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1.0 CHAPTER 1 - TIMBER 

1.1 CHARACTERISTICS OF TIMBER 

Timber is a material made up of cellulose, which is the main constituent of carbohydrate fibre cells 
which are orientated in the longitudinal direction. The cells are cemented by lignin. Since this 
intercellular connection is not very tight, timber is fairly porous and subject to decay as well as fire 
damage. From an engineering point of view, timber is an elastic material, has low thermal and 
electrical conductivity, and displays fairly large volume changes in response to changes in moisture 
content. 
 
The most important property of timber is its strength. Timber is an anisotropic material, which 
means that its strength properties depend on the direction of the grain. In contrast, steel is said to 
be isotropic, meaning that a test specimen can be cut out of a larger member in any direction, 
without affecting any of the strength properties. This is not the case with timber, and any test 
sampling procedure must contain an instruction with respect to the direction of the grain of the 
sample.  
 
There can be up to 3 principal grain directions in a timber sample: longitudinal, radial, and 
tangential. Correspondingly, normal and shear stresses can be parallel to the grain, perpendicular 
to the grain radially, and perpendicular to the grain tangentially. For most design considerations it is 
sufficient to differentiate between directions normal and parallel to the grain. Below is a table of 
typical strength parameters for Douglas Fir and Hemlock. Note the wide range of strength values, 
which is due to variable grades of a particular species. Some suppliers can provide stress graded 
timber whereby certain minimum strength values are guaranteed as a result of every piece passing 
an automatic grading machine which checks its deflection under a standard load. 
 

Properties Douglas Fir 
(MPa) 

Hemlock 
(MPa) 

Bending 
 
Tension Parallel to Grain 
 
Horizontal Shear 
 
Compresson Perpendicular to Grain 
 
Compression Parallel to Grain 
 
Modulus of Elasticity 

5.0 to 13.6 
 

3.4 to 8.6 
 

0.5 to 0.8 
 

3.1 
 

4.4 to 9.6 
 

10,610 to 13,300 

3.8 to 9.7 
 

2.4 to 6.2 
 

0.5 to 0.7 
 

1.6 
 

3.7 to 7.9 
 

8960 to 11,160 
 
Table 1.1 Strength Parameters of Douglas Fir and Hemlock 
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1.2 FACTORS AFFECTING STRENGTH 

1.2.1 DECAY 

Certain living fungi are capable of breaking down wooden cells for food. Their seeds are 
called spores and are carried into the wood by wind, insects, rain, melting snow, and 
condensation. They require certain conditions to grow. These are oxygen, favourable 
temperature, food and moisture. 

 
Only a small amount of oxygen is needed for fungus growth. If the supply of oxygen drops 
below a given minimum, the fungus goes into a dormant stage. Total absence of air 
containing oxygen, as is the case with piles that are totally immersed in water, will prevent 
decay of this nature. 

 
Fungi grow in temperatures ranging from 10 to 32 degrees Celsius. Decay ceases at 
temperatures below 2 degrees Celsius or above 38 degrees Celsius. The upper extreme 
temperatures are lethal to fungi. Only dark wood exposed to sunlight will occasionally reach 
elevated temperatures of 38 degrees Celsius and above.  

 
Food stuff includes sapwood (the outer part of the tree) and heartwood, although the latter is 
more resistant to rot due to fungal attack. 

 
Water is a necessary ingredient in fungal growth. The essentially hollow wood cells can 
easily hold a moisture content of 20%, at which point there is sufficient water available to 
initiate some fungus growth. This condition advances to a more serious stage if the moisture 
content increases to 30%, which is usually above the fibre saturation point. The fibre 
saturation point is defined as that moisture content which saturates the cell walls without 
overflowing free water into the hollow cell spaces. Normally fungus spread becomes a 
concern only after this saturation point is passed. Hence, timber is seasoned or kiln dried to 
lower its moisture content below the fibre saturation point. Once this condition has been 
attained, humidity in the air will not cause the moisture content to climb into a range that 
supports the growth of fungi.  

 
The invasion of spores is further promoted by naturally occurring cracks in timber, which are 
called checks. Checking may be due to cycles of shrinkage and swelling, which are 
responses to alternating loss and gain of moisture in the cell walls only. Moisture content 
changes due to changed water contents in the cell cavities do not change the dimensions of 
timber. 

 
Decay producing fungi cause timber to be darker in colour. The surface softens and 
becomes spongy, stringy, or crumbly, depending on the type of fungus attacking the timber. 
Fungi that feed on cellulose cause "brown rot", creating the appearance of charred timber. 
Timbers so diseased become brittle and crack across the grain. If the attack goes on 
unabated, the timbers shrink and finally collapse. Weight loss of only 3% can be responsible 
for strength loss of 50% or more. 
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A different type of fungus, feeding both on cellulose and lignin, causes "white rot". The 
affected area looks similar to normal wood, is light in colour and does not show any cracks 
across the grain. Unless this type of rot goes on for a long time, the affected timbers retain 
their shape and do not shrink or collapse. However, conditions promoting "white rot" are 
conducive to "brown rot" as well.  

 
Structural members that are in contact with the soil, such as posts, piling, abutments, and 
wingwalls, are at risk of decay due to the variable moisture range of the ground. Conditions 
are less favorable to decay above ground as those areas are subject to fewer cycles of 
wetting and drying.  

1.2.2 CHECKS 

Checking in timber is the separation of grain resulting from rapid lowering of the surface 
moisture content combined with a difference in moisture content between the inner and 
outer portions of the wood. As a result of the restraining forces of the inner portion resisting 
shrinkage of the outer layer, which is more capable to surrender its moisture to the 
environment, stresses develop that split the outer layer.  

 
Checks affect certain strength properties, and are classified as to type and severity. Surface 
checks are shallow checks in the surface of the timber. End checks occur at the sawn end of 
a member. Through checks or splits are checks that extend from one surface of the piece 
right through to the opposite face. Heart checks radiate outward from the pith, i.e. from the 
center of the yearly growth rings.  

1.2.3 SPLIT  

A split is a lengthwise separation of the wood due to failure in the wood cells. Splits are 
classified according to their lengths. A short split is so described if the length of the split is 
less than one sixth of the length of the piece, and less than the width of the piece. The 
length of a medium split may exceed the width of the affected piece, but must still be less 
than one sixth of the length of the piece. If the length is more than one sixth of the length of 
the piece, the split is classified as a long split.  

1.2.4 SHAKE 

A shake is a separation along the grain between annual growth rings. The width of 
separation is classified as fine if the shake is less than 0.8 mm (1/32") wide, or medium if the 
shake is 0.8 mm to 3 mm (1/32" to 1/8") wide, and wide if the shake is more than 3 mm 
wide. Shakes are also classified as to whether the circle of separation is complete or not. A 
round shake is one completely encircling the pith. A cup shake only partially encircles the 
pith. A through shake is one that extends from one end of the piece right through to the 
other end. A pitch shake is a clearly defined seam or opening between the grain of the wood 
which may or may not be filled with granular pitch.  
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1.2.5 CHEMICAL ATTACK 

Wood, unlike concrete or steel, is not affected by deicing salts. In fact, salts have the 
opposite effect, acting as a wood preservative. However, there are three mechanisms by 
which chemicals can cause wood to deteriorate. Cycles of wetting cause swelling and 
weakening of the fibres.  Acids cause hydrolysis of the cellulose, and alkalis cause 
delignification. Spillage of chemicals, industrial pollution, and animal wastes are common 
sources of these aggressive solutions.  

1.2.6 FIRE  

Timber bridges are vulnerable to the effects of fire. Many preservatives increase the risk of 
fire. On the other hand, timber that is exposed to fire forms a self-insulating surface layer of 
char which provides a certain degree of fire protection. Even though the surface is charred, 
the timber underneath which is not burned retains most of its strength and will support loads 
in accordance with the computed capacity of its uncharred section. There is some 
permanent loss of strength properties upon prolonged exposure to high temperatures. Note 
that steel and concrete undergo considerably more weakening due to the heat of a nearby 
fire even where there was no loss of section. The fire endurance and excellent performance 
of heavy timbers are attributable to the size of the wooden member and the slow rate at 
which the charring penetrates the wood.  

1.2.7 ABRASION  

Abrasion is mainly a result of mechanical wear due to tire contact. Typically this action takes 
place on top of deck planks in the wheel tracks. The planks sustain loss of section, and the 
wear is compounded by decay which infiltrates and weakens the wood further.  

1.2.8 COLLISION AND OVERLOADS 

Like steel and concrete bridges, timber bridges are subjected to damage due to impact and 
overloads. In the case of impact damage, the collision site is characterized by shattered, 
splintered, or deformed timbers, and large longitudinal cracks. Overload damage usually 
displays signs of sagging and buckling in the girders. If sections can be distinguished as 
being in compression and in tension, the former will show a wrinkled skin, whereas the latter 
will show timber that is pulled apart at failure.  

1.3 TESTING METHODS 

Like concrete or steel, timber can be evaluated by destructive and non-destructive testing 
techniques. Destructive testing techniques include probing and core sampling. Non-destructive 
testing techniques include visual inspection, sounding, ultrasonic testing, and the use of moisture 
meter.  
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1.3.1 DESTRUCTIVE TESTING 

Destructive testing relies on the boring of core samples or drill chips which may be further 
analyzed. The major objective of these tests is to determine the moisture content of the 
wood and the presence and extent of rot. The inspector uses drills and increment borers for 
this purpose.  

 
The increment borer is a coring device which produces a thin, round core sample inside the 
central part of a hollow drill bit. Ordinary drills are also used to produce drill chips that are 
then analyzed visually and/or in the laboratory.  

 
None of the procedures are very involved as compared to concrete coring for instance, and 
the only obstacle to performing this type of sampling is access to the member that is 
suspect. Inspections of this type should take advantage of winter ice on the river. The 
Department regulations require that any holes so created be filled with treated timber dowels 
or plugs. The inspector should therefore carry an adequate supply of these with properly 
fitting diameters when heading out on an inspection trip involving any timber structures. 
Despite these provisions of back-filling test holes, the borings do result in some loss of 
section, and the quantity and location of such test holes should be carefully determined in 
advance.  

1.3.2 VISUAL INSPECTION 

The inspector should be trained to look for evidence of bridge damage in a systematic 
fashion. In the case of timber bridges this includes a lookout for decay evidence such as 
characteristic fungus fruiting structures, and abnormal surface shrinkage, sunken faces, or 
deformations. The inspector should also be aware of signs of insect activity that may affect 
timber structures, though none are known to be a factor in Alberta.  

 
In addition, the inspector should look for water marks that point to potential decay areas. 
These include permanent staining or other water marks, rust stains created by water 
passing by such fasteners as steel bolts, nails, screws, or drifts, appreciable growth of moss 
or other vegetation on bridge members, and accumulation of soil and debris on wood 
surfaces which trap water and promote decay. Special areas easily overlooked are joint 
interfaces, mechanical fasteners, and wood adjacent to other water trapping areas which 
are potential sites of decay, fungus growth, as well as checks or cracks that trap water.  

 
Visual inspection has the advantage of being quick and simple, but its major limitation is that 
it fails to detect internal decay. Inspection of timber piles below the water line can further be 
complicated if these members are coated with asphalt or protected with a steel or concrete 
casing.  

1.3.3 SOUNDING 

Next to visual inspection, sounding a timber member with a steel hammer is one of the 
simplest methods of procuring indications of its integrity. Normally, a sharp ring is heard 

 
1-5

BIM
Bridge Inspection and Maintenance



 
June 2007 

CHAPTER 1 - TIMBER 
 

when timber is struck with a hammer, whereas internal decay may return a dull or hollow 
sound. This method requires a few precautions and interpretations. A check or shake may 
be mistaken for internal rot, and incipient rot may escape detection. For this reason, other 
tests mentioned below are required where an area remains in doubt.  

 
Another concern has been raised when reviewing sounding practices involving heavy, 
pointed steel probes that were routinely driven by hand into treated timber to test for rot. 
Later it was discovered that spores were able to travel through the openings into the 
unprotected timber interior, causing rot in bridges as a result of such injurious probing 
techniques. Hammer sounding should therefore be carried out with the flat side of the 
hammer only and rely on the auditory return for information about rot.  

1.3.4 ULTRASONICS  

This technique uses high frequency sound waves that are propagated through the timber by 
a James 'V' meter. Rot may be detected by the resulting time delay in receiving the 
ultrasonic pickup in one of its terminals, the other one being the transmitter. Sound timber 
propagates the signal much faster than decayed timber. Factors affecting the wave velocity 
in timber are timber species, treatment, direction of grain, density of the timber, moisture 
content, and degree of decay.  

1.3.5 MOISTURE METER 

Timber displays resistivity which varies proportionately with moisture content in the lower 
ranges. As a result, resistivity meters can be utilized to measure moisture contents of up to 
20%. Beyond this margin resistivity meters lose accuracy, and wetter samples need to be 
tested by oven drying and gravimetric testing.  

1.4 COMPARISION OF TEST METHODS 

A careful visual survey supplemented by a depth of penetration device or increment borer is 
sufficient to identify and estimate the severity of most types of deterioration. Ultrasonic techniques 
may be a useful supplement, especially where an indication of the strength of the timber is also 
required. Specific identification of decay, fungi, chemical attack, and preservative treatment or the 
actual measurement of strength is best performed by removing samples for laboratory analysis.  
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Techniques   

Defects Visual Depth of 
Penetration Moisture Content Ultrasonics 

 
Surface Decay and 
Rot 
 
Internal Decay and 
Voids 
 
Weathering 
 
Chemical Attack 
 
Abrasion Wear 
 

 
G 
 
 

P 
 
 

G 
 

F 
 

G 

 
G 
 
 

G 
 
 

F 
 

F 
 

N 

 
F 
 
 

F 
 
 

N 
 

N 
 

N 

 
N 
 
 
G 
 
 
G 
 
N 
 
N 

Note:  G= Good;  F=Fair;  P=Poor;  N=Not Suitable  
Table 1.2 Comparison of Investigative Techniques For Detecting Defects in Timber 

Structures 
 

1.5 MAJOR INSPECTION ITEMS 

The following items should be considered during a timber bridge inspection.  

1.5.1 FASTENERS  

Check connections for deterioration, loose fit, or soft bolt holes and splices. All fasteners 
and connecting hardware should be examined for corrosion. It should be noted that although 
chemical attack does not very often affect timber, it does often weaken metal connectors by 
corrosion. One of the methods used in the detection of loose connections is to listen for 
excessive vibration or noise during passage of vehicles over the bridge.  

1.5.2 WEARING SURFACE 

Timber decks that have an asphaltic concrete wearing surface should be examined for wear, 
ruts, potholes, reflective cracks, and aging. If there is no asphaltic wearing surface, check 
the decking, planks or sheathing for surface cracks, gaps between deck panels, signs of 
swelling, and tightness of connectors. The drainage should be checked for evidence of 
ponding, blocked passages, or pot holes. Note however that most timber decks were 
designed to allow drainage between planks rather than through special drain pipes in the 
deck.  
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1.5.3 STRINGERS AND CAPS 

Stringers and caps should be checked for internal decay at ends and by sounding the length 
of the member. This should be done underneath the bridge, with particular attention paid to 
contact areas with the decking. Check stringers for misalignment, lateral buckling, excessive 
sagging, cracking, and canting by sighting along the length of the member. Also check for 
excessive movement under heavy trucks which may be evidence of overloading damage in 
the past.  

1.5.4 PILES  

Check piles for soundness as in the case of stringers and caps, paying special attention to 
possible decay above the water line. Bleeding of the creosote may be indicative of reduced 
resistance to fungal attack. Check if any piles appear to crush into the cap because of 
uneven bearing. This may be caused by improper pile elevations due to settlement, or by 
rotting of a part of the cap.  

1.6 TIMBER TREATMENT 

Timber use for bridge construction is normally treated to prevent rot. 
 
Preservatives are classified as oil type, organic solvent solutions, and salts. Only the latter two are 
paintable, but it is the former category that is used most in bridge construction and maintenance. 
Pentachlorophenol is diluted in spirits or heavy oils; coaltar creosote is used in extreme exposure, 
either diluted in oil or as is. It is not only harmful to spores, but to any other living matter, and has 
been banned by many government agencies as a result.  
 
Inorganic salt preservatives are dissolved in water solutions before they are applied. As a result 
they are more easily washed away again by water supplied by the stream or precipitation, thus 
requiring periodic re-application and maintenance. Most of these are also environmentally hostile, 
e.g. ammoniacal copper-arsenate and chromated copper-arsenate. Lacking oil, they do not 
contribute to waterproofing at all, which accounts for their short service life. As well, these 
chemicals will attack some metals. Therefore, stainless steel, silicon bronze or copper should be 
substituted for ordinary steel fasteners.  
 
In Alberta creosote is the most common treatment for timber used in bridge construction.  
Chromated copper-arsenote (CCA) is used for some applications such as strip decks where contact 
from the general public would make the use of creosote unacceptable.  The treatment process for 
creosote requires a significant period of time with approximately two years from the time the timber 
is cut until the treated timber is ready for use. 
 
Before treatment the cut timber must be properly stored for a minimum 6 month seasoning period. 
An inspection service checks the green stock, performs moisture content tests, culls out twists, 
checks, and any other pieces that fail to meet the current NLGA standards.  
 
The timber is treated in pressure tanks with 100% creosote. In the past there was a mixture of 50% 
oil and 50% creosote in use, which is now discontinued. The success of this treatment was in the 
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past tested by measuring the volume of creosote returned from the tank and relating this amount to 
the volume of timber in a given charge. This method was criticized by investigators as inadequate in 
that some items could be over-treated whereas other items of a charge were then under-treated. In 
response to this criticism an assay method was introduced to timber testing that has implications for 
on site inspection of timber bridges. Each charge of timbers is sampled, selected items are cored, 
and the cores subjected to an extraction test. This method yields accurate depth of penetration and 
application rates for each tested member. As well, an additional inspection is carried out on timbers 
just before the pressure treatment occurs so as to avoid treating potential rejects. At this time 
moisture content is also re-established.  
 
