. (0.0254 mm) excursion in one 
direction is actually 0.002 in. (2 mils) (0.0508 mm) “peak to 
peak” amplitude. Therefore, in general usage the word 
“displacement” describes “peak to peak” motion.  

Acceptable vibration limits for standard motors are taken 
from NEMA MGl-12.05, MGl-20.52 and MGI-23.51 as 
follows:  

 
Speed RPM Acceptable Displacement in. (mm) 
3,000–4,000 0.001 (0.0254) 
1,500–2,999 0.0015–0.002 (0.0381–0.0508) 
1,000–1,499 0.002–0.0025 (0.0508–0.0635) 
999 and below 0.0025–0.005 (0.0635–0.127) 
 

remove the motor from service and inspect the 
bearing.  
 

2.10.7 LUBRICATING OIL ANALYSIS  
 
Lubricating oil and/or grease analysis is used to determine the 

condition of lubrication used in mechanical equipment. Typical 
tests that can be conducted include:  

• Viscosity  
• Contamination  
• Solids content  
• Particle count  
• Oxidation  

 C2.10.7  
 
In selecting a lubricating oil analysis 

method, the limitations of each test should be 
considered. Often more than one test method is 
used to supplement or confirm the results of the 
other.  

Many manufacturers have developed 
synthetic oils, and most manufacturers provide 
free annual testing. 
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Additional testing methods which can be performed on 
lubricating oil include:  
Spectrographic analysis: Spectrographic analysis provides a 
chemical breakdown of the oil additives and contaminants 
contained in the oil. The various elements found can be 
classified as oil additives, contaminants, or wear metals.  
Wear particle analysis: Wear particle analysis is similar to 
lubricating oil analysis but can provide direct evidence on the 
wearing condition of the mechanical component. By deriving 
information from the particle shape, size, composition and 
quantity, various types of wear classifications can be obtained. 
The benefit of this analysis is achieved by taking periodic 
samples of the lubricating oil and comparing the amount of 
trace elements. This comparison can provide a relative 
indication of wear patterns in the mechanical components and 
help prevent machinery failure.  
 
2.10.8 ELECTRICAL MEASUREMENT  

 
Measurement of basic electrical parameters, such as voltage, 

current, resistance, and motor speed and temperature can be 
made using commonly available devices. Several measuring 
devices and their uses include:  
Multimeters: Multimeters measure volts, amperes or ohms 
using one instrument. Portable multimeters are available with 
either analog or digital readouts for DC or AC measurements.  
Motion indicators (RPM testers): This test equipment is used 
to measure the rotational speed of a motor or other rotating 
device. Some incorporate a strobe light to synchronize with the 
speed of rotation of the device. When properly synchronized, 
the strobe light will give the impression that the rotating device 
has stopped moving. The inspector should resist the temptation 
to touch the rotating device when it appears to be motionless.  
Clamp-on Ammeter: A clamp-on ammeter measures currents 
by clamping around a current carrying conductor, when it is not 
practical for conventional instruments to be connected in series 
with the circuit (Figure 2.10.8.1).  
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Figure 2.10.8-1 – Clamp-on ammeter 

 
Infrared thermometers: Infrared thermometers (Figure 
2.10.8-2) provide noncontact temperature measurements to spot 
problems in electrical, hydraulic, and mechanical systems.  

 
Figure 2.10.8-2 – Infrared thermometer 

 
2.10.9 ELECTRICAL INSULATION RESISTANCE 
TESTING  

 
Insulation testers impress a high voltage between a conductor 

and some return path, most commonly ground, and measure 
insulation resistance to ascertain the quality of the insulator. 
Insulation testers can generate a very high voltage and care in 
use should be exercised. A good cable or motor can be 

 C2.10.9  
 
 
Because insulation resistance changes with 

equipment, age, and operating environment, 
no specific resistance can be given for an 
absolute minimum value. The best way to 
evaluate insulation is to record the megger test 
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permanently damaged if too high a voltage is used to test an 
insulator. The insulation tester voltage level setting must be 
adjusted to be compatible with the voltage rating of the circuit 
or equipment to be tested. After each test is completed, make 
sure that the circuit tested is discharged to earth for a sufficient 
amount of time to confirm that no hazard exists to personnel or 
equipment.  

The condition of electrical insulation can provide an indicator 
of the remaining service life that can be expected from aging 
electrical equipment. Insulation condition can be measured by 
two general methods: low voltage, low power testing or high 
voltage, high power testing.  
Low Voltage Megger Testing: A megger is a portable, low 
voltage DC supply, calibrated to read insulation resistance in 
ohms or megohms (million ohms), as in Figure 2.10.9-1. The 
hand crank type has voltage outputs of 500 and 1000 volts DC, 
and a motor driven unit can generate 2500 volts DC. Newer 
hand crank models have continuity checking capability built 
into the megger, increasing its usefulness to maintenance and 
inspection personnel.  

 
 

 
Figure 2.10.9-1 – Megger 

results and plot this data on a curve over a long 
period of time.  

Figure C2.10.9-1 shows two sides of an 
equipment insulation test record. One side is 
the data record, and the other side shows the 
data plotted on a log scale versus time. In this 
example. the owner of the 200 Hp (150 kW) 
wound-rotor motor has elected to test the 
insulation every two months, which is more 
frequent than would normally be done for 
movable bridge insulation. The data is useful 
to show the break-in period on a wound rotor 
motor and the effects of cleaning. The test 
instrument is a megger with 1000 volts output 
and the results have not been corrected for 
effects of atmospheric conditions. Some error 
is present because of this method, but these 
tests are made during periods of low humidity 
and at about the same temperatures. Note the 
point where an unusually low value of 
resistance was obtained in January 1995. This 
low reading indicated that dirt and or moisture 
was present on the motor insulation. The 
maintainers were alerted to a possible problem 
and the motor was cleaned thoroughly. 
Retesting after cleaning increased the 
insulation resistance to a level that appears 
normal on the chart. Note that the insulation 
resistance is well above the minimum 
acceptable level. 1f the variation in the 
resistance values had been disregarded, no 
specific trouble would be indicated until the 
resistance dropped to a very low level. At low 
insulation levels, failure is likely to occur 
because of flashover from contamination or a 
turn-to-turn failure. However, on some 
equipment the insulation resistance is 
normally low, even below the minimum 
resistance value obtained by the rule of thumb 
method described above. 
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Figure C2.10.9-1 – Typical insulation test record 

 

 
Figure C2.10.9-2 – Multi-voltage test for moisture presence in insulation 
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The DC megger provides an easy, quick method for checking 
the insulation resistance of low voltage equipment rated 1000 
volts or less. By connecting the megger “line” terminal to the 
circuit conductor and the “earth” terminal to ground, the 
megger will read resistance of the insulation to ground. The 
megger is also used in a power circuit to check phase to phase 
insulation resistance. To do this, the “earth” terminal is 
connected to one of the phase conductors instead of ground. The 
reading is taken after the megger is cranked by hand, or turned 
by the motor, for at least 30 seconds. If a hand cranked megger 
is used, it must be turned continuously at an even speed. The 
DC charging current produces a low insulation reading as the 
insulation charges up (like a capacitor). As the charging current 
decreases, the megohm reading will increase at a slower and 
slower rate and finally level off. At this point, the charging 
current is near zero and the conduction current flowing through 
the insulation produces the resistance reading on the scale. 
When the meter has a steady reading, the resistance shown is 
the resistance of the insulation between the two megger 
terminals at the applied test voltage. It should be noted that 
changing the megger testing voltage can produce different 
resistance readings. Whenever a megger test is made, all 
pertinent data should be recorded, including the time of day, the 
date, the test voltage, temperature and humidity. Temperature 
and humidity influence megger test results.  

All tests on a specific item of equipment should be at the same 
voltage and under comparable atmospheric conditions. By 
controlling the test, the results obtained will provide a better 
comparison of the actual condition of the insulation. Normally, 
the plotting of the individual test results produces a gradually 
changing line. When a new test result deviates substantially 
from the normal trend, the insulation is headed for trouble. 
Contamination or oil leakage into the equipment can create a 
coating on the insulation. Moisture will develop and penetrate 
the insulation, producing changes in the resistance. 
Contamination on the insulation can provide a creepage path 
between insulated and non-insulated conductors and ground, 
creating a dangerous situation.  