Dimensional timber is incised approximately 9 mm (3/8") deep to allow for proper penetration of 
creosote treatment into its heartwood portion. Piling, which takes in the whole tree trunk and 
therefore is surrounded on the outside by sapwood, is not incised. It has been established in the 
past that the looser grain of the sapwood absorbs sufficient creosote without incising.  
 
The pressure treatment currently in use involves vacuum treatment of the timbers in the treatment 
drum, heating, addition of creosote under vacuum to allow fluid to be sucked into pore spaces, and 
then pressurizing the vessel to force creosote even deeper into the matrix. Even with this very 
efficient treatment, only the outer shell of heavy timbers is treated and subsequent perforation of the 
shell will result in opening of an inroad for rot and other wood diseases. As a rule, timbers are not 
pre-cut or pre-drilled prior to treatment, and sizing in the field opens up timbers, requiring on site 
treatment with brush grade creosote to close the openings.  
 
Creosote and other fungicides are hazardous to human health and all other animal life. Handling 
these materials requires certain safety precautions, like wearing of coveralls, rubber gloves, and 
breath protection. Because of its carcinogenic qualities, creosote has been banned in a number of 
States in USA, and the inspector should be very careful in handling timbers carrying these coatings. 
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2.0 CHAPTER 2 - CONCRETE 

2.1 DEFINITION 

Concrete is a construction material, consisting of cement paste, an inert filler called aggregate, 
water, and admixtures. When produced, this material is in a plastic state and will take on a more or 
less permanent shape as imparted to it by forms or extrusion machines.  
 
The three main constituents, Portland cement, aggregate, and water, must pass certain qualitative 
criteria, or tests, before they may be used in bridge construction. Water, for instance, must be 
potable.  

2.2 AGGREGATE  

Aggregates are classified as normal or lightweight.  Normal aggregates are made of materials 
mined from gravel deposits with high silicon content.  This gravel must be sound which accounts for 
its high density and may be processed through crushers and screens to specific maximum particle 
sizes and grain size distribution.  The portion passing a 5 mm sieve is called sand.  Very fine 
particle sizes (i.e. passing a 75 micron sieve and classified as silt and clay) must be excluded from 
or at least restricted in the manufacture of concrete due to their high water demand and negative 
affect on strength.  Normal weight aggregate shall contain no more than 3% clay lumps and friable 
particles, 5% passing the 75 micron sieve and 0.5% coal and lignite, as per ASTM-C33.  
Lightweight aggregates are made synthetically of pumice, slag, expanded clay or slate particles.  If 
the concrete is manufactured with both the sand and the coarse aggregate lightweight, it is called 
lightweight concrete.  If the concrete is manufactured with only the coarse aggregate lightweight 
and the sand normal weight, it is called semi-lightweight concrete. 
 
Normal weight concrete has a density of approximately 2400 Kg/m3, Semi-lightweight concrete is 
approximately 2000 Kg/m3, and Lightweight concrete is approximately 1700 Kg/m3.  Semi-
lightweight and lightweight concrete has been used for precast/prestressed concrete girders to 
reduce the dead load for transporting and erection.  With heavier moving and lifting equipment now 
available, the lightweight concretes are not as commonly used in precast/prestressed girders as in 
the past.  Practically, all cast-in-place concrete used in bridge construction is normal weight 
concrete. 

2.3 CEMENT  

The Canadian Standards Association distinguishes 5 types of Portland cement, only 3 of which are 
in common use in Alberta. Type GU is a normal Portland cement, and the most widely available. 
Type HE is of a finer grind than Type GU, and is referred to as high-early because of its ability to 
develop compressive strength faster than Type GU. It is used in the precast concrete industry 
where fast turn-around times on forms and early release strengths are important. However, most 
bridge specifications leave the choice of Type GU or Type HE cement up to the manufacturer, who 
must balance the operational advantages of Type HE cement with its higher price and the 
installation of extra storage bins.  
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Either Type GU or HE may be used where the concrete does not come into contact with soil. If this 
is the case, the soluble sulphate content of the soil is determined by test, and upon findings of 
certain concentrations, a sulphate-resistant concrete is specified, utilizing Type HS cement. This 
cement type is usually somewhat darker than Type GU or HE, but chemists find it difficult, if not 
impossible, to distinguish between these types with any confidence once the paste has hardened. It 
is therefore of some importance to ascertain the use of Type HS cement at the time of manufacture.  
 
Some specifications use ASTM terminology, which classifies Type GU as Type 1, Type HE as Type 
3, and Type HS as Type 5. 
 
The following table is reproduced from CSA A23.1 for information regarding the presence of soluble 
sulphate such as calcium, sodium, and magnesium salts. There are other implications for minimum 
design compressive strengths, e.g. 27 MPa for severe sulphate attacks, and proper drainage 
around the structure, which hopefully will keep sulphate bearing water migration out of the concrete.  
 
 
 
Polential 
Degree of 
Sulphate Attack 

 
Total 
Sulphate 
In Soil 
Sample 
(%) 

 
Water 
Soluble 
Sulphate in 
Soil Sample 
(%) 

 
Sulphate in 
Ground 
Water 
Sample 
(mg/L) 

 
Type of 
Cement to be Used 

 
Max. Water 
Cement 
Ratio 

 
Negligible 
 
Mild 
 
Considerable 
 
Severe 

 
0.00– 0.10 
 
0.00-0.20 
 
 ------------ 
 
------------- 

 
--------------- 
 
--------------- 
 
0.20-0.50 
 
Over 0.50 

 
0.00-150 
 
150-1000 
 
1000-2000 
 
Over 2000 

 
GU,MS,HE,LH,HS 
 
MS, HS 
 
HS 
 
HS 

 
--------- 
 
0.50 
 
0.50 
 
0.45 

 
Table 2.1 Types of Cement and Water/Cement Ratio Requirements for Concrete In 
Contact With Soils and Ground Waters Containing Various Sulphate Concentrations   

2.4 ADMIXTURES  

2.4.1 AIR ENTRAINING 

A widely used admixture in concrete bridge structures is air entraining.  Air entraining 
incorporates very small air bubbles in the concrete matrix that have the ability to accept the 
volume increase of absorbed freezing water without bursting the concrete. The prescribed 
air content of fresh concrete, usually in the range of 5.5%, plus or minus 0.5%, can be 
ascertained with a pressure-type air meter. Once hardened, the inspector may order a linear 
traverse test of concrete cores, which is a microscopic determination of air bubble content 
and spacing. This would be called for if the concrete surface shows scaling and freeze-thaw 
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damage is suspected as its cause. The engineering report that should accompany the linear 
traverse test results will offer a professional opinion as to the adequacy of the air entraining 
agent that was incorporated. The spacing factor should be 230 microns or less.  

 
Since air entraining is sometimes obliterated by excessive surface finishing efforts, tests 
should be carried out near the surface of the core, and then again somewhere in the middle 
of the core. In this manner the inspector may provide feedback with respect to the efficacy of 
concrete finishing standards of the Department. Clearly a massive gathering of test 
evidence showing loss of air entrainment near the surface of finished concrete, as opposed 
to formed concrete surfaces and interior concrete segments would call for a review of 
concrete finishing practices.  

2.4.2 WATER REDUCERS 

Another commonly used admixture is a water reducing agent.  Water reducers have the 
effect of reducing the mixing water demand of a concrete mix for a given index of 
workability, which is usually expressed in millimetre of slump. The pozzolanic admixtures are 
widely incorporated in departmental specifications, whereas the use of super plasticizers, 
which are usually associated with only short-term slump increases, must be compatible with 
air entraining agents to produce a mix with correct air content, bubble size and spacing. 

2.4.3 SILICA FUME 

Silica fume is an extremely small particle sized by-product of thermo-electric power plants.  
Some of the particles are smaller than the particles of cigarette smoke.  The addition of silica 
fume to a concrete mix has been shown to increase the compression strength and improve 
the impermeability of the concrete.  In the mid 1980’s, the Department started to use silica 
fume as an admixture for concrete used for deck overlays.  Although silica fume improves 
the strength and impermeability of concrete, it can make the concrete more susceptible to 
shrinkage cracks and extra effort is required in curing the concrete.  Presently, the 
Department uses 7.5% to 9.5% silica fume by mass of concrete in all concrete used for 
decks, curbs, medians, roof slabs, approach slabs and deck overlay concrete. 

2.4.4 FLY ASH 

Fly ash is also a by-product of thermo-electric power plants but it has larger particle sizes 
than silica fume.  Fly ash has cementitious qualities and has long been used as a substitute 
for up to 20% of the Portland cement in certain concrete mixes particularly concrete used in 
mass concrete structures.  Besides the economy of reducing the Portland cement 
requirements, fly ash was also found to improve the pump ability and workability, and 
improve the impermeability of hardened concrete.  Also fly ash reduces the amount of heat 
of hydration generated and reduces the high temperatures that can occur in mass pours.  
However, concrete with fly ash has been shown to have some durability problems with de-
icing salts and compatibility problems with some common air entraining agents.  The 28 day 
strength gain for concrete with fly ash is generally less than concrete without fly ash.  
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Therefore, until recently fly ash was not permitted in concrete used by the Department in 
bridges. 

 
Recent developments with high performance concretes have shown that fly ash used with 
silica fume with compatible air entraining agents and proper mix design can overcome the 
previous problems with the use of fly ash and produce a very high quality concrete.  The 
Department presently has a specification for a Modified Silica Fume Concrete which allows 
for the sum of silica fume and fly ash to be equal to 25% by mass of Portland cement.  The 
silica fume content must be 7.5% to 9.5% by mass of the Portland cement.  However, a 
minimum Portland cement content of 350 kg/m3 must be used.  

2.4.5 STEEL AND PROPYLENE FIBRE 

Concrete is weak in tension and cracks easily when subjected to shrinkage, temperature or 
tensile stresses.  Approximately twenty years ago manufacturers started placing steel and 
polypropylene fibres in concrete mixes to reduce cracking.  The steel fibres are 
approximately 50 mm long and come in a number of different shapes.  Polypropylene fibres 
are generally shorter than steel fibres.  The Department started using steel fibres in concrete 
overlays in the mid 1980’s.  The present specifications for fibre reinforced concrete calls for 
60 kg/m3 of steel fibres.  Polypropylene fibre has not commonly been used by the 
Department to date. 

 

2.4.6 SELF COMPACTING CONCRETE 

Self compacting concrete (SCC) is a fairly recent development with the first prototype being 
developed in Japan in 1988.  By using a number of admixtures such as high-range water-
reducers and viscosity modifiers and adjusting the aggregate content, a concrete mix is 
produced which flows easily and completely fills spaces between reinforcement and forms 
by virtue of its own weight with little or no vibration required.  SCC mixes are ‘thixotropic’ 
meaning that these mixes become fluid when stirred or shaken and then they return to a 
semi-solid state at rest. 

 
The Department has used self-compacting concrete on a trial basis for a few applications 
but has not yet adopted it for common use. 

2.5 FACTORS AFFECTING STRENGTH 

Concrete strength depends on many factors, and the inspector is sometimes called upon to identify 
particular items that may have occasioned an observed lack of predicted strength development.  

2.5.1 WATER  

Although water is a necessary ingredient in the manufacture of concrete, it is also directly 
and indirectly responsible for most strength loss. The concrete industry has embraced 
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Abram's concept of water-cement ratios, and often the concrete quality is defined by this 
variable rather than a compressive strength index.  

 
Depending on the exposure condition and durability requirements, many concretes are 
specified with a water cement ratio of 0.35 to 0.5, the lower number being indicative of a 
better concrete, other factors being equal. Only about 0.2 of this factor is needed for 
hydration, the rest of the water being added to improve mixing, placement, and workability of 
the concrete. This excess water will eventually dry up, leaving behind capillaries and voids 
that detract from the compressive and other strength parameters of the concrete matrix. As 
well, these voids are fairly large and do not contribute to the element of freeze-thaw 
protection as do smaller, entrained voids. The capillaries provide routes for salt and water to 
penetrate the concrete.  

 
The inspector can see these voids and formulate, on the basis of some experience, an 
opinion as to the possibly excessive water content of the concrete as mixed. Shrinkage 
cracks are another indication of an excess of water used in the mix.  

2.5.2 AGGREGATE SOUNDNESS 

By picking through a detached concrete chunk, the inspector may notice the shape of the 
coarse aggregate particles. Angular rock faces, as produced by a crusher, are more 
desirable than polished, rounded gravel pieces coming from a river deposit.  

 
Sometimes these rounded particles may be further prevented from forming a good bond 
with the matrix by certain natural coatings that act as bond breakers.  

 
Other problems obvious to the inspector may be thin and elongated pieces, iron-clay stones 
and other unsound intrusions like clay lumps, cherts, etc. Clay lumps may be distinguished 
from lightweight aggregates by the soundness and uniform distribution of the latter.  

2.5.3  SAND 

Concrete sand is subject to certain gradation limits that are difficult to ascertain in hardened 
concrete. However, one of the more common occurrences that detract from proper strength 
development is the ratio between sand and coarse aggregate. A matrix that obviously 
contains much more than 50% sand, as opposed to rock, would have a higher water and 
cement demand than one that is properly proportioned. Given the producer's preoccupation 
with considerations of economy, it is often the case that the higher demand for more water 
in oversanded mixes is more likely met than the demand for more cement to cover the 
increased surface area of this aggregate combination. A wetter concrete also tends to shrink 
more while drying to a constant moisture content condition. In the extreme, this may cause 
cracking of the concrete member.  

 
The inspector may also encounter pockets of unbound sand that are running freely from a 
failure plane of hardened concrete. This may be indicative of improper mixing and should be 
noted in the inspector's report.  
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2.6 DEVELOPMENT OF STRENGTH 

Most specifications of concrete call for a demonstration of compressive strength in lab-cured 
concrete samples at the age of 28 days. The selected age is an arbitrary cut-off point agreed upon 
by convention in the industry and lends itself to the specification of contractual obligations between 
concrete supplier and consumer. It capitalizes on the fact that in general, cements have gained 
most of their potential strength at that time, but ignores the capabilities of 'late bloomers', like 
cements augmented by fly ash, or concretes that were accidentally overdosed with a water 
reducing agent.  
 
The mentioned strength specification also ignores what may have happened to the concrete after 
the sample was withdrawn. Placement and curing conditions may be quite distinct from those 
provided to lab samples. For this reason, it is important to be able to identify problems in hardened 
concrete that can be attributed to improper compaction, segregation due to a high drop, loss of 
paste due to forms that were not quite tight, lack of surface curing, frost or wind and heat damage 
and the like. Many, but not all of these problems, may be discovered, and their repetition prevented, 
by monitoring the results of field cure cylinder samples. Other improper placement, finishing and 
curing practices can only be identified through careful field observations, either at the time of 
placement or afterwards by inspection of the affected concrete structure.  

2.6.1 HYDRATION  

Mention was made of temperature extremes, and their deleterious effect on strength 
development. Mass pours may overheat due to the exothermic reaction of cement hydration, 
even during moderate temperatures, causing cracking and sometimes dark discolorations 
on formed surfaces. Such situations call for special cooling efforts and temperature 
monitoring during and after the pour. Similarly, surface cracking may occur in winter 
construction when heating is removed and the concrete surface cools and shrinks much 
faster than the interior. This is known as thermal shock and it is advisable to leave the 
hoarding in place after heating is turned off so as to allow concrete to cool gradually.  

 
Ambient temperatures best tolerated by man are also ideal for concrete placement. Freezing 
causes disruptive growth of ice crystals, whereas hot temperatures and wind tend to rob the 
concrete of water necessary for hydration. In addition, fast temperature changes cause 
significant volume changes that in turn cause internal stresses, which may be more than the 
barely hardened matrix can absorb without cracking.  

2.6.2 CURING  

Proper curing methods are designed to counteract these damaging effects of the 
environment and to guarantee short and long term strength development. 

 
For sake of a more or less complete account of curing procedures, we mention here the 
heat-curing methods used by most precasters. These are often referred to as steam curing, 
although in many cases the heat is transferred to the freshly cast concrete member by 
circulating hot water heaters using pipes equipped with sheet metal radiators. This heat is 
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carefully incremented and applied after the member is wrapped up so as to decrease water 
loss due to drying. Comparisons of lab cured and heat cured test cylinders indicate early 
strength gain of the latter, which is however surpassed at the 28 day stage by the former. 
Clearly, the lab test method overlooks these effects due to curing, and the field inspector 
should be constantly on the lookout for indications of understrength concrete, even if the 
lab-cured test samples indicate adequate strength gain.  

2.6.3 FINISH AND DURABILITY 

One of the most persistent complaints about concrete concerns surface is appearance and 
finish. Several classes of finish are specified by the Department. Class 1 is ordinary or 
formed surface finish, Class 2 rubbed finish, Class 3 bonded concrete surface finish, Class 4 
floated sub-deck finish and Class 5 floated finish with surface texture. The use of steel 
trowels for finishing fresh concrete is not acceptable by the Department. Even the most 
elementary of these finishes (Class 1), requires that all fins and irregular projections be 
removed and cavities produced by form ties and all other holes, honeycomb spots, broken 
corners or edges and other defects be thoroughly chipped out, cleaned, moistened for 30 
minutes, filled with mortar, and cured.  

 
Despite all of these precautions, the inspector will encounter instances of rough concrete 
surfaces that can give rise to further deterioration by trapping water and possibly chloride 
ions. Often the underlying cause is a concrete that satisfies the actual structural demands of 
strength but fails to live up to expectations of durability as a result of poor aggregates, 
improper air entrainment, inadequate water-cement ratios, poor placement and finishing 
practices and/or inadequate curing. It is therefore not correct to conclude that the 
compressive strength requirement of a member has been satisfied because it has 
successfully opposed all compressive forces imposed on the member. Durability is also 
designed in part in terms of water-cement ratio, which translates into compressive strength 
that may easily surpass that required for structural purposes, including all applicable safety 
factors, by several increments.  