Maintenance cleaning procedures usually minimize 
contamination, but if equipment is not maintained properly and 
insulation values change, the test data curve becomes a valuable 
way to identify sudden drops in resistance that signal the 
possible onset of a problem.  

What minimum normal values of insulation resistance are 
acceptable? There is no specific answer to this question, but 
general practice accepts one megohm per thousand volts of 
operating voltage, with a minimum of one megohm. This rule 
of thumb is fairly uniform for megger testing.  

 Another method of testing insulation using 
the megger provides specific information 
about moisture in the insulation. By testing the 
equipment at three different voltages during 
the test, and plotting these three values, a 
straight horizontal line should result. If the line 
tends to curve downward, this indicates that 
excessive moisture is probably present. Even 
two test voltages can provide some indication 
that excessive moisture is present. The lower 
second test data will indicate moisture is 
present if it deviates substantially from the first 
test data point. Figure C2.10.9-2 shows these 
two conditions graphically. Note that the 
insulation resistance is shown only as 
megohms. The lack of specific values is not 
significant because of the wide range of 
insulation resistance values with the type of 
equipment and conditions. The minimum 
resistance rule of thumb is still valid, 
regardless of the shape of the curve. 
Equipment that is below these minimums 
should be reconditioned before being put back 
into service.  
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High voltage DC testing: Equipment operating above 1,000 volts 
requires higher testing voltages to obtain meaningful results. Fairly 
compact high voltage DC testing equipment is available for these 
tests. Supplied from 120 volt alternating current sources, some 
units can provide a test voltage of 150,000 volts. However, lower 
rated units are more than adequate for testing the majority of 
equipment encountered today.  

One non destructive test being applied today is called a 
leakage voltage test. In this leakage test, a dielectric absorption 
test is made at a reduced voltage and followed immediately by 
an incremental overpotential test. The dielectric absorption test 
measures the leakage current flowing into the insulation 
(absorption) at specific time intervals for a period of ten 
minutes. This absorption test is applied at a constant voltage, 
usually about 40 percent of the highest test voltage to be 
applied. These currents (measured in milliamperes) are plotted 
versus time on log-log paper. The resulting curve is then 
compared to standard curves to determine the absorption ratio. 
This ratio is an indicator of insulation condition. Repeated tests 
over time provide indication of changes in insulation condition. 
The absorption test is normally followed immediately by step-
voltage increases to the highest test voltage allowable. The 
amount of voltage increase to make at each step, and the time 
interval of each step, is determined from the absorption test data 
just obtained. The final test is called an overpotential test 
because the test voltage is normally higher than the operating 
voltage of the equipment. This maximum voltage is preferred 
to be chosen by an electrical engineer, but can be determined 
from the following formula:  

 
 Vt = (2Vo + 1000) (1.6) 

where:  
Vt = Test voltage  
Vo = Rated operating voltage  
1.6 = Conversion factor from AC to DC  
 

A reduction in the test voltage normally used for “in service” 
equipment is also preferably selected by an electrical engineer, 
but it is usually 60–75 percent of the value obtained from the 
formula above. Any large deviation of individual data points 
from the line indicates insulation trouble.  
High voltage AC testing: AC high voltage testing equipment 
is always larger than the DC high voltage test equipment 
because of higher power requirements.  

AC high voltage is used for a dielectric power factor test 
because the results obtained measure the power factor of the test 
voltage and current applied to the insulation. The chief 
advantage to this type of test is that coil insulation can be 
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compared without dismantling equipment or destroying the coil 
insulation. With special techniques, transformer windings can 
be tested to indicate “turn-to-turn” insulation condition. This 
test is principally used on high voltage units.  
 
2.10.10 TESTING TRANSFORMER INSULATING 
OIL  

 
Dielectric strength is defined as the capability of an insulating 

oil to resist current flow through the liquid. Insulating liquids, 
mineral oils and synthetic oils (askarels) provide adequate 
dielectric protection only if they are clean and dry. Moisture and 
contaminants can reduce their dielectric strength. Dielectric 
strength is determined by obtaining samples of the oil for 
laboratory testing.  

The dielectric laboratory test only determines the present 
condition of the oil. Comparing test results over a prolonged 
period of time will establish the trend of oil deterioration, and a 
projection of the likelihood of probable failure can be made 
with reasonable accuracy.  

To make a dielectric test, uncontaminated samples of the 
insulating oil must be taken from the tank. Use clean, dry bottles 
to collect samples.  

Generally speaking, as the operating voltage increases on 
equipment using insulating liquids, the minimum dielectric 
breakdown voltage increases. For bridge application where 
applied voltage supplies rarely exceed 4160 volts, some 
minimum value can be established. For new mineral oils, a 
minimum breakdown voltage of 30 kV using the ASTM (D897-
82 (1994)) method can be applied. For used mineral oil, a 22 kV 
minimum, breakdown limit is usually the lowest acceptable 
value before reconditioning is required.  

Synthetic oils (askarels) usually withstand higher dielectric 
breakdown voltages than mineral oils. However, the same 
limiting set for mineral oils above can be applied as a minimum 
standard for synthetic oils.  

Acidity testing of insulation oils: Oxidation of the oil occurs 
naturally during operation and is accelerated by electrical 
arcing within the liquid. The arcing can be a normal occurrence 
from the operation of an oil circuit breaker, or it can be an 
exceptional occurrence from a fault condition causing a 
flashover in a transformer.  

As oxidation occurs, sludge is produced and accumulates on 
the insulation. A reduction of heat transfer results and 
eventually insulation can fail due to overheating. Therefore, it 
is important to know if sludge build up is occurring and to what 
extent.  

  
C2.10.10  

 
 
Caution: PCBs (askarels) are hazardous if 

they contact human skin. Only trained 
personnel wearing appropriate protective 
gloves, face shield, and protective clothing 
should be allowed to sample askarel based oil 
or oil of unknown composition. Spillage of 
askarel oils are a potential hazard and require 
special cleanup and decontamination 
measures. Only personnel trained in such 
cleanup measures should be permitted to 
handle askarel sampling or transport.  

Additional tests on insulating oils include 
chemical tests, gas tests, viscosity and 
interfacial tests. These tests are more involved 
than the dielectric test, and require a 
specialized testing laboratory. These tests can 
provide a thorough analysis of the insulating 
oil condition. 
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Because oxidation produces sludge and other residues, an 
acidity test can be made to detect these substances. By 
measuring the amount of neutralizer required to neutralize (or 
cancel out) the acid produced in the oil, an indicator is obtained 
that is directly proportional to the oxidation level of the oil. This 
neutralization number (acidity number) is the amount (in mg) 
of KOH (potassium hydroxide) required to neutralize one gram 
of oil. As a general rule, when the neutralization number 
reaches 0.6, the oil should be replaced. Usually when the 
number reads 0.3 or 0.4 at the most, the oil should be treated to 
remove the sludge and residues. Some engineers consider the 
0.6 number to be too high, particularly on large power 
transformers. It is preferred to use periodic testing to determine 
if the acidity level is increasing at a rapid rate. Acceleration of 
the rate of increase in acidity usually occurs when the acidity 
level goes above 0.3. Large quantities of oil are usually 
reconditioned before being put back into service, but 
occasionally, new oil is cheaper and there is less inconvenience 
involved.  

An acidity test is usually done as part of a complete chemical 
test on insulating oil. Other chemical tests performed are for 
color, specific gravity and moisture content. They can provide 
information, by comparison, for changes in oil condition. 
Cautions and methodology of sampling are as stated for 
dielectric testing.  
Interfacial testing of oil: Measurement of the interfacial 
tension of oil provides the capability of projecting the useful 
life of oil using relatively short duration testing procedures.  

Interfacial tension is the bonding together of molecules, a 
characteristic that holds the liquid together. For example, water 
that beads up on a waxed surface is demonstrating the forces of 
interfacial tension in the water molecules.  