2.7 PROPERTIES OF HARDENED CONCRETE 

2.7.1 COMPRESSIVE STRENGTH, FLEXURAL STRENGTH 

As first discovered by Abrams in 1918, the water-cement ratio of concrete determines its 
compressive strength. This type of strength is the concrete property that is most often relied 
upon, although there are others that are of importance as well. Some handbooks derive the 
tensile strength and shear strength of concrete from the compressive strength, e.g. 10% and 
12% respectively. Other manuals equate tensile and flexural strength values in concrete.  

 
In practical terms, these facts reveal that concrete by itself can be relied upon to pass on 
substantial compressive forces or loads to a substrate, but requires steel reinforcement to 
withstand flexural moments and shear forces typically encountered in suspended beams 
and structural slabs. Steel is however very susceptible to corrosion, due to ingress of salts 
or acids, and must be protected from these by all available means.  
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To appreciate this problem, the inspector needs an understanding of the ability of hardened 
concrete to absorb water and water-borne ions that can attack reinforcing steel. Sometimes 
a false sense of security is developed by a specification that requires a minimum of 25 or 50 
mm of concrete cover over all structural steel contained. Even though this requirement has 
been met, the inspector should consider all available means that would reduce the 
availability and ingress of water, such as positive drainage, deck drains, sealing and the like.  

2.7.2 SHRINKAGE  

As concrete changes its water content during absorption and drying, it also changes its 
volume slightly. There is expansion during absorption of water up to 150 millionths per unit 
length, and corresponding contraction during drying. Similarly, temperature changes cause 
expansion of a unit length of hardened concrete at the rate of approximately 10 millionths 
per degree C increase. If a 100 m concrete span undergoes a total temperature variation of 
60 degrees Celsius, this may amount to 60 mm of length change. Fortunately, high 
temperatures are associated with low moisture contents, and vice versa. As a result, the 
length changes due to thermal expansion and drying contraction tend to cancel each other 
out, i.e. concrete drying to constant weight at 50% relative humidity will shrink by 60 mm per 
100 m. Furthermore, if the concrete is not constrained at either end, the length changes do 
not have any negative effects unless a bearing 'freezes' and does not allow for relief of 
stresses caused by length changes, in which case these stresses are retained in the 
concrete structure, particularly in the anchor points, that may result in cracking of the 
concrete.  

 
Another implication of length changes due to temperature changes affects the behavior of 
reinforcing steel in concrete. Standard reinforcing steel has roughly speaking the same 
thermal coefficient of expansion as concrete, and therefore is not in danger of relaxation 
inside the concrete. As for prestressed steel cables, the expected temperature variations are 
allowed for in the design of the amount of prestress force applied to the cable during 
manufacture.  

 
Since dry concrete is made up of aggregate and paste, it should be noted that aggregate 
acts as a restraining force on volume changes due to drying shrinkage and temperature 
expansion. Thus larger maximum aggregate sizes help combat negative effects of 
shrinkage. However, water in the mix increases drying shrinkage, and water reducers 
therefore help combat drying shrinkage cracking through their ability to curb water demand. 
Air content has no appreciable effect on drying skrinkage.  

 
Dirty aggregates cause excessive shrinkage, and light weight aggregates may also increase 
the amount of drying shrinkage by up to 100% when compared to normal weight aggregate. 
The use of accelerators has also been shown to increase drying shrinkage and associated 
cracking.  

 
As for thermal contraction and expansion, again the two constituents of paste or gel and 
aggregate provide different coefficients of expansion to the total for the mixture. Quartzites 
and other hard aggregates are rated at 13 millionths per degree Celsius, but limestone only 
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5.6 millionths per degree Celsius. Cement paste, which makes up 15% to 20% of the total 
mix, may range from 9 to 22 millionths per degree Celsius, a higher water cement ratio 
being associated with a lower coefficient of thermal expansion. This is so because a good 
portion of thermal expansion and contraction is due to migration of water from capillaries to 
or from gel pores. (STP 169B, ASTM)  

 
These factors have two implications for the inspector. On the one hand, concrete which is 
not free to change its shape under the influence of these forces may show signs of distress 
such as cracking or disintegration near anchor points. Secondly, a concrete area that is to 
be patched or otherwise repaired must be replaced or covered with patching or repair 
materials that have at least comparable thermal coefficients of expansion.  

2.7.3 CREEP  

In addition to the effects of shrinkage there are long term changes under load, referred to as 
creep. Factors affecting creep are the water-cement ratio of the concrete, its paste content, 
the age of the concrete, physical properties of the aggregate, the size and shape of the 
member, amount of reinforcing steel in the member, relative humidity, temperature, and 
carbon dioxide content of the air, as well as curing conditions. Further, several factors acting 
in combination to cause shrinkage in drying concrete may have a larger effect than the sum 
of each component would account for.  

2.8 CRACKS AND DETERIORATION IN CONCRETE 

Cracks in concrete may have many causes and different manifestations. If necessary, crack width 
may be measured with a crack comparator. Cracks of less than 0.1 mm in width are called hairline, 
equal to or greater than 0.1 to less than 0.3 mm are narrow, equal to or greater than 0.3 to less than 
1.0 mm are medium, and those equal to or greater than 1.0 mm are called wide.  
 
Narrow cracks are permitted to occur in certain concrete designs and codes, cf. ASTM C76, which 
describes a crack feeler gauge of 0.2 mm in thickness that is used to define certain permissible 
loads on concrete culverts. Similarly, CSA S6, allows flexural cracks of up to 0.35 mm (0.013") in 
the design of exterior concrete. However, no vertical cracks are permitted in prestress beams, and 
cracks may close in other reinforced concrete after passage of the live load that opened them.  

2.8.1 SHRINKAGE CRACKS 

Beginning with the initial set of the cement paste after pour, fresh concrete undergoes 
shrinkage which may result in stresses that cannot be absorbed by it, hence the 
development of shrinkage cracks. Cracks are further promoted by rapid evaporation of 
surface moisture and other cracks may be caused by stresses induced by rapid temperature 
variations of hardened concrete. Most of these cracks are straight across a slab but may 
also be oriented at a right angle to the wind direction in the case of drying shrinkage cracks.  
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2.8.2 CRAZING CRACKS 

Rapid evaporation of bleed water may result in crazing, which is a network of shallow 
surface cracks in steel troweled concrete surfaces. If these cracks do not penetrate the 
concrete more than 1 mm they are usually not considered serious. A more serious case of 
cracking with similar patterns is called map cracking, which may be associated with alkali-
silica and alkali-carbonate reactions. These reactions, which result from a reactivity of 
certain silicious and other aggregates to cement paste, cause swelling and gradual 
destruction of the bond between aggregate and paste.  

 
Settlement cracks do not follow any predictable pattern and are associated with partial 
failure of form work or dropping of supports due to settlement in foundation soil. These are 
other possible reasons for random cracking.  

2.8.3 D-CRACKS  

Designers attempt to combat cracking problems by specifying low water-content concrete 
mixes and adequate curing. They also provide for expansion joints in the concrete surface. 
Special crack patterns, so-called "D" cracking, form along these joints if they are inadequate.  

2.8.4 FLEXURAL CRACKS 

As the concrete is loaded by dead and live loads, it may be flexed in certain areas beyond 
its flexural strength limits as anticipated by the designer. If there is insufficient reinforcement 
to pick up these flexural loads, it may crack there as well. Such cracks are considered to be 
working cracks and should be identified as such in deck zones that are marked by the 
transition from negative to positive moments. This is a feature of continuous beams or slabs 
in the vicinity of non-end supports where the top surface is in tension rather than in 
compression as would be the case for most of their length.  

 
The inspector should mark such lateral crack locations with lath extending over the side of 
the bridge and then investigate under the bridge to determine if lateral crack locations there 
coincide with the ones on top. With some structures, there may be much stronger indications 
of cracking and efflorescence. These cracks may require repairs paid at a rate per linear 
metre, and an estimate of the total length of cracks should be entered in the report.  

2.8.5 DIAGONAL CRACKS 

Diagonal cracks in the vertical faces of pre-stressed beams near their supports are 
indicative of overloads and should be treated as critical.  

 
Often cracks are neglected as a result of certain design assumptions with respect to 
concrete zones in tension. In these areas the stresses are presumed to be carried by steel 
reinforcing, but the open path of brine into the steel that they provide makes it only a matter 
of time until some corrective action becomes mandatory. The inspector should faithfully 
record all cracking and its propagation by marking the ends of cracks and giving some 
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indication of depth and width in order to establish a valid case history of all deleterious 
influences that impinge on a structural concrete member. If any cracking is observed in a 
pre-stressed (or post-tensioned) member, it should be regarded as very suspicious since the 
effect of pre-stressed or post-tensioned cables would normally place most of the concrete in 
compression.  

 
Cracks that allow ingress of solutions of deicing chemicals to cause corrosion of rebar may 
be responsible for spall damage, which is the loss of entire chunks of concrete ranging up to 
50 mm and more in depth, usually exposing the corroded rebar.  

2.8.6 CRACKING IN PRESTRESSED GIRDERS 

Prestressed girders are designed to place concrete around the tendons in compression, 
which rules out vertical cracks in the lower region. Nevertheless, vertical cracks may be 
encountered in that region, revealing irregularities in the applied prestress force. Both over-
stressing and under-stressing may result in vertical cracks.  

 
In some cases insufficient prestress force combined with excessive shrinkage and creep 
may render the prestress mechanism inoperative and allow cracks to open in the lower zone 
that contains the tendons.  

 
On the other hand, overstressing may overpower the compressive strength of the concrete 
surrounding the tendons and result in crushing of this region and bending of the beam, 
creating vertical cracks in the upper region which does not contain prestressed cables.  

 
There have been occurrences of horizontal cracks paralleling the tendons in prestress 
girders which appeared a few years after construction. As a rule these cracks are not very 
deep and do not exceed 0.2 mm in width. Once they have opened, they tend to increase in 
length due to freeze-thaw action. Their appearance has been explained firstly as a result of 
excessive compression stresses generated by prestressing, and secondly as a result of 
excessive shrinkage and temperature deformations imparted by heat curing. Rapid 
temperature changes can result in wide temperature differences between internal and 
external concrete regions which set up stresses due to differential heat expansion that crack 
the concrete. If the horizontal cracks produce rust staining, they may be due to corroding 
prestress cables, which is spalling the concrete cover; such a situation is serious and calls 
for quick corrective action.  

 
Cracks in the girder ends may be the result of insufficient shear reinforcement or a 
malfunction of the bearings.  

 
Prestressed concrete bridge members may be damaged by high load strikes. Damage has 
been classified as minor if only concrete portions are affected, with all reinforcing steel being 
untouched; cracks in the damaged area are less than 0.1 mm in width only. Moderate 
damage is also said to affect concrete only, exposing reinforcing bars and prestress strands; 
cracks may exceed 0.1 mm, but there shall be no severed strands. If strands are severed or 
deformed, the damage is classified as severe. This condition also is associated with loss of 
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concrete across the whole bottom flange of concrete girders, with some loss of concrete in 
the web offset to the location of damage in the bottom flange.  

 
Cracks that continue from the bottom flange into the web indicate that the force impacting on 
the prestressing strand has exceeded its yield strength, and the damage is critical. A lateral 
offset along the bottom flange is also critical, as is vertical misalignment in excess of the 
allowable. Permanent deformation of stirrups as indicated by longitudinal cracks at the 
interface of the web and the top flange that are not substantially closed below the surface 
damage are also critical. Critical damage may require immediate installation of temporary 
supports at time of inspection, or closing of the bridge.  

2.8.7 SCALING  

Scaling is a surface damage in concrete which lifts off patches of concrete, usually due to 
freeze-thaw action. This action starts with the loss of surface mortar in patches and 
progresses deeper with subsequent freeze-thaw cycles. Usually, it is due to the lack of 
sufficient air entraining at the time of manufacture. Scaling may also be the result of poor 
finishing or curing practices or construction in rain; such scaling would normally not affect 
concrete below the top surface. Other possible causes are cold placement, deicing salts, 
high slump, lack of curing, and lack of cold weather protection.  

 
Scaling may occur under asphalt wearing courses, and should be checked for by exposing a 
test area of the concrete surface. A chain drag may also indicate hidden spalls and scaling.  

2.8.8 SPALLING  

Concrete damage that results in the loss of surface chunks is called spalling. Usually this is 
due to corrosion cracking, which, as the name implies, is the result of corrosion of the 
reinforcing steel near the surface. The corroded bar gains in diameter due to the products of 
corrosion taking on more volume than the original steel occupied. This generates expansive 
forces that burst the concrete. Chloride ion, which is chiefly responsible for this cracking, 
does not require a crack opening to reach the embedded steel, as it is able to penetrate 
uncracked concrete to start with. However, the first signs of cracking promote spalls and 
escalate its damaging effects. Some sources suggest that spalling is also caused by trapped 
bleed water and early finishing of a slab.  

2.8.9 POP-OUT 

Where only individual aggregate pieces break out of their surrounding matrix, the result is 
called a pop-out. Usually this is the result of frost-susceptible aggregate, though sometimes 
the mere absorption of water can cause pop-outs. Examples of aggregates susceptible to 
pop-outs are ironstone, coal, and sandstone.  
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2.8.10 PUNCH-OUTS 

Punch-outs are small holes in decks that are made up of pre-cast or pre-stress girders. 
These girders are built to specifications that put a premium on thin, low-weight sections, 
hence the use of lightweight aggregates and the likelihood of traffic wear creating the 
occasional perforation. Cast-in-place decks are usually too thick to permit this type of 
perforation, although punch-outs are possible here as well after prolonged periods of 
neglected spalling.  

2.8.11 SCOURING / ABRASION 

If the bridge crosses a river, its piers may be subjected to erosion due to collisions with ice 
masses and debris. Most concrete piers are protected by steel plate nosing against this 
hazard. Another hazard under water is cavitation, which is the pitting of concrete by water 
borne bubbles that were created by a disturbance upstream. The collapse of these bubbles 
is accompanied by considerable implosive forces which are capable of causing a 
honeycombed appearance in the concrete surface. Removal of all stream obstructions near 
the piers is indicated by such scouring activity.  

2.8.12 CARBONATION  

Carbonation is the lowering of the pH of the concrete.  To explain this process, it is 
necessary to understand that the various products of cement hydration are highly alkaline 
with a pH value from 12 to 13. Carbon dioxide, which is present in the air, but may be 
produced in higher concentrations by open flame heaters in winter concreting, reacts with 
the hydrated cement compounds. This process is accompanied by a lowering of the 
alkalinity of the product, say to a pH of 9.5, which may be tested by the inspector through 
use of indicator solution. The lowering of the pH value means loss of protection for 
reinforcing steel, which results in corrosion and spalling in concrete. Usually, the process is 
restricted to a few millimetres of surface concrete exposed to the environment, and the 
approximate depth can be determined as follows:  

 
A vertical cut or gash is prepared in the affected area and sprinkled with a solution made up 
of phenolphthalein (1 gram diluted in 50 cc alcohol and diluted to 100 cc with distilled water). 
The test causes a purple discoloration in the unaffected substrate and leaves the 
carbonated surface more or less unchanged. (The discoloration may be unsightly and some 
consideration should be given to this fact when selecting a test site. In some cases it may be 
advisable to test a section of concrete after removal from the slab).  

 
Carbonation may reach a depth of 15 mm or more after 50 years and can result in 
considerable loss of section in concrete and rebar.  

2.8.13 LEACHING AND EFFLORESCENCE 

Efflorescence is a white powdery substance often found on cracks on the underside of 
concrete slabs. If the build-up is a gel still loaded with moisture, it is called an exudation. It is 
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the result of leaching which dissolves calcium hydroxide and other products of cement 
hydration from the paste and transports these usually to the lower surface where they react 
with carbon dioxide in the air. As the water responsible for the leaching action evaporates 
near the concrete surface, it leaves behind the white stain and powdery salt build-up called 
efflorescence. Most salts are sulfates or carbonates of sodium, potassium and calcium, such 
as calcium carbonate. The action is especially prevalent in the presence of soft rain water 
that is free of salt ions when it enters the concrete.  

2.8.14 DAMAGE TO REINFORCEMENT 

The possibility of overload and high load damage to concrete structures has been widely 
publicized. Such accidents may be accompanied by breaks of tendons that require very 
specialized repair procedures. The presence and effects of misaligned strand conduits are 
less well known, though they may have the same consequence. Usually these situations are 
occasioned by crowded rebar conditions and the fact that manufacturers like to fasten these 
conduits to rebar cages, i.e. after most of the crowded conditions have occurred in the beam 
form.  

 
Strand conduits are utilized if deflection of strand cables cannot be accomplished during the 
prestressing phase, or would result in undesirable geometrics of strand patterns. In these 
cases a conduit is laid along the desired track and the strand is inserted and post tensioned, 
i.e. stressed after the concrete has attained sufficient strength.  

 
There remains little evidence of any misalignment after the concrete has been poured, and 
usually a pre-pour inspection is called for to snag this type of problem. In the field, there may 
be some irregularity in the amount of camber obtained, or other problems that may be due 
to poor alignment of conduits.  

2.8.15 CONCRETE VOIDS OR HONEYCOMB 

Also, there is the problem of voids in concrete due to rebar crowding. Such a problem 
occurs if the rebar cage is so dense that it acts like a fine sieve that gets clogged by large 
aggregate particles, preventing passage of plastic concrete into all intended spaces. Such 
voids may sometimes be detected by hammer sounding or by more sophisticated ultrasound 
measuring methods. Concrete voids visible from the outside are called honeycombs.  

2.8.16 CHEMICAL SPILLS 

In daily service, concrete may be exposed to chemical spills and other such accidents. The 
Portland Cement Association has published a list of chemicals and substances that may 
cause rapid disintegration. In general, all acids are harmful to concrete, but the following 
have been singled out by the PCA as especially destructive: Hydrochloric acid 10%, 
Hydrofluoric acid 10%, Nitric acid 2%, Stearic, Sulfuric acid 10%, and Sulfurous acid. Salts 
and Alkalis in solution under this heading include Calcium (sulfite solution), and Aluminum 
chloride. There are many other substances causing disintegration, and a decision on how to 
remove the spill from a bridge deck should take into account environmental considerations 

 
2-14

BIM
Bridge Inspection and Maintenance



 
June 2007 

CHAPTER 2 - CONCRETE 
 

for the stream and other factors. Clearly, such incidents call for rapid communication of 
pertinent details to the Engineer in charge of the region.  

2.8.17 FATIGUE IN CONCRETE  

Elastic deformation of concrete under load may turn into inelastic deformation after many 
loading cycles. Hardened concrete does not completely recover from the effect of repeated 
stresses that are only one half of those that would cause failure on a first try. In fact, 
experiments have shown that a member may fail after a million or so cycles of approximately 
one half of the normal failure load.  

 
Fatigue also affects the reinforcing steel in structural concrete. However, as long as 
concrete has not cracked there is little probability of fatigue failure in the steel, even though 
the working load may have been exceeded. If prestressed concrete cracks, there are high 
stress concentrations in the steel in the vicinity of these cracks. Under repeated loading, the 
bond between wires and concrete may be lost, or the wire may break.  

 

2.9 FIELD TESTING OF CONCRETE 

2.9.1 CHAIN DRAG 

Chain drag is one of the most productive and extremely simple methods designed to detect 
delaminations and other voids in concrete. It consists of a T-shaped bar with or without 
wheels that trail a number of short lengths of chain with links of 1 to 2 inches from its T-bar. 
The long piece is pulled by the operator who listens to the sound generated by the chains as 
they are dragged across the pavement. Delaminations and other discontinuities return a 
different frequency than normal concrete and the operator marks all such areas with a spray 
paint can if such marking is permissible. Marked areas may be further defined by hammer 
soundings that determine the precise extent of the distressed area.  

 
This method can lead to operator fatigue and may thus miss out on the identification of 
some suspect areas. As well, it requires a quiet environment, as traffic noise and other 
excessive industrial noise can mask the auditory return. It does not produce a permanent 
test record and requires some grid pattern marking on large slabs to avoid needless 
overlapping or unintended misses. Chain drag is not useful for decks which have asphalt 
overlays since it detects the debonding between the concrete/asphalt interface only and 
may thereby mask delamination in concrete.  

2.9.2 REBOUND HAMMER 

The Schmidt Impact Hammer is a convenient instrument for the determination of field 
compressive strength of hardened concrete. Its accuracy is often contested, but in 
conjunction with dispersion values given for each strength range, it can be relied upon as a 
first line investigative tool with well defined limits of confidence. Results are affected by the 
following:  

 
2-15

BIM
Bridge Inspection and Maintenance



 
June 2007 

CHAPTER 2 - CONCRETE 
 

 
1.  The surface finish of the concrete.  
2.  The moisture content of the tested concrete.  
3.  Temperature.  
4.  Carbonation in the concrete surface.  
5.  The rigidity of the tested member.  
6.  The attitude of the test instrument (vertical, horizontal, etc.)  

 
The manual accompanying this device is self explanatory. ASTM C 805 refers to its product 
as the 'Rebound Number of Hardened Concrete', thereby sidestepping the issue as to 
whether this number correlates with compressive strength as claimed by the manufacturer; 
in fact, 5.3.2. states, 'This method is not intended as an alternative for strength 
determination of concrete', although in practice there is no other use for it.  

 
The ASTM method calls for 10 shots per test area, and the deletion of a maximum of two 
readings if they depart by more than 7 units from the average. Tests exceeding this 
variability are discarded.  

 
Since the ASTM method does not purport to yield compressive strength values, it is not 
interested in the use of the calibration anvil which is available to calibrate a hammer. Type N 
hammers should read at least 78 on the anvil, the upper limit being 82 (which is seldom 
encountered). The surface condition of the test area and the attitude of the hammer should 
be reported along with the location and strength value.  

 
The hammer is packaged in a round cylinder, which should not be allowed to roll off the seat 
of a car, since a drop of the instrument causes warping of its delicate mechanism.  

 
If the results of impact hammer readings give rise to a conflict between observed and 
expected concrete strength results, deficiencies must be confirmed by core testing before 
they can be taken up with outside agencies such as contractors or other jurisdictions.  

2.9.3 CORING  

Coring involves the use of a diamond-studded, water cooled core barrel that is rotated by an 
electric drill, cutting into the concrete, and isolating a cylindrical core sample for removal. 
The sample is then tested in compression much like formed concrete test cylinder samples 
by an independent concrete test laboratory.  

 
Contractors doing this work have several core diameters available, the most popular being 
75 mm and 100 mm. The core diameter should be chosen based on the following criteria 
(CSA-A23.2-14C):  

 
1.  The diameter should not be less than three times the maximum aggregate 

size.  
2.  The diameter should not be more than the depth of the concrete member.  
3.  The applicable test specification in the CSA prefers a diameter of 100 mm.  
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If the concrete is fairly fresh, it should have a minimum age equivalent to 7 warm curing 
days before coring is attempted.  

 
In preparation for coring, the inspector should refer to drawings of the concrete member and 
mark 3 coring locations in close proximity to each other for each concrete area suspected of 
containing under-strength concrete. Locations should be selected so as to avoid cuts 
through reinforcing bars and other miscellaneous steel. If a core is accidentally cut through a 
piece of reinforcing steel, it should be replaced by another one taken from a different 
location. All cores must be marked so as to trace them back to their origin, and handled very 
carefully. Under no circumstances should a prestress strand be put at risk by coring. 
Locations of these prestress cables can be found on the drawings. This consideration 
applies also in cases where contractors are permitted to drill cores in bridge concrete at their 
own expense. Arrangements must be made also to backfill or patch holes with grout of a 
compressive strength that matches or exceeds the design strength of the concrete in 
question.  

 
Cores are tested after 24 hrs. of conditioning in lab air if they are taken out of concrete in dry 
service, or after 40-48 hrs. of immersion in water if they are taken out of concrete in wet 
service, i.e. concrete that is exposed to the elements or wet soil. Wet testing can give results 
30% lower than dry testing. The class of service must be given to the concrete test 
laboratory, along with details regarding core diameter and core length, which is normally 
twice the core diameter. Other items of interest to the contractor carrying out coring are:  

 
1. Availability of water and electric power on site.  
2.  Height of scaffolding if needed.  
3.  Patching instructions.  
4.  Time and place to meet the inspector prior to coring.  

 
All details of this nature, including a statement as to the party paying for the core tests, must 
be transmitted in writing.  

 
The laboratory shall condition the cores as indicated, trim them with a diamond saw as 
necessary, and test the samples in compression after capping them on both ends with a 
sulphur compound. Where the length-diameter ratio falls short of 2, a correction factor is 
applied to the reported compressive strength. 

2.9.4 PULL-OUT TEST 

A slightly less expensive test is the pull-out test, which is even cheaper if preparations for it 
can be scheduled before the concrete pour. In this configuration it is known as the Lok test, 
which measures the force necessary to extract a specially shaped cast-in-place bolt. If the 
bolt has to be inserted after the concrete surface has hardened, it is necessary to grind out a 
hole with a router and the test is then known as the Capo test. Results have been correlated 
to compressive strengths by the manufacturer. More accurate correlations may be 
established by comparison of Lok test results to companion cylinder test results in a pilot 
project.  
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2.9.5 WINDSOR PROBE 

The Windsor probe utilizes the same mechanism in reverse by shooting a projectile into the 
concrete surface with a pyrotechnical charge (gun & cartridge), and measuring its depth of 
penetration. This is correlated to compressive strength.  

 
This test depends on the hardness of the aggregate as expressed by Moh's hardness 
number. Local aggregates may vary from 4 to 7, and a number of 6 has been used with 
acceptable results.  

2.9.6 ULTRASONIC PULSE VELOCITY 

This test method is particularly suited to determine the extent of fire damage, and may also 
be used for the measurement of depth of cracks. This test method consists of measuring the 
time of travel of an ultrasonic pulse of 20 to 250 kHz issued at a frequency of 50 to 150 
pulses per second. Equipment of 50 or more kHz is not recommended for use on concrete 
less than 100 mm thick, and 20 kHz should be limited to use on sections exceeding 300 mm 
in thickness. Higher frequencies, though more sensitive to voids, are subject to higher 
attenuation. The results are shown on a digital readout in milliseconds and reflect the time 
sound travels from one probe to the other. The probes are held against the concrete 
surface, and the contact area is filled in with grease or some other medium to close any 
acoustic gaps. This procedure makes for a somewhat messy test environment. The precise 
distance between the two probes must be known in order to make inferences about the 
soundness of the concrete under study.  

2.9.7 CHLORIDE ION CONTENT 

Chloride ion content testing is a method of determining the likelihood of corrosion of the 
reinforcing steel in concrete.  Quantities of chloride ions of 0.03% by weight of concrete are 
considered sufficient to initiate corrosion of rebar. 

  
Until fairly recently, testing for chloride ion in concrete had to be done in a laboratory with 
samples taken in the field.  However, during the US Federal Highway Administration’s 
Strategic Highway Research Program (SHRP) methods for field testing for chloride content 
were developed.  These are commonly referred to as Rapid Chloride Tests (RCT).  The field 
testing gives chloride content readings in the field and allows for adjusting the number and 
locations of the chloride testing while in the field.  However, samples are generally also 
taken in the field for laboratory testing to confirm field results. 

 
For both the Rapid Chloride and Laboratory Tests, proper sampling of the concrete in the 
field is very important to the accuracy of the results.  More details on the chloride testing 
methods used by Alberta can be found in Chapter 4 of the Level 2 BIM Inspection Manual. 

 
2-18

BIM
Bridge Inspection and Maintenance



 
June 2007 

CHAPTER 2 - CONCRETE 
 

2.9.8 CSE TESTING  

Copper Sulfate Electrode (CSE) test is a repeatable, non-destructive field test that 
measures the electrical potential between the steel reinforcement of the bridge and a 
reference electrode.  ASTM C876 describes this method of estimating the electric half cell 
potential of reinforcing steel for the purpose of determining its corrosion activity. It consists 
of a copper-copper sulfate half cell, which is a dielectric container holding a copper sulfate 
solution surrounding a copper rod. The copper sulfate is brought into electric contact with 
the wetted concrete surface by way of a sponge. The other terminal coming from the copper 
rod is connected by a lead to the rebar-network of the concrete and cannot function if the 
rebar is epoxy coated, discontinuous, or if there is an impervious insulating membrane like 
asphalt on the concrete. The copper-copper sulfate cell provides a standard reference in the 
measurement of the potential of corrosion half cells that exist between the rebar and the 
surrounding concrete. A high impedance voltmeter cut into this circuit yields indications as to 
the corrosion activity in the rebar. Readings are taken to the nearest 0.01 V, and are given 
in negative values by convention. Readings of numerically less than -.20 V CSE indicate a 
greater than 90% probability that no corrosion is present. Readings of -0.35 V CSE and 
those numerically above this value indicate a greater than 90% probability that corrosion is 
present.  

 
Since 1977, the Department has used CSE testing to help evaluate the condition of concrete 
bridge decks.  The Department has made some modifications to the ASTM-C876 test 
method.  More details on the Alberta CSE testing method can be found in Chapter 3 of the 
Level 2 BIM Inspection Manual. 

2.9.9 THERMOGRAPHY  

Infrared thermography has been used to detect delaminations in bridge decks and other 
concrete structures. This method exploits the thermal gradient in concrete resulting from 
heating and cooling cycles. It is a result of differential lags in the transfer of heat through the 
concrete and other media such as air in areas of discontinuity. Thus, during periods of 
heating, the surface temperature of delaminations is higher than that of surrounding 
concrete, whereas at night, during cooling, the surface of delaminations is cooler than its 
surroundings. The temperature differences are picked up by infrared sensitive photographic 
film, which is exposed from a platform raised 4 to 6 m above the deck. In this application the 
photographs can cover a full lane width at a pass. However, despite some very promising 
results, the method is considered not quite as good as chain dragging.  

2.9.10 RADAR  

The development of low power, high frequency pulsed radar equipment in the 1960's has 
made possible the detection of small flaws in bridge decks no matter whether they are 
covered by an asphalt wearing course or not. The pulses are approximately one 
nanosecond in duration and are transmitted by a monostatic antenna (combining 
transmission and receiving tasks). The transmitter receiver processes the signal returned 
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from the concrete into the antenna through an oscilloscope which allows interpretation of the 
resulting returns in terms of discontinuities on the basis of differing dielectrics.  

 
In addition to the discovery of voids and other discontinuities of the deck, claims are made 
that the radar can measure the thickness of the asphalt overlay. However, the interpretation 
of the massive raw data produced by this method requires considerable experience in 
reading radar signatures and relating them to physical distress in bridge decks. On the other 
hand, this method is temperature independent, yielding good results in summer or winter, its 
only limitation being a very wet deck surface, which causes attenuation of the signal. 
Attenuation means the signal is powering out before a reading is produced.  

 
The method is currently being used in the investigation of the Department's roadways for 
inventory purposes and pavement profiling. However, it has given somewhat inconclusive 
results when used to detect damage in bridge decks. 

 

2.9.11 OTHER TESTING METHODS 

There are other field testing methods for concrete such as In Situ Testing by Microwave, 
Radiography and Electrical Resist of Membrane Pavements.  These are very specialized 
test methods and not commonly used in Alberta. 

2.10 CONCRETE GIRDERS 

At the end of this section are lists of most precast and prestressed girder types that will be 
encountered by a bridge inspector in Alberta.  At the beginning of this section are some information 
and general observations on the concrete girders that are common to all these types. 

2.10.1 PRECAST GIRDERS 

For the sake of convenience concrete girders have been classified as precast and 
prestressed, although most of the latter are also precast. Precast girders by our definition 
are concrete girders that are manufactured at a central plant using only ‘mild steel 
reinforcing’ and then are transported by truck to the bridge site.  Concrete members that are 
cast at the site in their final position are called ‘cast-in-place’, abbreviated ‘CIP’. .  

2.10.2 PRESTRESSED GIRDERS 

'Prestressed' denotes a special kind of reinforcing method that involves the use of high 
tensile steel strands that are tensioned to produce compression forces in the girder 
concrete.  These girders can be ‘pre-tensioned’ in which the steel strands are 
pulled/tensioned in a stressing bed before the girders are cast in a form and the strands are 
cut after the concrete has hardened transferring compression forces to the girder or they 
can be ‘post-tensioned’ in which ducts are provided in the girders at the time of casting and 
steel strands are placed and tensioned against the ends of the girders after the concrete has 
hardened.  The ducts in these girders are generally grouted after the stands are tensioned. 
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2.10.3 PROTECTION OF REINFORCEMENT 

All prestressed and precast girders depend on the embedded steel reinforcement to pick up 
tensile stresses. Reinforcing bars are usually protected from corrosion by a certain amount 
of clear cover of concrete, ranging from 25 mm to 50 mm or more. The concrete tends to 
provide an alkaline environment of up to pH=13, which prevents rusting.  

 
In the case of prestressed girders, the design requirements of this method have the steel 
strands exiting the end of the member at some time during manufacture, and only later are 
the cables cut off, ground back, and the ends grouted in to protect them from the elements. 
If this grouting is not done properly water may get access to the ends of the strands and 
moisture may travel down the strands to critical locations along the girders.  Unfortunately, in 
most cases the ends of prestressed girders are not easy to inspect, since they are normally 
obstructed by other girder ends or by the abutment. Inspectors should check the ends of 
these girders as much as possible and look for signs of leakage and deterioration that might 
indicate this type of problem. 

 
Concrete girders with normal mild steel reinforcing are designed with less reinforcing steel in 
tension than is required to develop the full compression strength of concrete.  This is 
commonly referred to as an ‘under reinforced beam’.  This is done so that in failure mode 
the reinforcing steel will yield and the girder will sag developing very large detectable cracks 
in the tensile zone which will give lots of warning of failure. 

 
However, prestressed girders do not behave this way and steel strands that are subjected to 
damage by corrosion or high load hits can fail suddenly and, if multiple strands break, there 
can be a sudden collapse of the girder.  Inspectors need to inspect these girders very 
closely for any corrosion straining, spalling or any other evidence of problems with the steel 
strands. 

 
One methods of detecting the failure of stressing strands is by Acoustic Emission Monitoring 
which can record the elastic energy of the breaking strand.  This method has been used on 
steel structures for many years but is not commonly used on prestressed concrete girders.  

2.10.4 HIGHWAYS LOADINGS 

The allowable live load on highways has increased significantly over the past fifty years.  
New concrete girders have been designed for these higher live loads but many older girders 
were only designed for lower live loads.  In Alberta these older concrete girders have been 
evaluated for live load capacity.  Some of these girders have been strengthened and/or 
improved analysis techniques have shown these girders have additional load sharing 
capacity which can carry these increased loads.  Where girders have not been strengthened 
or have not been found to have extra capacity, the bridge has been posted for lower then 
present legal live loads. 
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2.10.5 LOAD SHARING 

Load sharing offers a possible increase in bridge loadings due to the fact that some of the 
applicable codes did not allow the benefits of load sharing to be taken into account when 
designing the strength of older precast concrete girders. In other words, such a girder was 
designed to take the full impact and load from a set of left or right truck tires without passing 
some of this load on to neighboring girders through connections such as rods, bolted 
flanges, welded connections, or grouted candy cane rebar connections. Later designs called 
for field-cast diaphragms with normal reinforcing bars and lateral post-tensioning 
connections. Even though the design sometimes did not allow for the benefits of load 
sharing, they are exploited at every opportunity, either at time of manufacture or by retrofit 
joining methods.  

2.10.6 EARLY CONCRETE GIRDERS 

Precast girders in Alberta are designated by a single or double letter indicating the girder 
type, and by a two or three letter abbreviation utilized by the computerized bridge 
information system (BIS). 'A'-girders, which are described below as a channel with end 
blocks, resemble an inverted, shallow bath tub, as do G, E, and H girders (however, the 
term bath tub girder is reserved for a larger, more recent girder type). Type 'A' girders were 
used until 1952. In those days designers intended for the most part to produce a simple 
bridge building method that could be carried out in winter, without the use of cast in place 
concrete, welding, or other temperature-sensitive installation devices. The idea was to 
bridge a pair of abutments and possibly a number of timber pile bents with a number of 
precast girders that could be hoisted into place with a small boom crane attached to a 
transport truck. At that period of time, calculations required for load sharing were very 
complicated and the state of the art for shear design did not provide for proper stirrups 
which were either absent or lacked hooks that wrapped around the main reinforcement. 
Main steel was spot-welded to the stirrups, a method that was later ruled out due to possible 
loss of section in the bars. These early bridge girders performed quite well on gravel roads, 
but exhibited considerable distress once these roads were paved and exposed to deicing 
chemicals, beginning in 1960.  