Oxidation of oil reduces the interfacial tension of the oil 
molecules. An increase of the oxidation level over a period of 
time produces a decrease in the interfacial tension that can be 
calculated. The interfacial tension data obtained is plotted on a 
log scale against the linear plot of time and a straight line results 
from the data. When the lower limit of tension is known 
(usually set by an electrical engineer) the intersection of the 
straight line with the lower limit results in an accurately 
projected date when the oil will require some type of 
reconditioning.  

The American Society for Testing and Materials (ASTM) has 
prepared a “standard” for the test: Interfacial Tension of 
Electrical Insulating Oils of Petroleum Origin Against Water by 
the Drop-Weight Method. (ASTM Designation D2285-
85(1996)). Samples are sent to a testing facility and a test report 
is prepared and returned. These reports should be kept on file 
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for the specific equipment involved. Comparison of subsequent 
test results and projections can then be made to determine the 
remaining useful life of the oil. 
 
2.10.11 HYDRAULIC SYSTEM TESTING  
 

  

2.10.11.1 Hydraulic Oil Sampling  
 
Regular sampling and testing of hydraulic fluid is a reliable 

method to monitor system performance and to provide timely 
detection of problems or contamination.  

Samples of oil taken from the system should be analyzed 
according to standard ASTM procedures. The degree and nature 
of contamination should be determined. A sample may be used 
to determine the specific gravity, viscosity, water content and 
neutralization number. A change in any of these from normal 
indicates dilution or contamination by water, coolant, 
lubricants, or other fluids. The neutralization number also 
indicates any increase in acidity of the fluid due to a breakdown 
of the oil. These contaminants, which are chemical in nature, 
cannot be removed by filtration. If tests show a high degree of 
such contamination, the oil must be changed.  

Foreign particles in the oil can generally be removed by 
filtration. Filtration is a continuous process as long as the filters 
in the system are functioning properly. External filtration may 
be necessary to remove excess particle contamination from a 
system.  

Particle count and particle identification can help in pin 
pointing trouble with filters, seals, motors, pumps and particle 
contamination.  

From the particle count, the class of contamination is 
determined. ASTM Class 0 through 4 oil is considered to be 
satisfactory for further use with future sampling at the regularly 
scheduled intervals. For Class 5 (or dirtier) oil, all filters should 
be checked and changed as necessary. Careful examination of 
each filter should be made to identify the type of contamination. 
External filtration is also recommended, especially if 
contamination is worse than Class 5. Anything that appears to 
contribute to the contamination should be corrected, and after a 
few days of operation another sample should be taken for 
analysis.  

A particle count is practical for oil samples of Class 6 or 
cleaner. A gravimetric analysis test provides a useful measure 
of contamination for Class 6 and dirtier, but particles are not 
easily identified. Silt indices show an excess of particles below 
5 mm and also varnish formation in the oil. For a high count of 
particles smaller than 5 mm, or a high silt index, external 

 C2.10.11.1  
 
It is also recommended that samples of oil be 

taken and analyzed at maximum intervals as 
follows:  

Step 1: Upon completion of system 
installation (or replacement of hydraulic oil):  
• Take fluid samples while the system is in 

operation and has been running 15 
minutes or more.  

• Always take samples at the same place.  
• Clean the area surrounding the sampling 

valve on the hydraulic system with a 
filtered solvent.  

NOTE: Rags should not be used for 
cleaning, because lint contaminates the oil. 
When wiping is necessary, only lint free wipers 
should be used. Keep the sampling bottles 
absolutely clean and free of any additional 
contaminants at all times.  
• Open the sampling valve and flush a quart 

or two of fluid into a pail, fill the shipping 
bottle with fluid, remove the bottle and 
then close the valve. (Discard the fluid in 
the pail; do not return it to the hydraulic 
system.)  

• Place a 3-inch square of plastic wrap or 
similar material over the shipping bottle to 
seal the opening and screw the cap on 
tightly over this seal for shipping.  

• Identify each sample with the date taken 
and machine serial number. Give the name 
and address of the person who is to receive 
the reports and the returned bottle.  

• Place the bottle with the sample of fluid in 
the plastic bag and seal it. Prepare it for 
shipping by wrapping with corrugated 
paper and placing in a corrugated paper 
container and seal. (Do not pack in saw 
dust.)  