 
The year 1952 marked a change-over to H20-S16 loadings, which was accomplished with a 
change from 'A' girders to 'G' girders. 'G' girders in turn gave way to HC girders in 1961. 
Recently, 'G' girders have been the subject of considerable attention when it was suspected 
that they may have insufficient shear strength at the end blocks due in part to improper or 
insufficient stirrups. They resemble 'A' stringers in utilizing the inverted bath tub shape, and 
were produced like the 'A' stringers in lengths up to 8.5 m (28'). Experimental evidence has 
since shown that this girder type will safely carry 16 tonne axle loadings on 8.5 m spans, 
and 20 tonne axles on 6.1 m (20') spans. 

 
More information and details on some of these early concrete girders can be found on the 
Department’s Standard Drawing S-534. 
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2.10.7 CURB UNITS 

Early curb girders typically have a cross-section which will accommodate the impact of run-
away vehicles, guard rails and utility lines. On the other hand, these girders receive very 
little normal traffic load. These curb units are subject to lateral displacement by grader 
strikes and other traffic impacts, and connections to adjoining girders have been a major 
concern ever since the early days of precast girder installations.  

 
In 1958 the 8.5 m curb 'G's were made of light weight concrete weighing 1681 kg/cu.m in 
order to allow for installation by the usual truck-mounted boom crane, rather than by special 
heavy duty cranes. However, in 1961 the use of lightweight concrete in precast girders was 
restricted to secondary and local roads when it was discovered that this material was 
especially prone to break up under heavy traffic and salt action. However, a few years later, 
semi-lightweight concrete in which only the coarse aggregate is lightweight was adopted for 
use on primary highways.  

2.10.8 GIRDER CONNECTIONS 

There have been a variety of bolted connections tried on early precast girders, some of 
which were abandoned when it was discovered for instance that holes provided in the 
girders could not be lined up during erection. The first girder fully designed to be connected 
to its mates was the 'HC', 'C' symbolizing the connection. In 1974, the 'HC' was in turn 
replaced by the VS, which was 510 mm deep, and also departed from the inverted bath tub 
shape to become a closed box containing hollow voids and prestressed cables. The VS 
girder was replaced in 1979 by its metric counterpart, the SM.  In 1990 the SM girders were 
replaced with SC girders which remains the major girder type for spans up to 12 m.  
Connections are made by channel pockets.  

 
Other longer prestressed girders were connected with grout keys and reinforcing steel 
candy cane shape bars.  These include the Type ‘M’ box girders with spans up to 15.2 m, 
the Type ‘RD’ and ‘RM’ box girders with spans up to 25.4 m, and the F(Fernich) series 
girders (Type ‘FC’, ‘VF’ and ‘FM’) with spans up to 38 m. 

2.10.9 PROBLEMS WITH CONNECTIONS 

The pocket type of connection used in 'SC' and its predecessors proved to be somewhat 
less than satisfactory in that the bolts connecting the pockets worked loose and then 
allowed differential movements of adjoining girders. The pockets are relatively small, less 
than a square foot in size, and somewhat infrequent along the length of the girder. Re-
tightening is only possible after the wearing course and grouting material is removed from 
the pockets. Pockets have also been welded together in order to enhance the connection. 

 
The grout key/candy cane connections have also had problems. In some respects the grout 
key connection (candy cane) resembles a zipper. In girders exceeding a length of 30 m this 
candy cane connection is prone to fail, usually beginning with the 2nd or 3rd girder 
connection from the curb, due to differential live load deflections. This type of failure is 
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assisted by the spacing of the candy canes. Installation requirements preclude close 
proximity of opposing canes as this arrangement would result in candy cane collisions 
during the approach of two adjoining girders during erection. For this reason the candy 
canes are spaced so that they will fall into the middle between two adjoining canes when the 
girders are joined. The slack in shear resistance was then supposed to be made up by 
inserting a long rod into the circle described by opposing hooks before grouting the small 
blocked-out space at the top outside edges of the girders containing the rows of candy 
canes. Since this grout key was stressed in flexure rather than in tension, it often let go. 
Impending failures of this kind are noticeable by raveling and other delaminations in the 
grout key.  

 

2.10.10 CONCRETE OVERLAYS 

Since 1977 approximately 250 bridges have undergone major deck repairs followed by a 
concrete overlay.  The purpose was to replace the deteriorated concrete and then to provide 
some waterproofing of the bridge deck to prevent or lessen future problems.  The concrete 
overlays were generally in conjunction with new waterproof deck joints.  The types of 
concrete overlays used have evolved over the years. 

 
High Density Overlays  
The first concrete overlays were referred to as high density overlays.  These were a special 
concrete mix design with very low water/cement ratio and zero slump.  It had to be put down 
with a special finishing machine.  Over time it was shown that these overlays developed 
cracks and were more porous than originally assumed. 

 
Silica Fume Overlays 
With the development of silica fume as an admixture that improved the impermeability of 
concrete, silica fume overlays were developed for use on bridge decks.  Although these 
overlays proved to be less permeable than the high density overlays, the overlays still 
develop cracks. 

 
Silica Fume Fibre Reinforced Overlays 
To help prevent and control the cracking, short steel fibres were then introduced to the 
concrete mixture.  This seemed to improve the cracking problem particularly when combined 
with better and longer curing techniques. 

 
High Performance Fibre Reinforced Concrete Overlays 
Recent developments with high performance concrete have shown a fly ash used with silica 
fume can improve the quality of the concrete overlay.  The Department has now developed 
a specification for a high performance fibre reinforced concrete overlay using silica fume and 
fly ash.  This specification also requires fog misting of the concrete overlay while it is being 
placed and seven days of moist curing.  
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2.10.11 PRECAST CONCRETE STRENGTH 

The design strength of the first precast units was 27.6 MPa (4000 psi) and increased to 34.5 
MPa (5000 psi) in the late 50's for type 'E' girders, which were extended to span lengths of 
up to 12.8 m as compared to the 8.5 m of maximum length of 'A' and 'G' girders. When HS-
25 design loading was introduced in 1973, the required release strength increased to 27.6 
MPa and also the 28 day strength increased to about 41.4 MPa (6000 psi). Currently for NU 
girders, the required release and 28 day strengths are 40 MPa and 55 to 70 MPa 
respectively. 

2.10.12 TABLE OF PRECAST GIRDERS 

In the following tabulation of girder types the symbol ">" denotes sequential developments 
or metrication of a given girder model, e.g. HH > HC > VH means that the VH was 
developed from the HC, which itself was a further development of the HH girder model.  

2.10.12.1 Type A. Abbreviation: PA  

Description:    Channel with end blocks. Slanted inside walls. 
Concrete Specification:  4000 psi, Air: 3 - 6%, Normal Weight  
Connection:  Some bolted. 'Peterson fix' involved retrofit hollow connection bolt 

capable of filling void space between girder legs with grout.  
Dimensions:   L = 16', 20', 28'  
    W = 3'  
    D = 16"  
Years of Production:   1950 to 1952  
Design Loading:  H 15-S12  
Problems:  Design at one point had called for a long rod connecting girders 

laterally across the whole roadway. Installers had troubles lining up 
the holes for the rod and omitted it frequently. The design was for a 
relatively light loading and required revision with the advent of heavier 
trucks.  

Service: Inspection is to refer to girder mark and if possible, to indicate 
condition of connector bolts near mid span. Observe load sharing 
between girders near mid span under live loads, and look for flexural 
cracks along girder legs at main steel level, normally 100 mm from the 
bottom of leg. Look for shear cracks close to the supports, and check 
for spalled girder legs.  

 

2.10.12.2 Type G. Abbreviation: PG  

Description:    Inverted open box channel with end blocks.  
Concrete Specification:  5000 psi, Normal and lightweight concrete; Air: 3 - 6 %.  
Connection:  None except some curb stringers were connected to prevent grader 

push out. This type was referred to as 'MC'.  
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Dimensions:   L = 20', 28'  
    W = 3'  
    D = 16"  
Years of Production:   1953 to 1960  
Design Loading:   H 20-S16  
Problems:  Insufficient number of stirrups. Presumed insufficient shear strength in 

end diaphragms. Lack of load sharing. Gravel entered between 
girders wedging them out of plumb. Stringer legs spalling at bottom.  

Service:  Tests carried out in 1986 showed girders were safe - 28' girders good 
for 16 tonne axles, 20' good for 20 tonne axles. There have been no 
failures in service to date. Inspection should be similar to 'A' girders. 
Check for diagonal cracks indicative of torsional stresses in the 
endblocks. These can only be inspected routinely from the inside. 
Check stringer legs for vertical cracks, changing to diagonal cracks 
toward the ends. A program of load sharing is underway by 
connecting girders with a 100 mm reinforced concrete overlay. Some 
stringers have been repaired with fibre-reinforced shotcrete. Check for 
spalled girder legs.  

  

2.10.12.3 Type E. Abbreviation: PE  

Description:    Channel. Outside of legs slightly slanted.  
Concrete Specification:  5000 psi; Air: 4.5% + or - 1%.  
Connection:    Candy cane grout key.  
Dimensions:   L = 20' to 42'  
    W = 3'  
    D = 24"  
Years of Production:   1952 to 1965  
Design Loading:   H 20-S16, 3/5 wheel load per stringer.  
Problems:  Candy cane connection is coming apart in places. Notice that the load 

design is predicated on the ability to share one fifth of the H20-S16 
loading on either side.  

Service:  This was a strengthened version of the Type 'G' girder, with the 
addition of a grouted connection. Inspect same as Type 'G', and 
sound out grout keys with a hammer.  

 

2.10.12.4 Type H. Abbreviation: HH > HC > VH  

Description:    Channel with end blocks.  
Concrete Specification:  Normal weight and light weight concrete. HC 4000 psi., VH 4500 psi. 

Minimum Air: 5%  
Connection:  HH had no connection. HC & VH had channel connectors, which are 

bolted pockets.  
Dimensions:   HC L = 20', 28', 33', 38'  
     W = 3'  

 
2-26

BIM
Bridge Inspection and Maintenance



 
June 2007 

CHAPTER 2 - CONCRETE 
 

     D = 20"  
    VH L = 20', 28', 33', 38'  
     W = 3'  
     D = 22"  
Years of Production:  HC = 1961 to 1974  
    VH = 1973 to 1974  
Design Loading:  HC = HS 20-44  
    VH = HS 25  
Problems:  There are problems with the connector pockets. The connecting bolts 

proved inadequate. Salt collected in the pockets causing deterioration 
of steel and adjoining concrete.. Girder legs are spalling at the bottom.  

Service:  Some girder legs have been repaired with shotcrete. The 'V' in 'VH' 
stands for 5 and denotes the HS-25 loading, which was achieved by 
lengthening the legs 2". Channel connectors were welded together 
later to improve the connection between girders. Some of these 
girders have been repaired with a 50-65 mm concrete overlay.  Prior 
to the overlay U connectors were installed and grouted in between 
each girder at 1 m intervals.  In a few cases drill holes for the 
connectors were misaligned so that U connectors exit on the side of 
the girder leg.  Record such occurrences.  

2.10.13 TABLE OF PRESTRESSED GIRDERS 

2.10.13.1 Type O. Abbreviation: PO > OM  

Description:  This is a non-adjacent I-girder requiring field casting of a deck 
between girders. The bottom flange of the I-section is thickened to a 
bulb. The I is fused to form a rectangular end block to resist shear.  

 Concrete Specification:  42 MPa. Semi-lightweight concrete.  
 Connection:    By cast-in-place slab.  
 Dimensions:   PO L = 28' to 148'  (dimensions are re-calculated for each bridge) 
     W = 2' approx.  
     D = 4' approx.  
    OM L = 31 m, 40 m  
     W = 850 mm  
     D = 1800 mm  
Years of Production:  PO = 1955 to 1965  
    OM = 1980 to 1981  
Design Loading:  PO = H 20-S16  
    OM = MS 230  
Problems: Deterioration of the grout patches over the post-tensioning 

anchorages at the ends of the girder.   
Service:    OM is the metric version of PO.  
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2.10.13.2 Type F (FENRICH). Abbreviation: FC > VF > LF > FM  

Description: Channel with picture frame sides. Legs have thick bottom ends. End 
blocks present.  

Concrete Specification:  FC = 5000 psi  
    VF = 5500 psi  
    FM = 35 MPa (Curb-38 MPa) 

Concrete = Normal weight and semi-lightweight; Minimum Air: 5%  
Connection:    Candy cane grout key. Legs of interior units were bolted together.  
Dimensions:   VF L = 52'  
     W = 5'-4"  
     D = 4'-6" (varies)  
    FM L = 22 m to 38 m  
     W = 1625 mm  
     D = 1170 mm (varies)  
Years of Production:   FC = 1961 to 1975  
    VF = 1973 to 1977  
    LF = 1976 to 1979  
    FM = 1978 to 1983  
Design Loading:   FC = HS 20-44  
    VF = HS 25-44  
    LF = HS 25-44  
    FM = MS 230  
Problems:  Zipper-like failures in grout keys, due to corrosion of candy cane bars, 

sometimes at age 5 years or less. There was also a suggestion that 
this girder type needs more dead load to improve the ratio between 
live load and dead load.  

Service:  After the grout key failure of some of these longer units, a number of 
repair procedures for improving the lateral connection of the girders 
were developed.  These include lateral post-tensioning through the 
girder legs, underslung diaphragms, lateral post-tensioning through 
the deck or combinations of these.  

2.10.13.3 Type M. Abbreviation: PM > VM  

Description:    Closed box with tubular voids and slightly slanted sides.  
Concrete Specification:  5000 psi. Normal weight concrete. Minimum Air: 5%  
Connection:    Candy cane grout key.  
Dimensions:   L = 50'  
    W = 3'  
    D = 24"  
Years of Production:  PM = 1963 to 1973  
    VM = 1974  
Design Loading:  PM = HS 20-44;  
    VM = HS 25  
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Problems:  Failure of some candy cane connections. In skewed applications the 
girders sometimes refused to sit flat on abutments during erection.  

Service:    This girder worked well. Inspect as before.  

2.10.13.4 Type VS. Abbreviation: VS > SM >SC 

Description:    Closed rectangular box with tubular voids.  
Concrete Specification:  VS = 5000 psi, SM = 35 MPa; Semi-lightweight.  
Connection:    Channel connections (bolted pockets).  
Dimensions:   VS L = 20', 25', 30', 35'  
     W = 4'  
     D = 1'-8"  
    SM L = 6 m, 8 m, 10 m, 11 m  
     W = 1206 mm  
     D = 510 mm  
    SC L = 6 m, 8 m, 10 m, 12 m, 14 m 
     W = 1206 mm 
     D = 510 mm 
Years of Production:  VS = 1974 to 1979  
    SM = 1978 to 1989  
    SC = 1990 to present (2001) 
Design Loading:   VS = HS 25-44;  
    SM = MS 23 & 225;  
    SC = CS750  
Problems:  Bolts in connector pockets proved to be inadequate. Some pockets 

were therefore welded together. Voids tend to float up during pour.  
Service:  The SM is the metric version of the VS. Some applications were 

modified by adding a connecting slab to the top which is tied to the 
SM girders by rebar dowels to form a composite deck (SMC). In 1990, 
SM girders were modified to SC girders to accommodate the new CS 
750 design loading. SC girders with projecting rebar to form a 
composite deck are designated as SCC girders. Inspect as before.  

2.10.13.5 Type RD. Abbreviation: RD > RM  

Description:    Closed rectangular box with rectangular voids.  
Concrete Specification:  5000 psi; Semi-lightweight concrete  
Connection:    Candy cane grout key.  
Dimensions:   RD L = 30' to 80'  
     W = 4'  
     D = 2'-6"  
    RM L = 12 m to 28 m  
     W = 1206 mm (varies)  
     D = 610 mm to 915 mm  
Years of Production:  RD = 1974 to 1979  
    RM = 1980 to 1981  
Design Loading:  RD = HS 25-44  
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    RM = MS 23 (0.7 wheel line per girder)  
Problems:  Sometimes cracks developed in endblock during stressing. Also in 

skewed applications girder would not sit flat on abutments during 
installation.  

Service:  Load sharing is assumed at 15% on either side of each girder. This 
requires checking of the candy cane grout key. Also check the end 
block for stressing cracks. Otherwise inspect as before.  

2.10.13.6 Type Deck Bulb T. Abbreviation: DBT > DBC 

Description:    T-girder with thickened bulb-shaped leg.  
Concrete Specification:  1800 Series uses semi-lightweight in the bulb and webs. 
    Remaining concrete is normal weight 35 MPa and 38 MPa.  
Connection:  Post-tensioning laterally through top flange of T. Field-cast end and 

intermediate diaphragms utilizing reinforcing steel tying to Richmond 
inserts in curb members.  

Dimensions:   DBT L = 10 m to 42 m  
     W = 1.2 m to 2.0 m  
     D = 0.8 m to 1.8 m  
    DBC L = 18 m to 42 m 
     W = 1.2 m to 2.0 m 
     D = 0.8 m to 1.8 m 
Years of Production:   DBT = 1981 to 1989 
    DBC = 1990 to 2007  
Design Loading:  DBT = MS 300; DBC = CS 750  
Problems:  Cracks along longitudinal grout keys have been observed in some 

bridges and is a potential problem.  
Service:  The improved connecting detail reflects current state of the art. 

Connections require specific inspection, especially at ends of lateral 
tendons. 

 

2.10.13.7 Type NU. Abbreviation: NU 

Description: Spaced apart. I-shaped girders require field casting of concrete deck. 
The bottom flange is 975 mm to 1000 mm wide to accommodate a 
large number of strands and provide added stability. 

Concrete Specification: 55 MPa to 70 MPa; Normal weight concrete 
Dimensions:   L = up to 65 m 
    W = 1225 mm (prestressed), 1250 mm (post-tensioned) 
    D = 1200 mm to 2800 mm 
Years of Production:  2000 to Present (2007) 
Design Loading:  CS750 & CL800 
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3.0 CHAPTER 3 - STEEL 

3.1 INTRODUCTION 

Steel is a reliable and versatile construction material which has been used in the construction of 
medium and long span bridges. It has high tensile, compressive, and shear strengths, and behaves 
as nearly perfect elastic material within the usual working stress ranges. It has reserve strength and 
the ability to deform greatly beyond the yield point before failure.  The major disadvantage of steel 
bridge construction is its susceptibility to corrosion, but this has been over come to a degree by 
improved protective coatings or chemical additives, and by the use of alloys in the steel itself.  
 
The most common forms of defects and deterioration that occur in steel are corrosion, cracking, 
and distortion of members.  Corrosion damage occurs in unprotected steel in the presence of 
oxygen and moisture. However, the corrosion is aggravated by continuous wet conditions and 
exposure to aggressive ions such as chlorides from deicing salts. The cracking that occurs is the 
result of fatigue and poor design details that produce high stress concentrations. Cracks can also 
occur as a result of poor welding techniques that are not compatible with the steel being welded. 
Distortion of members resulting in a bent or twisted member can be caused by a number of ways 
such as overloads, collision damage, thermal stress from frozen bearings, expansion joints, and 
fire. The sections presented here go into the details on chemical composition, modes of failure, 
causes of failure and deterioration, and inspection methods. 

3.2 STRUCTURAL STEEL 

3.2.1 MANUFACTURE OF STEEL 

Steel is a man-made metal which is composed of 95 per cent or more iron.  The remainder 
consists of small quantities of other elements, some of which are from the raw material itself, 
and some of which are added during the steel-making process. The elements which are 
found in steel and greatly affect its physical properties are carbon(C), manganese (Mn), 
phosphorus (P), sulphur (S), and silicon (Si). Other alloying elements which are added in 
minute quantities are copper (Cu), vanadium (V), nickel (Ni), chromium (Cr), and columbium 
(Cb). These elements will improve the mechanical properties, corrosion resistance, or both.  
The manufacture of steel involves a number of steps and processes before the new material 
is converted into the final product, steel. Some of the steps in the steel making process are 
as follows:  

 
a. The raw material iron ore, limestone, and coke are first charged into the top of a blast 

furnace.  In the blast furnace, solid fuel is burned with heated air blown in at the 
bottom, and the charge as it descends undergoes several reductions until it finally 
emerges at the bottom as "pig iron". 

 
b. The "pig iron" is in turn converted into steel in a special steel making furnace (open 

hearth, basic-oxygen, or electric furnace).  
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c. Oxygen is essential in all steelmaking processes because it is used to oxidize excess 
elements such as carbon. The dissolved oxygen content of steel poured from the 
furnace is high enough so that when poured into the ingot molds it will react with 
carbon to form carbon monoxide gas which could be trapped in the steel ingot during 
solidification.  To control the amount of dissolved oxygen, silicon or aluminum is 
added to the molten steel as a deoxidizer.  Depending on the degree of 
deoxidization, steel with the highest degree of deoxidization is termed "killed steel"; 
intermediate degree of deoxidization is "semi-killed" steel; and "rimed" steel is the 
lowest degree of deoxidization. Structural steel is produced either as semi-killed or 
killed steel, depending on thickness or principal application. 

 
d. The ingots are then re-heated in a "soaking pit" and then passed through the bloom 

mill, the breakdown mill, and finally the finishing mill where the product is shaped. 
 

During the steelmaking process, a sample of molten metal is taken for a chemical analysis 
known as the "ladle analysis". This analysis is on the mill test-certificate covering the related 
"heat" of steel for one production lot of steel from a steelmaking unit. 

 
The potential mechanical properties of steel are dictated by its chemical composition, but 
the final mechanical properties of the steel are strongly influenced by rolling practice, 
finishing temperature, cooling rate, and subsequent heat treatment. In the rolling process, 
the material passes through rollers revolving at the same speed in opposite directions. 
Rolling shapes the steel, reduces its cross-section, elongates it, and increases its strength.  

3.2.2 CHEMICAL COMPOSITION OF STEEL 

The chemical composition of steel is important since it determines the mechanical properties 
of the finished steel product and controls the degree of corrosion resistance and weldability 
of the material. For this reason, the aim of steel specifications is to set limits for the steel 
producer to meet the various requirements.   

 
Some of the more common elements found in structural steel, and their effects on steel are 
as follows:  
a. Carbon (C) 

Carbon is the most important nonmetallic element in steel.  Increasing the carbon 
content increases hardness, strength, and abrasion; but ductility, toughness, impact 
properties, and machinability decrease.  

 
In general, carbon steel may be divided into three classes, depending on the amount 
of carbon present: 1) Mild or low carbon steel is steel with less than 0.25 percent 
carbon content, 2) Medium carbon steel is steel with a carbon content of 0.25 to 0.50 
percent carbon content, and 3) High carbon steel is steel with a carbon content of 
0.50 to 0.90 percent.  

 
b. Manganese (Mn) 

Manganese will chemically interact with sulphur and oxygen to make it possible to 
roll hot steel in to shapes. It serves as a cleanser of molten metal by drawing these 
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impurities into the slag. It increases the strength, hardness, and machinability of 
steels, and also has a beneficial effect on steel by increasing its response to heat 
treatment.  

 
c.  Phosphorus (P) 

Phosphorus increases strength, fatigue limit, and hardenability, but reduces ductility, 
weldability, and toughness. It improves machinability of steel high in sulphur, and 
under some conditions may help to increase corrosion resistance.  

 
d.  Sulphur (S)  

Sulphur is added to steel to increase machinability. Because of its tendency to 
segregate, sulphur may decrease the ductility of low carbon steel.  Its detrimental 
effect in hot rolling is offset by manganese.  

 
e.  Silicon (Si) 

Silicon is mainly used in steel as a deoxidizer. In amounts greater than 2.5%, the 
silicon prevents the carbon from going into solution, causing the metal to become 
brittle and hard. This makes the steel susceptible to shocks and fatigue cracking.  

 
f.  Copper (Cu)  

The addition of copper to low carbon steel (up to 0.35%) provides two benefits. It 
increases resistance to atmospheric corrosion and provides a slight increase in 
strength. It also increases hardenability, with only a slight decrease in ductility and 
little effect on notch toughness and weldability. 

 
g.  Vanadium (V) 

Vanadium was originally used in steel as a cleanser, but is now employed in small 
amounts to make strong, tough, and hard low alloy steel. It increases the tensile 
strength without lowering ductility, reduces grain growth (fine grain structure), 
increases the fatigue-resisting qualities of steels, and improves response to heat 
treatment. 

 
h.  Nickel (Ni)  

Nickel is soluble in iron, adds strength to the metal, and increases resistance to 
corrosion in the same way as copper, but is less effective than copper. 

 
i.  Chromium (Cr)  

Chromium serves to increase strength, hardness, abrasion, and corrosion 
resistance. When mixed in correct proportions with phosphorus and copper, it 
develops a very dense oxide coating that inhibits further corrosion. 

 
j. Other Elements 

Columbium, molybdenum, and titanium are elements used in the production of 
stainless steel. They increase tensile strength, improve corrosion resistance, and 
resistance to creep. 
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3.3 TYPES OF STRUCTURAL STEEL 

ASTM A36 steel was introduced in 1960, replacing the A7 (33 ksi) bridge steel of the previous 60 
years. The advantages of A36 (36 ksi) was that it had a 10% increase in yield strength and it was 
weldable. A7 steel did not have the chemical composition to guarantee its weldability. The only A36 
steel structure bridge constructed in Alberta with this material was the Red Deer River bridge on 
Highway 2 in 1962. A36 steel did not have the notch toughness and low temperature properties 
needed for a weldable bridge steel in Canada. CSAG40.8 44W was introduced about 1962 to fill 
this gap which provided good notch toughness characteristics. In 1973, CSA G40.21 "Structural 
Quality Steel" was introduced, and all CSA standards for structural steels that were in existence 
prior to the introduction of G40.21 were withdrawn.  The metric version of the standard is G40.21M. 
 
CSA Standard G40.21M "Structural Quality Steels" lists six types of steel:.  
 
a. Type G - General construction steel that is basically carbon-manganese steel that has its 

chemical composition control at a minimum.  Not all steel produced can be welded under 
normal field conditions.  

 
b.  Type W - Weldable steel is suitable for general welded construction. It is not suitable for low 

temperature service where notch toughness is a prime concern. In bridge construction, it is 
used in compression members.  

 
c.  Type T - Weldable low temperature steel is produced to a higher standard than Type W 

steel. In bridges, it is used in tension members and is suitable for low temperature 
application. 

 
d.  Type R - Atmospheric corrosion resistant structural steel is a low alloy steel which resists 

atmospheric corrosion. Thicknesses greater than 12 mm (1/2 inch) cause welding problems 
by creating brittleness in the heat affected zone. Therefore, Type R is not used in bridges. 

 
e.  Type A - Atmospheric corrosion resistant structural steel with improved low temperature 

properties, and high strength. These steels are used in bridge construction and can be field 
or shop welded in all thicknesses. 

 
f.  Type Q - Quenched and tempered low alloy steel plate which has high yield strength and 

good resistance to brittle, fracture, is easily welded, and widely used in plate girders.  
 
CSA G40.21M also specifies nine minimum yield point strength (MPa) levels.  The strength levels 
are 230, 260, 290, 300, 350, 380, 400, 480 and 700 MPa.  Not all strength levels are available in 
each type of steel because of lack of application or because necessary alloy contents preclude a 
lower strength steel. 
 
The grade of steel is identified by a number and a letter indicating the strength level and type of 
steel.  Table 3.1 summarizes the grades, types, strength levels, and chemical composition of some 
of the steels mentioned above. For more complete information consult CSA Standards G40.20M 
and G40.21M. 
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Grade Carbon (C) 
% 

Manganese (Mn) 
% 

Phosphorus (P) 
% 

Sulfur (S) 
% 

 
230G 
260W 
300W 
350W 
300T 
350T 
350R 
350A 
700Q 

 
0.26 
0.20 
0.22 
0.23 
0.22 
0.22 
0.16 
0.20 
0.20 

 

 
1.20 

0.50/1.50 
0.50/1.50 
0.50/1.50 
0.80/1.50 
0.80/1.50 

0.75 
0.75/1.35 

1.50 
 

 
0.05 
0.04 
0.04 
0.04 
0.03 
0.03 

0.05/0.15 
0.03 
0.03 

 

 
0.05 
0.05 
0.05 
0.05 
0.05 
0.04 
0.04 
0.04 
0.04 

 

Grade Silicon (Si) 
% 

Chromium (Cr) 
% 

Nickel (Ni) 
% 

Copper (Cu) 
% 

 
230G 
260W 
300W 
350W 
300T 
350T 
350R 
350A 
700Q 

 

 
0.35 
0.35 
0.35 
0.35 

0.15/0.40 
0.15/0.40 

0.75 
0.15/0.40 
0.15/0.35 

 

 
-- 
-- 
-- 
-- 
-- 
-- 

0.30/1.25 
0.70 

Boron 
0.0005/0.005 

 
-- 
-- 
-- 
-- 
-- 
-- 

0.90 
0.90 

 

 
-- 
-- 
-- 
-- 
-- 
-- 

0.20/0.60 
0.20/0.60 

 

 
Table 3.1 Grade, Type, Strength Levels, and Chemical Composition of Steel 
 
Note:  (1) All percentages are maximum.  
  (2) Copper content of 0.20% minimum.  

3.4 MECHANICAL PROPERTIES OF STEEL 

Mechanical properties of structural steel are those properties of the material that are associated 
with elastic and inelastic reaction when force is applied, or that involve the relationship between 
stress and strain. The wide range of mechanical properties attainable in structural steel results 
largely from the fact that steel is a composite material. The significant constituents are a) the matrix 
iron, which is soft and ductile, and b) the particles of iron carbide which are extremely hard and 
strong. The strength, ductility, and toughness properties depend on three factors: 1) the relative 
amounts of the constituents, 2) changes in the nature of the soft matrix, and 3) the size, shape, and 
distribution of the hard particles dispersed within the matrix.  
 
Some of the more important properties of steel are:  
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a.  Brittleness: Brittleness in steel is the quality of the steel that leads to crack propagation 
without appreciable deformation in the steel before cracking takes place.  

 
b.  Ductility: The property of metal that permits large plastic permanent deformation before 

fracture by stress in tension. In a standard tension test, ductility is measured by the amount 
of elongation the specimen undergoes over a standard gauge length (8 inches or 2 inches). 
Ductility is the opposite of brittleness and steels range from brittle to ductile.  

 
c.  Elasticity: Elasticity is the property of a material by which it tends to recover its original size 

and shape after deformation. 
 
d.  Fatigue Limit: The fatigue limit of a material is the maximum stress that a metal will 

withstand without failure for a specified number of cycles of stress.  
 
e.  Hardness: Hardness is the resistance of a metal to plastic deformation by indentation or by 

other means such as scratching and abrasion. It is not a simple property because complex 
stress patterns develop during testing.  However, hardness measurements can be made 
relatively easily and consistently to give an index of strength and structural coherence. 
There are numerous methods for measuring hardness, but the three most widely used are 
Brinell, Rockwell, and Vickers.  

 
f.  Toughness: The ability of a metal to absorb considerable energy and deform plastically 

before fracturing, is an important design criterion when structures are subjected to impact 
loads.  At room temperature, common structural steel is tough and fails in a ductile manner, 
but at lower temperatures, a point is reached at which steel loses its toughness and fails in a 
brittle manner. This characteristic is measured by means of a Charpy V-Notch impact test 
(ASTM A673).  The higher the transition temperature, the more brittle the metal becomes. 

 
g.  Yield Point: The yield point is the stress in a metal at which an increase in strain occurs 

without a proportional increase in stress.  It is the point at which permanent deformation 
begins to occur.  

 
h.  Yield Strength: The stress at which a material exhibits a specified limiting deviation from 

proportionality of stress to strain.  
 
i.  Tensile Strength: The maximum tensile stress which a material is capable of sustaining. 

Tensile strength is calculated from the maximum load during a tension test carried to rupture 
and the original cross-sectional area of the specimen. It is also known as the ultimate 
strength. 

 
j.  Weldability: The weldability of a metal refers to the relative ease of producing a satisfactory 

crack-free, sound joint. Before welding is done on any members, the welding procedure for 
joining any type of steel should be based on the steel's actual chemistry, rather than the 
maximum alloy content allowed by the specification. This is because a mill's average 
production normally runs considerably under the maximum limits set by the specification. 
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When steel members are welded, the weld is usually stronger than the parent material, and when 
samples are tested in tension, the zone of failure is usually in the parent material and not in the 
weld. The reasons why weld material has higher strength than the parent material are: (1) The core 
wire used in the electrode is of premium steel, held to closer specifications than the steel to be 
welded, and (2) there is complete shielding of the molten metal during welding.  This, plus the 
scavenging and deoxidizing agents and other ingredients in the electrode coating, produces a 
uniformity of crystal structure and physical properties on a par with electric furnace steel.  
 
Some of the structural shortcomings of welded construction are: (1) Distortions that result from 
differential cooling of the weld and its surrounding metal, and, consequently formation of hidden or 
"locked-up" stresses, which are quantitatively difficult to assess, and (2) brittleness of the weld or its 
surroundings at low temperatures.  

3.5 DETERIORATION AND DAMAGE OF STEEL 

3.5.1 CORROSION OF STEEL 

The usually accepted definition of corrosion is limited to metals, and involves some kind of 
chemical reaction. Corrosion is then a deterioration or destruction, and a loss of material 
due to a chemical or electrochemical reaction with its environment. Because corrosion is an 
electrochemical process, the three basic elements necessary for corrosion are an anode, a 
cathode, and an electrolyte. These elements will cause a metal such as steel to oxidize or 
rust. Rust is then the conversion of metallic iron, through chemical or electrochemical 
reactions, into compound form. This compound may flake off the parent metal, and result in 
loss of section. Corrosion of unprotected steel can occur in the atmosphere, underwater, 
underground, chemical attack, or by electrolysis. Depending on the position in the 
electromotive force series, the corrosion tendency of a metal to corrode in a given 
environment can be identified.  For steel, the tendency to oxidize is high in this series. The 
structure and composition of rust will vary with the amount of oxygen present, and may 
determine the rate of further corrosion. If the rust is hard, dry, and well-bonded to the metal 
surface, it may retard corrosion, but if it is loosely bonded and spongy, it will absorb oxygen, 
moisture, and salt to promote further corrosion activity. Once the rust has flaked off, the 
surface below the flaked area will corrode and promote further rusting. 

3.5.1.1  Types of Corrosion 

Steel components are subjected to many types of corrosion. A brief explanation of 
the corrosion process is as follows:  

 
Galvanic Corrosion 
Galvanic corrosion occurs when we have two dissimilar metals or dissimilar 
conditions of the same metal in electrical contact with each other, and exposed to an 
homogeneous electrolyte. The anode is formed when a less noble metal is dissolved 
and the more noble metal will act as the cathode.  The corrosion current flows at the 
expense of the anode metal, which is corroded, whereas the cathode metal is 
protected from the attack. An example of this type of corrosion is steel and bronze. 
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Differential Environmental (Concentration Cell) Corrosion  
The concentration cell corrosion arises from a difference in electrolyte composition.  
When the electrolyte is not homogeneous, the electrode in the dilute solution 
becomes the anode and the electrode in the more concentrated solution becomes 
the cathode. Differences in the composition or concentration in the electrolyte are the 
result of varying moisture conditions, oxygen concentrations, type of soils, and 
foreign matter in the electrolyte.  This type of corrosion is associated with 
accumulation of moisture, dirt, soil, sand, gravel, and de-icing salts in contact with 
the steel. 