• Label package “Hydraulic Oil Sample.” 



PART 2 – INSPECTION  COMMENTARY 
 

2-271 
©2016 by the American Association of State Highway and Transportation Officials 

All rights reserved. Duplication is a violation of applicable law. 

CHAPTER 2.10 – TESTING AND ADVANCED 
INSPECTION METHODS  
  

  

filtering with 2 mm or finer filters is recommended.  Step 2: Repeat the above procedure after the 
first 3 months of operation.  
Step 3: Repeat the above procedure after one 
year of operation and every year thereafter. 
Should it be necessary to change the oil or 
some major component where the cleanliness 
of the oil may be affected, a sample analysis 
should be made.  
 

 

2.10.11.2 Analysis of Filter Elements  
 
After changing a hydraulic filter element, the old element 

should be cut open and inspected for debris. If excess debris is 
observed or if the filter clogged prematurely, the source of the 
contamination should be located. If the source is not apparent, 
the spent element should be sent to a testing lab for analysis.  

  

 
2.10.11.3 Operating Pressures/Cycle Testing  

 
Operating pressure and cycle testing should be performed 

during routine inspections or after any major maintenance 
activity. System pressures at critical locations should be 
observed and recorded through each phase of the system cycle 
(primary pressure near pump outlet, pressure at each actuator, 
return pressure to reservoir, oil and precharge pressure at 
accumulators, pilot pressures, etc.). Additionally, actuator 
speeds for each phase of the cycle should be documented. By 
comparing this data to specifications and past results problems 
may be identified before they become serious.  

  

 
2.10.11.4 Leakage Testing  

 
Pressure testing for leakage should be performed after any 

major maintenance activity which could introduce leakage 
points. The portion of the circuit to be tested should be isolated 
from the other piping and components. A static pressure test 
should be performed to 150 percent of the maximum design 
operating pressure or to the pressure specified in the system 
testing specifications.  

  

 
2.10.11.5 Case Drain Flow Analysis  

 
Monitoring the case drain flows of rotary hydraulic 

equipment is a good method of evaluating component wear 
which occurs slowly over a long period of time. As a pump or 
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hydraulic motor wears, efficiency decreases and thus internal 
leakage increases. For hydraulic devices with case drains, the 
case drain flow increases accordingly. Furthermore, a higher 
than usual case drain temperature may indicate problems. Case 
drain flows should be measured and recorded. Case drain oil 
temperatures and the corresponding bulk oil temperature in the 
reservoir should be documented. These values should be 
recorded and compared to design specifications and historical 
results.  
 
2.10.11.6 Temperature Analysis  

 
Excess heat is often an indication of a component problem. 

Therefore, periodic temperature analysis is of value in 
identifying potential failures. Skin temperatures of strategic 
working lines and components should be measured, recorded 
and compared to specifications and historical values. 
Temperature strips, infrared remote read thermometers, or 
thermal crayons may be used for this purpose. This test should 
be performed during routine inspections or as required for 
troubleshooting.  

 

  

2.10.12 DIAGNOSTIC MONITORING SYSTEMS  
 
Diagnostic monitoring systems can be incorporated into a 

movable bridge to provide automatic data collection on critical 
operating parameters. The purpose of monitoring is to generate 
a real-time statistical database of the performance of the 
structure under actual operating conditions. This information is 
then compared to normal operating conditions to initiate 
preventive maintenance action if required, or to provide an 
assurance of a normal operating mode. The various operating 
parameters that can be automatically monitored on a movable 
bridge include:  
• Traffic counts  
• Operational hours  
• Span position and span lock pressure 
• Main girder, floor beam, stringer stresses 
• Torque/bridge balance  
• Hydraulic system pressure  
• Oil temperature  
• Gear box/motor vibration  
• Open gear, rack and pinion vibration 
• Open gear corrosion 
• Trunnion angle, shear, sound 
• Live live shoe and span lock contact 
• Drive motor current  
• Channel depth  
• Wind speed  
• Strain  

 C2.10.12  
 
Diagnostic monitoring systems described in 

this chapter fall under the general category of 
predictive maintenance or condition monitor-
ing systems. These terms refer to a program of 
performance monitoring either continuously or 
at periodic intervals to assess the operational 
characteristics of a machine or system. This is 
achieved through the integration of a sensor 
network within the machine or system that 
measures critical operating parameters. The 
sensor network is then linked to a signal 
converter/display unit for collecting and 
processing the raw signals into a form suitable 
for display and interpretation. By comparing 
this data with normal operating 
characteristics, abnormalities in the system 
operation can be detected prior to major 
breakdown.  