 
Stress Corrosion 
Stress corrosion is defined as corrosion due to residual or tensile forces which 
expose more of the grains in a stressed surface. As corrosion continues to penetrate 
the metal surface, stress and corrosion will start pitting and cause a small 
intergranular stress corrosion crack along the grain boundaries and eventually 
through the center of the grains. Examples of stress corrosion include localized 
attack of cold-worked such as sharp bends and punched holes. 

 
Chemical Corrosion 
Chemical corrosion is the result of direct attack by acids or diluted acids.  Chemical 
particles which are formed in the atmosphere as the result of natural or industrial 
activities include chlorine, carbon dioxide, and sulfur.  These chemicals can react 
with water or moisture in the air to form an acid film, and cause rapid deterioration. 

3.5.1.2  Corrosion Protection 

Corrosion of structural steel elements in bridges is a major problem confronting 
bridge designers. To reduce maintenance and repair costs, corrosion control is 
essential. Some of the methods in which corrosion can be minimized are:  

 
a. In the design stage, considerations should include selection of metals to suit 

the environment (weathering steel), minimize the galvanic action between 
metals (e.g. separate the contact surface of two different metals), provide 
adequate drainage to avoid ponding water, application of protective coatings.  

 
b.  Apply a protective coating over the base metal. This could be a passive 

coating which is less corrosive, such as nickel, copper, tin, or stainless steel. 
 

c.  Apply high quality epoxy paint coats, as well as having a repainting program. 
 

d. Cathodic protection uses two basic types of systems which are sacrificial 
anode and impressed current method.  It works on the principle that all 
corrosion on the structure will be halted if the electrical potential of the 
cathode areas is raised to the potential of the anodes. Once this has been 
accomplished, there is no current flow and therefore no corrosion can occur. 
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In the sacrificial system, magnesium, zinc, or aluminum is used as the anode and the 
steel becomes the cathode.  They are interconnected by leads or indirect contact 
with each other. The sacrificial metals corrode more readily than the base steel.  This 
system requires no external source of power, little maintenance, is simple to install, 
and has the flexibility to accept the installation of additional anodes. The 
disadvantage of this system is that the anode life and current output is limited, large 
numbers of anodes are required, and that it is not feasible for high resistivity areas.  

 
The impressed system uses an external power source to establish a potential of 
sufficient magnitude. The power source is usually an alternating current which is 
converted to direct current by a rectifier. Since current flow does not depend on the 
potential of the anode and the metal structure, any suitable material may be used for 
the anode. Disadvantages of this system are that it depends on a power source, it 
requires a design against cathodic interference, and requires inspection and 
maintenance. The advantage of this system is that it has along life, wide range of 
voltages, and coverage is great from one installation.  

3.5.2 FATIGUE OF STRUCTURAL STEEL 

Fatigue is defined by ASTM E206-62T as "The process of progressive localized permanent 
structural change occurring in a material subjected to conditions which produce fluctuating 
stresses and strains at some point or points, and which may culminate in cracks or complete 
fracture after a sufficient number of fluctuations". 

 
When we think of fatigue failure, we generally think of a failure due to old age. This is not 
necessarily the case anymore, as a new bridge structure can fail in fatigue if there are 
defects in the design, materials used, fabrication, and construction. These factors can 
attribute to the growth of fatigue cracks under live vehicular loads, once the bridge is in 
service. Failure of steel in fatigue is generally characterized by first, initiation of a crack and 
second, by the propagation of this crack through the material. Fatigue cracking and crack 
growth are promoted by a large range in fluctuating stresses rather than by the magnitude of 
the maximum stress. Therefore, in a structure, areas that are critical to fatigue are those 
where there are frequent stress reversals in the member that is subjected to cyclic loading.  

3.5.2.1  Factors Affecting Fatigue Strength 

The fatigue behavior of bridge structures and their members and connections are 
affected by a variety of factors, many of which produce interrelated effects.  Some of 
the more important factors are material types, rate of loading, stress variations, 
residual stresses, size effect, geometry, and prior strain history.  

 
Materials:  In general, the fatigue strength of structural steel is not proportional to the 
ultimate tensile strength.  

 
Rate of Loading: From laboratory tests only, it has been demonstrated that the rate 
or frequency of cyclic loading has no significant effect on fatigue strength when the 
frequency is less than 3000 cpm and the applied stresses are low.  However, if the 
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level of stress is high enough to cause plastic deformation with each cycle of loading, 
an increase in the speed of loading will produce a corresponding increase in fatigue 
failure.  

 
Residual Stresses: Residual stresses are internal, locked-in stresses in the material 
produced by welding or rolling during fabrication of the steel member. These 
stresses can be either tensile or compressive. In the case where the location 
subjects the member to stress reversal, the residual stresses in the member will 
contribute to fatigue cracking and crack growth each time the stress cycle produces 
a tension component. On the other hand, the growth of cracks is stopped as a result 
of the crack propagating into areas that have low compression stress or residual 
compressive stress. 

 
Size Effect: Laboratory results show that larger members show a fatigue strength 
less than smaller members due to the effect of size and strain gradient in the smaller 
member.  

 
Geometry: Geometry has the greatest influence on the fatigue strength of steel. It is 
affected by the abruptness of the change in geometry, material type, and life or 
number of cycles. Sharp notches produce large strain concentrations resulting in low 
fatigue strength.  

3.5.2.2  Out of Plane Distortion 

The largest category of fatigue cracking in continuous steel plate girders is a result of 
out-of-plane distortion across a small gap, usually a segment of a girder web. Out-of-
plane bending in the girder webs can cause crack propagation and fracture.  

 
It occurs in the negative moment region at the diaphragm connection plate near the 
top flange of the girder. The small gap is the portion of the girder web between the 
top of the fillet welds attaching the diaphragm connection plate to the web and the 
fillet welds attaching flange to the web. In general, the cracks form in planes parallel 
to the stresses from loading and are not detrimental to the performance of the 
structure, providing they are discovered and retrofitted before becoming 
perpendicular to the primary stresses from loads.  See Figures 3.1 & 3.2. 

 
The stresses at the web gap are several times larger than flange stresses and 
cracking may occur well within the design life of a bridge structure due to high cyclic 
stresses that occur under normal bridge loading. The loads may be within legal limits, 
but frequency of truck traffic is greater, and fatigue stresses accumulate.  

 
Once out-of-plane distortion bending cracks are identified, it is extremely important 
that all similar locations on the structure also be carefully inspected to search for 
similar damage.  
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Figure 3-1 Out of Plane Distortion #1 
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Figure 3-2 Out of Plane Distortion #2 

3.5.2.3  Types of Fatigue Inspection  

Two types of inspection methods are used to evaluate and identify fatigue problems 
on bridge structures: A) Periodic visual inspections which are done in the case where 
fatigue is not considered a serious problem, and B) Comprehensive fatigue 
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evaluations where fatigue is a major concern i.e. the Structure is liable to fail. A brief 
summary of the two types of inspection is presented below. (NCHRP 123 and 
Journal of Structural Division. Vol.97, No. ST8, August 1971). 

 
Periodic Visual Inspections: Visual inspection of bridges for fatigue cracks is the first 
step in the evaluation of fatigue cracks. This inspection is supplemental by 
nondestructive testing.  Discovery of fatigue problems require action on the part of 
the inspector to notify the proper authority so that proper remedial measure can be 
undertaken. During the visual inspection of bridges for fatigue, one should look for:  

 
1) Connection points that restrain certain parts of a beam to deflect normally 

under load. 
 

2) Members that could be forced to carry unequal or excessive stresses as a 
result of loose connections. 

 
3) Misaligned, bent, torn, or twisted members as a result of vehicular impact or 

overstressing. 
 

4) Corrosion of a member with reduced cross-section resulting in a reduced load 
carrying capacity. This would render the member less resistant to repetitive 
and static stresses.  

 
5) Connections such as floor beam to girder or stringer connection that have 

sharp reentrant or coped sections that are susceptible to cracking.  
 

6) Stress raisers such as rivet or bolt holes, toes of fillet welds, changes in 
section, rough flame cut edges and mechanical indentations, and welded 
details should be given particular attention. 

 
7) Poorly repaired areas and strengthening details can reduce the fatigue 

resistance of the structure. This can be due to improper welding or cutting 
procedures used in the repair. 

 
8) Excessive vibration. 

 
9) Excessive tension in both secondary and main structural members. 

 
10) Loose or displaced members, pins, supports, and frozen expansion type 

bearings in old structures contribute to fatigue problems. 
 

11) Members that are subjected to stress reversal and in areas where residual 
tensile stresses are present. 

 
Although some secondary structural members such as sway and lateral bracings are 
considered to be stress free, cracks have been found that could propagate into the 
primary member. Since the purpose of secondary members is to stiffen the main 
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structural member, a reduction in stiffness by fatigue cracks could lead to load 
shedding. This load shedding is the transfer of load to adjacent members that could 
result in accelerated cracking in them.  

 
Field inspection experience has shown that the typical locations where fatigue 
cracking has occurred are: 

 
1) Tension members such as diagonals, hangers, and bottom chord eye bars in 

bridge trusses subjected to cyclic loading.  
 

2) Splices at chords. 
 

3) Coped hangers or mid panel verticals at chord connections.  
 

4 Connections of long hangers. 
 

5) Connection detail at the joint between the portal connection and top chord. 
 

6) Connection detail for lateral bracing. 
 

7) Pins and members that have been weakened by corrosion. 
 

8) Stress raisers such as rivet or bolt holes. The cracks generally run transverse 
to the direction of the stress. 

 
9)  Welding repairs. 

 
10)  Cover plates, reinforcements, or other attachments that are welded to the 

structural member. 
 

11)  The connection detail at fixed bearings and expansion bearings.  
 

12)  Stringer webs and stringer floor beam connections. 

3.5.2.4  Comprehensive Fatigue Evaluations  

Comprehensive fatigue evaluation is a more detailed examination of the bridge 
structure which includes visual inspection, nondestructive testing, and fatigue 
analysis of possible locations susceptible to cracking.  The evaluation procedure 
includes the following: 

 
1) Determine the locations that have the greatest stress range and number of 

cycles analytically. These locations include ends of cover plates, connections 
at stringer to floor beams, floor beams to girders, and truss member 
connections.  
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2) Estimate past and future loading conditions so that stress levels and cycles of 
loading can be evaluated to determine if it fulfills the design considerations. 
Field instrumentation with strain gauges can provide the actual stress in the 
member. 

 
3) Evaluate the fatigue behavior of the structure based on actual tested stress 

data and frequency of loading.  
 

4)  The analysis will allow an estimate of current crack experience as well as 
future crack growth. 

 
5)  After this analysis a visual inspection and nondestructive testing should be 

undertaken to confirm the fatigue areas. Follow-up inspection should be 
taken in these areas using ultrasonic methods, etc.  

3.5.3 BRITTLE FRACTURE OF STRUCTURAL STEEL 

Brittle failures of structural steel are low-ductile fractures that occur without plastic 
deformation and at relatively low stress levels. The fracture usually occurs at stress levels 
below the yield-strength of the steel and can propagate at stresses lower than 20 per cent of 
the yield strength.  Brittle failures can be identified by the lack of ductility and V shaped 
appearance of the structure surface. 

 
Some of the major factors affecting brittle fractures are: 

 
a. The chemical composition of the steel is important as it affects the transition 

temperature and energy-absorbing capacity of the steel. Therefore the lower the 
carbon content, the greater the notch toughness and energy absorbing capacity of 
the metal. Of course, notch toughness must be balanced with the requirement of 
other strength parameters that call for increased carbon content. At the same time, 
adding other elements such as silicon (Si) will increase the strength of steel and 
lower the ductility transition temperature. 

 
b. Residual stresses locked into the structure member as a result of welding can 

promote brittle failure at low temperatures and low stresses. 
Discontinuities or flaws such as laps, seams, cracks, splits, laminations, pits, 
inclusions, undercut, weld cracks, and incomplete fusions could lead to brittle 
fractures.  

 
c. A drop in temperature increases the strength of the steel but decreases its notch 

toughness. 
 

d. The production of thicker plates requires fewer rolling passes, they cool slower, and 
the finishing rolling temperature is higher than that for thin plates. This results in a 
higher transition temperature making thicker plates more brittle. 
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e. Dynamic loading of the bridge structure may provide a transition temperature slightly 
higher than if the structure was subjected to static loads or slow bending on the 
same member.  

 
f. Cold working as a result of impact damage causes the metal to strain beyond its 

yield point resulting in an increase in the transition temperatures. 
 

g.  Under some conditions, repeated loadings may tend to increase the possibility of 
brittle fracture. 

3.5.4 CONSTRAINT INDUCED FRACTURE 

Failure is not due to fatigue stresses or the number of stress cycles but caused by brittle 
cleavage fracture, which occurs very suddenly with no prior signs of cracking. It propagates 
through the girder at a fast rate. It is primarily due to: 

 
• High levels of tri-axial constraint at the crack-like geometrical condition at the 

weld intersection of gusset plate and vertical stiffener. 
• Stresses are elevated well beyond the yield point and stress intensities exceed 

the fracture toughness of the web material. 
• Visual evidence of the defect may not be observed, however microscopic level of 

flaw triggers the fracture. 
 

Examples of failure mode with brittle fracture are: 
 

• Hoan Bridge in Milwaukee Wisconsin had a full depth fracture in one girder and 
the second girder had a 1 metre long fracture.  

• Schuykill River Bridge in Montgomery County Pennsylvania had a severed 
bottom flange and a partial fracture into the web.  

 
These fractures were all similar with intersecting welds or small gaps between intersecting 
welds. Small gap welds are defined as those whose weld toes come within 6 mm of each 
other.  See Figure 3.3.  
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Figure 3-3 Constraint Induced Fracture 
 
 

3.5.5 FIRE DAMAGE  

Although structural steel does not support combustion, elevated temperatures have a 
detrimental effect on the physical and mechanical properties of structural steel.  Fire 
protection for bridges is not required, but the possibility of members exposed to intense heat 
for a short period of time is a possible hazard. 

 
In general, the effect of heat on structural steel results in a decreased yield strength almost 
linearly from its value at 21 degrees C (70 degrees F), to about 80% of that value at 427 
degrees C (800 degrees F). At 538 degrees C (1000 degrees F), the yield stress is about 
70% of its value at 21 degrees C (70 degrees F), and approaches the working stress of the 
structural members. Tension and compression members are permitted to carry the 
maximum working stresses if the average temperature does not exceed 538 degrees C 
(1000 degrees F),and provided compression members do not buckle. The effect of heat on 
the tensile strength results in a slight increase in strength followed by a continuous rapid 
decrease. Bridge elements subjected to high heat can cause members to sag, buckle, or 
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twist, and cause rivets and bolts to fail at the connections. The paint is usually burnt off and 
the steel shows a darker colour than normal.  

3.5.6 VEHICULAR IMPACT 

Each year, a number of bridges are either hit by vehicles, high loads, or wide loads.  Steel 
bridges are more susceptible to vehicular damage than concrete or timber. Although steel is 
strong under tensile and compressive loads, it can deform under loads which are 
perpendicular to the tension -compression axis.  Impact points should be inspected for 
kinks, crimps, bends, and tears in the beams; and damage to connections. The extent of the 
distortion in the member itself as well as other portions of the bridge should be examined. 
When a steel member is deformed by vehicular impact, the mechanical properties of the 
steel may be altered as follows: 

 
a. The yield point of the metal may be exceeded and the metal has been deformed.  

  
b. The internal strain may be increased.  

 
c.  The stress lines may be altered. 

 
d.  The metal may become more brittle as a result of cold working. 

3.5.7 OVERLOAD DAMAGE 

Although bridge components have been designed with certain safety factors to account for 
various loading conditions, they can still be damaged by overloading. We know that from the 
stress-strain diagram, no permanent deformation occurs in the steel if the stress applied 
does not exceed the yield point.  Therefore, the mechanical properties of steel obey Hooke's 
Law where the strain is directly proportional to the applied stress up to the elastic limit.  
Beyond the elastic limit, steel becomes plastic and deforms or elongates, and will remain in 
this condition even after the load has been removed, and will not return to its original state, 
resulting in permanent deformation.  

 
In the case of overloaded bridge structures, plastic deformation can occur in both tension 
and compression members. Members subjected to plastic deformation in tension exhibit 
symptoms such as elongation and decrease in cross-section, commonly known as 
"necking". Members subjected to plastic deformation in compression show signs of buckling, 
looking like a single-bow or a double-bow.  Double conditions occur in buckling when 
sections in compression are braced or pinned at the center point.  

 
In the case of complete failure, the steel members have failed as a result of the tensile 
strength of the section being exceeded with a complete separation of the metal. The 
symptoms of complete failure due to overload conditions are characterized by a fibrous 
appearance at the point of separation, and at the point of failure we have necking or 
buckling.  
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3.6 NONDESTRUCTIVE METHODS OF CRACK DETECTION IN STEEL BRIDGES 

Steel bridges that are in service for a number of years may experience fatigue damage as they are 
subjected to an increase in load and accumulation of loading cycles.  A number of on-site non-
destructive testing techniques have been developed for the detection of field fatigue cracks. The 
five basic methods of examination are radiography, ultrasonic, dye penetrant, magnetic particle, 
and eddy current.  Although there are other methods such as acoustic emission, acoustic 
spectroscopy, acoustic holography, infrared, etc., they are not in general use because of their 
present state of development.  
 
The Department uses radiography, ultrasonics, magnetic particle, and dye penetrants. In spite of 
the capabilities available to detect cracks and/or fatigue cracks, it must be remembered that no 
method is better than the operator, and that none of the methods are 100% reliable. 

3.6.1 RADIOGRAPHIC EXAMINATION 

Radiographic examination is one of the most widely used techniques for showing the 
presence and nature of macroscopic defects and other discontinuities in the interior of steel 
members and welds. This test is based on the ability of short wave radiation such as x-rays 
or gamma rays to penetrate metal and other opaque materials to produce an image on 
sensitized film or a fluorescent screen.  