Advances in computer data links, diagnostic 
instrumentation and interactive graphic 
displays in recent years offer many new 
possibilities to enhance the data gathered 
during traditional inspections, and can serve 
as an ongoing, daily or periodic monitoring 
system for bridge evaluation or maintenance 
purposes. Such monitoring systems might be 
considered elaborate for movable bridge 
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• Displacement  
 

One of the critical objectives of the monitoring is to develop 
methods and approaches for monitoring of maintenance 
operations. With appropriate measurements, it is important to 
develop methods that can provide information for the engineers. 
The information extracted from the bridge should be easy to 
interpret by the bridge engineers, as well as robust, as 
demonstrated by field tests. As a result, a number of different 
data analysis methods have been developed and demonstrated 
for these purposes, for different monitored components. Some 
of them are outlined in the following sections. 
 

owners, but they offer a possibility to minimize 
downtime, prevent major failures and can 
result in an efficient scheduling of mainte-
nance. Consideration of this type of diagnostic 
monitoring system should be given to 
structures undergoing rehabilitation or new 
structures of unique or advanced design.  
 

2.10.12.1 Gearbox Vibration  
 
When the gearboxes experience deterioration or lack of 

lubrication, some change in the vibration and sound 
characteristics during operation should be noted. Abnormal 
vibration is an indicator of wear in the gears. Accelerometers 
can be used to collect data. Baseline information for gearbox 
accelerometers can be obtained from statistical analysis from 
several opening and closing of the bridge. For each opening 
during this period; maximums, minimums, standard deviation 
and maximum RMS values can be collected and the histograms 
for maximum values and minimum values can be generated for 
handling large amounts of vibration data. In addition, frequency 
domain analysis is also conducted for tracking deviations in 
resonant frequencies. 
 

  

2.10.12.2 Open Gear  
 
Open gears can be monitored by low cost cameras and 

lubrication can be tracked using advanced computer vision 
methods that can be simply employed by bridge inspectors 
remotely. This novel method has been shown to provide 
excellent information about the open gear lubrication (see 
Reference 51). 
 

  

2.10.12.3 Span Lock Pressure  
 
Deterioration or incorrect operation can cause failure, which 

disrupts the function of the bridge. It is possible to install 
pressure gages at the span lock to measure the hydraulic 
pressure of the span lock to detect any leak or other anomalies 
with the pressure applied to span locks. In past studies of the 
statistical analysis of the pressure gage data, it is observed that 
pulling (pulling the lock bar out of the receiver before a span 
opening) and driving (driving the lock bar into the receiver after 
a span opening) pressures are at particular levels specific to a 
span lock. Tracking the mean and standard deviation of these 
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measurements for pulling and driving can provide useful 
information about the span lock operations (REF 52).  
 
2.10.12.4 Advanced Statistical Methods for 
Mechanical Components  

 
A challenge for long-term monitoring of movable bridge data 

is efficiently interpreting the large amount of data. There are 
several advanced, data-driven techniques available for damage 
detection purposes. Previous studies indicate that only a few of 
the available data-driven damage detection techniques remain 
effective when applied to civil structures. Moving Principal 
Component Analysis (MPCA), Moving Cross Correlation 
Analysis (MCCA) and Robust Regression Analysis (RRA) 
have been observed as three of the most reliable data-driven 
algorithms. Other new data-driven approaches, such as the 
combined MPCA- Support Vector Machine (SVM) algorithm, 
are also available. These methods can easily be coded and 
employed to handle large amount of monitoring data along with 
several other methods that are continuously being developed 
and introduced (Reference 52). 
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