 
X-rays with a wavelength of 1/10,000 that of visible light are produced by high voltage 
generators. It is not very portable, and hence is not used as much in the field as gamma-
rays, which involves less equipment. Gamma rays are produced by the atomic disintegration 
of radioisotopes or radium of which cobalt and iridium are the common sources. The 
wavelength of gamma rays are shorter than those of x-rays, and therefore the exposure time 
required to get an interpretable picture is usually many times longer than x-rays because of 
the lower intensity of the radiation. The radioactive source is usually housed in a small 
capsule and encased in lead to avoid danger of radiation when not in use.  This method is 
portable and is adapted for field use.  

 
All of the radiation emitted from an x-ray or gamma source and directed at the steel section 
tested may not get through the metal and to the film placed behind it. The amount of 
radiation getting through depends on the density and thickness of the section. Internal 
defects such as cracks or voids will have less metal for the radiation to pass through. Hence, 
there will be less absorption in the defective area and a greater amount of radiation striking 
the film.  When the film is developed, the defects show up in its shape and size as black or 
dark areas on the film. 

 
Radiographic examination of defects in steel is excellent in examining slag inclusions or 
porosity in welds. Planar defects such as cracks are detectable only if oriented 
approximately parallel to the axis of the source.  Cracks or planar defects perpendicular to 
the source axis will not change the radiation absorption significantly, and thus will be 
undetected.  Intermediate orientation will produce varying degrees of defect detectability.  
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The accuracy of crack detection is dependent on the size of the section examined, and the 
location of the crack. Under field conditions, fatigue cracks can be detected to a depth of as 
little as two per cent of the thickness of a member.  

 
The advantage of radiographic examination of defects is that it provides a permanent record 
on film and the ability to determine the size and shape of internal defects.  It is therefore 
widely used in industry. The main disadvantages of this method are that it cannot locate the 
depth of cracks or poorly oriented planar defects, and the need to use hazardous equipment 
which is subject to government licensing. 

3.6.2 ULTRASONIC TESTING 

Ultrasonic testing uses high frequency sound waves to detect internal flaws in steel, and is 
based on the factor that a discontinuity or density change will act as a reflector for high 
frequency vibrations propagated through the metal.  The sound waves are produced by a 
wave generator and are picked-up by the receiver. Depending on the system used, the 
sender and receiver units can be one unit. The initial and reflected pulse are displayed on 
an oscilloscope, which permits the determination of the depth, nature, and size of a defect. 
The sensitivity of the test is influenced by the sound frequency, design of the search unit, 
instrumentation, electronic processing of the return signal, and operator skill.  

 
The major advantages of ultrasonic testing are its portability, sensitivity, and the ability to 
detect the locations and depths of cracks or defects.  The disadvantage of this type of 
nondestructive testing is that it is strongly influenced by the ability of the operator, does not 
provide a permanent record without taking a photographic record of the display, can not 
detect surface defects very well, and is sometimes too sensitive (i.e. too much information 
such as grain size in metals, boundaries, and minor defects are detected). 

3.6.3 DYE PENETRANT 

The dye penetrant inspection of defects in steel is limited to defects which penetrate the 
surface of the structure only. It is inexpensive, easily applied and interpreted, and can be 
used both in the field and shop. This method requires a minimum of equipment. The process 
consists of the following:  

 
a. The surface to be examined is mechanically or chemically cleaned.  

 
b. A low viscosity, high capillarity fluid containing a red dye is applied to the surface by 

brushing or spraying, and allowed to penetrate the cracks or surface defects. 
  

c. After the penetration time, excess penetrant is removed. 
 

d. The surface is then sprayed and/or brushed with a second solution called a 
developer. 
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e. The developer will show by capillary attraction the red penetrant from locations 
where cracks are present, and regions not affected will remain a chalky white.  Other 
modification of this system of examining cracks is to use penetrants that flouresce 
under ultraviolet light. 

 
The major advantages of this method of examination are that it is low in cost, requires 
minimal skills, is not time consuming, and is very portable.  The disadvantages of this 
system are that it can only detect surface cracks, and does not reveal the depth of a crack. 

3.6.4 MAGNETIC PARTICLE 

This method of testing is limited to the detection of surface or near surface defects, and 
applicable only to materials which can be magnetized.  The method works on the principle 
that when a magnetic field is induced in steel, and this field encounters any surface or 
subsurface discontinuities, the field will become distorted at that point, causing 
concentrations of magnetic lines. When a fine iron powder is sprayed on the test surface, 
the discontinuity (cracks) will cause a build-up of iron powder. In order to detect cracks for 
visual inspection, it must be aligned transverse or nearly transverse to the magnetic field 
and therefore, the test rods must be moved about the structure so that defects can be 
identified at any orientation.  

 
The advantages of this method are that it is portable, requires minimal skill, and detects fine 
cracks. Its disadvantages are that it requires the removal of paint from the testing surface, 
leaves the test section magnetized, and does not determine the depth of the crack.  

3.6.5 EDDY CURRENT 

This method of detecting defects is similar to the magnetic particle inspection except that the 
defect is detected by a perturbation in the electrical field in the material tested.  The 
technique involves the use of a coil carrying alternating current which produces eddy current 
in the examined part.  The examined part eddy current in turn creates impedance in the 
exciting coil. The impedance produced depends on the nature of the part tested and the 
exciting coil, magnitude and frequency of the current, and the presence of discontinuities in 
the part examined. The equipment needs calibration so that when the coil is used to scan 
the surface of the defect area, any defects present will result in a change in the impedance, 
which is read directly from a meter. 

 
This method has limited use but has potential. It can detect defects in depth, estimate defect 
size, and is not affected by surface conditions such as paints.  However, it is influenced 
greatly by geometry, that is, only simple geometries can be examined because more 
complex geometries change the impedance readings by themselves.  

3.6.6 COMPARISON OF NONDESTRUCTIVE EXAMINATION METHODS 

Table 3.2 summarizes the overall capabilities of each method of testing.  Of the five 
methods discussed, there is not one process that is good for all kinds of defects, and each 
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has its limitations. The intent of the table is to give a rapid assessment of the strengths and 
weaknesses of each technique available, and to enable the user to select the methods most 
suitable for a particular application. 

 
Radiography has been widely used in the detection of internal voids and defects in welds, 
but is not satisfactory for detection of surface cracks.  It is also poor in the detection of 
fatigue cracks in structures already in service.  

 
Ultrasonic is not completely ideal for detection of fatigue cracks in all its operating modes. 
However, it has the advantage over other methods in that it is capable of detecting the size 
and position of hidden and surface flaws. The minimum crack length that can be detected 
with ultrasonics is about 2.5 mm (0.1 in) long, but crack detection in the field in the order of 
25 mm (1 in) is practical. 

 
The best methods for surface crack detection are magnetic particle and dye penetrant. Of 
these two, magnetic particle inspection is probably better because it can detect tight cracks 
and surface preparation is not an important factor.  The real limitation in the two methods is 
their inability to reveal the depth or the length of cracks progressing below the surface. 

 
TECHNIQUES 

MAGNETIC 
CURRENT 

DEFECTS 
RADIATION 

WET DRY 

EDDY 
CURRENT 

DYE 
PENETRANTS 

ULTRASONIC 
S 

Minute Surface 
Cracks 

N G F F F P 

Deep Surface 
Cracks 

F- G G G G G 

Internal Cracks F- N N N N G 
Fatigue Cracks P G G N G G 
Internal Voids G N N N N G 
Porosity and  
Slag in Welds 

G N N P N F 

Thickness F N N P N G 
Stress Corrosion F G F N G F 
Blistering P N N N N F 
Corrosion Pits G N P N F P 
Note: 

1) G= Good;  F=Fair;  P=Poor;  N=Not Suitable 
2) *If radiation beam is parallel to crack 
3) **Capability varies with equipment and operating mode 

 
Table 3.2 Nondestructive Examination Methods  
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3.7 STEEL BEAMS AND GIRDERS 

3.7.1 GENERAL 

Beams and girders are generally classified as primary support members.  A member that 
spans two supports is generally called a girder, while members supported by girders are 
called beams.  This definition is not rigidly adhered to when referring to bridge structures as 
the terms beam and girder are generally used interchangeably.  In bridge structures it is the 
function of beams/girders to transmit the deck loads to the piers and abutments.  There are 
three distinctive types of steel beams and girders for bridge structures:  Rolled Sections 
(wide flange), Built-up Sections (plate girders), and Steel Box Girders. 

 
The simplest steel girders consist of rolled I beams or wide flanges.  These sections are 
generally one piece units which are mill-rolled in a steel fabrication mill. It has no seams, 
welds, bolts, or rivets.  The horizontal portions of the cross-section are called flanges and 
the vertical section is called a web.  

 
The term plate girders refers to built-up beams of I-shaped cross-section which are larger 
than rolled sections in depth to meet design requirements. They are comprised of the web 
and flanges which are either riveted or bolted together from plates, angles, and channels or 
welded from plates alone. Girder webs are protected against buckling by transverse 
stiffeners, and in the case of deep webs, by longitudinal stiffeners.  These vertical stiffeners 
act like bearing posts over load concentration points and serve as short compression 
members. The longitudinal or horizontal stiffeners found in some deep girders are located 
about one-third of the depth from the compression flange which help to prevent the web 
from buckling due to high compressive flexural stresses. The stiffeners can be made from 
plain plates, angles, or T sections, which are riveted, bolted, or welded on the web.  

 
Steel box girders in cross-section are usually rectangular or trapezoidal in shape. They are 
often used in highway bridges because of their rigidity, economy, and appearance.  They 
have an advantage over plate girder and rolled beam bridges in that they have high torsional 
rigidity. Manholes or openings are usually provided to gain access to the interior of the box 
for inspection, maintenance, drainage, or access to utilities. 

3.7.2 INSPECTION OF BEAMS AND GIRDERS 

The following areas should be checked when inspecting beams and girders: 

3.7.2.1  Cover Plate 

Cover plates are plain steel plates which are bolted, welded, or riveted to the flanges 
of steel beams to provide additional section.  Check for the following: 

 
1) The gap or space between the two plates should be examined for rust, 

trapped dirt and moisture. Expansion forces created by corrosion maybe 
enough to spread the plates apart. 
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2) Check for cracks at welds, missing bolts, or rivets. 
 

3) Check cover plates that are welded on the bottom of flanges for tension and 
fatigue cracks. Fatigue cracks are likely to occur when there is a change in 
flange cross-section at the ends of welded cover plates. There may be severe 
stress concentrations at the fillet weld and the crack may form at the toe of 
the weld and grow through the flange. 

3.7.2.2  Flange 

Flanges are the top and bottom parts of an I beam or built-up girder that carry the 
compressive and tensile forces generated by the internal resisting moments of the 
beam. Check for the following:  

 
1) Check the general alignment of the member by sighting along the member.  

Any misalignment or distortion maybe the result of overstressing, collision, or 
fire.  

 
2) Check the tops and bottoms of flanges of steel beams and girders for 

wrinkles, waves, cracks, or damages of any kind. 
 

3) Check the tops of the flange and top side of the bottom flange for 
accumulation of debris.  

 
4) Check bottom flange for tension cracks as a result of fatigue. 

 
5) Check top and bottom of flanges for rust, deterioration, and measure the 

cross-section for possible loss in sectional area. 

3.7.2.3  Web  

The web is that portion of a beam or girder located between the two flanges.  It 
serves to resist shear stresses.  

 
1) Check for web crippling, buckling, and shear.  

 
2) Check the connections of floor beam and diaphragms to girder or stringers for 

cracks in the web of the girder. This is an example of a detail that has sharp 
re-entrant and coped corners.  

 
3) Check for wrinkles or waves. 

3.7.2.4  Stiffeners 

Stiffeners are angles, tees, channels, plates, or other rolled sections that are welded, 
bolted, or riveted to the web of girders. They are used to transfer stress and prevent 
buckling or other deformation in the web.  
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1) Check welds of longitudinal or transverse stiffeners for cracks. 

 
2) Check stiffeners for straightness and sound connections. 

 

3.7.2.5  Splices  

A splice is the joining of two structural members by splice plates.  Fastening may be 
achieved by rivets or bolts. The splices are designed to transmit stresses. 

 
1) Check riveted, bolted, and welded connections for completeness, and ensure 

that there is no looseness, sign of movement, or cracking.  
 

2) Check splice plates for cracks, rust, or deterioration.  

3.7.2.6  Weld, Bolts, and Rivets  

Riveting, bolting, or welding are the connection methods used for girder and beam 
construction.  In the case of riveted or bolted sections, their total available cross-
section is reduced by the number and size of fastener holes required. The strength of 
welded connections depends on the type of weld and the length and type of weld 
material used. In most cases, the weld is stronger than the member being welded.  
Check to ensure that all welds, bolts, and rivets are complete and that they are not 
rusted or deteriorated. 

3.8 TRUSS BRIDGES 

3.8.1 GENERAL 

Another structural system for transmitting deck loads to piers and abutments is called a 
truss.  A truss is a structural system made up of individual members connected in a 
triangular pattern. The properties of a truss are the following: 1) the members are generally 
straight with the exception that the top chord could be of a bow shape depending on the 
type of truss (Bow Truss), 2) connections between members are considered as frictionless 
hinges, and 3) all loads act at the joints.  Based on the above assumptions, truss members 
can be subjected to either tension or compression forces which act axially on the member.  

 
Bridge trusses are always constructed in pairs. The flooring system used in trusses consists 
of floor beams which are connected at truss joints or panel joints perpendicular to the 
direction of flow of traffic.  Stringers which frame into the floor beams or placed on top of the 
beam run in a longitudinal direction with respect to the flow of traffic. These stringers carry 
the deck load to the floor beams which transfer these loads to the truss at the panel points. 
The bridge trusses are designed to carry their own weight, the weight of the floor system, 
and the live loads which include vehicular traffic, impact, and wind. 
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3.8.2 STRESSES 

Forces in truss members can be analyzed by the Method of Sections, Method of Joints, and 
Graphic Statics.  Depending on the method used, the basic principles which are common to 
all the methods is that forces acting at each joint can be evaluated by the law of equilibrium. 
Therefore, the stresses and loads at the joint must be in equilibrium, and the sum of the 
horizontal components and the sum of the vertical components must be equal to zero. In 
general, stresses in truss members are either in tension or compression. The upper chord of 
a single span truss is placed in compression and is called the compression member.  The 
lower chord is placed in tension and is called the tension member. Web members, which are 
verticals and diagonals, can be either in compression or tension, depending on the type of 
truss and its location within the truss. 

 
The loads which act on trusses are similar to those acting on beams and girders.  For each 
truss, the dead load consists of the weight of the truss and one-half the weight of the deck 
and floor system acting uniformly along the span of the truss.  This load is divided evenly 
among the panel points between the supports.  Live loads are vehicular axle loads which 
traverse the bridge and also include the impact loads.  In the analysis of trusses, the moving 
live load produces maximum stress in each member and the truss member is designed to 
accommodate these anticipated loading conditions. These loads act vertically only at the 
panel points to which the floor system is attached. 

 
The trusses are supported by end bearings which transmit reactions from trusses to 
substructure elements such as abutments or piers. Roller type bearings are usually used at 
one end so as to accommodate vertical, horizontal, and rotational forces. 

3.8.3 NOTATION FOR SPAN & TRUSS COMPONENTS 

The following notations are used for truss spans and components by the Department:  
 

a. Looking downstream, the spans are numbered from left to right. 
 

b. All spans, including approach spans such as timber, must be included.  
 

c. For the bottom chord, the truss notation should start with L0 to the left when looking 
downstream and increase by one with each panel point i.e. L0, L1, L2, L3, etc. 

 
d. For the top chord, the truss notation starts with U1 at the first panel point when 

looking downstream and increase by one with each panel point. 
 

This notation is contrary to the span notation system used for other bridge types (i.e. 
increasing chainage, south to north and west to east).  This notation system is used for 
trusses because there are numerous historical records of trusses using this system and it 
would be too difficult to change all of these records. 
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3.8.4 INSPECTION OF TRUSS COMPONENTS 

The principal components of a truss bridge are top chords, batter posts, sway bracing, 
diagonals, verticals, portals, connections, floor beams, bottom chord, and stringers.  A brief 
explanation on the function of each part as well as inspection items to look for are presented 
below.  

3.8.4.1  Top Chord 

Functions similar to the top flange of a beam, the top chord is a longitudinal structural 
member extending the full length of the structure.  The top flange of a truss is 
generally in compression.  When inspecting the top chord, one should sight along the 
individual members for proper alignment. Any conditions of misalignment may be the 
result of overstressing or buckling of the compression members.  The overstressed 
members exhibit signs of wrinkles or waves in the flanges, webs, or cover plates. 
The load carrying capacity of the bridge is reduced by buckled, torn, or misaligned 
members. 

3.8.4.2  Batter Post  

Batter posts (End Posts) are compression-chord members which are located at each 
end of a single-span truss. They are usually inclined or sloped to meet the bottom 
chords just above the bearings. Examine the batter posts for collision damage as a 
result of high or wide loads.  

3.8.4.3  Sway Bracing 

Bracing between corresponding vertical posts of a pair of main trusses is called sway 
bracing. The purpose of these frames is to stiffen the structure and resist the sway 
and torsional effects of windloads and other lateral forces. These members should 
be visually inspected as follows: 

 
1) Check fasteners for rust at bolts or rivet heads.  Look for loose or broken 

connections which could lead to further damage as a result of vibration, 
impact, or abrasion of parts wearing against each other.  

 
2) Check all bracing members, especially those which lie horizontally, for 

accumulation of debris such as salts, dirt, water, etc. which could lead to rust 
and deterioration. 

 
3) Since these bracing members could be designed for tension or compression, 

check for bent or twisted members. Any bends or kinks will distort the cross-
sectional area and shape as well as reduce its load carrying capacity. 

 
4) Where the bracing is welded to truss members, the weld should be examined 

for cracks. 
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5) Observe excessive vibration or movement under traffic to see if bracing 
system is adequate as this vibration or movement could lead to fatigue 
stresses.  

3.8.4.4  Lateral Bracing 

Lateral bracings are bracings in the horizontal plane that span between the two 
chords of the truss. It is found either at the top or bottom and serves the purpose of 
stiffening the structure against lateral vibrations due to wind loads. Like sway 
bracings, they are considered as the secondary system of members to the main load 
carrying frame. When inspecting bracings, visually inspect for the following:  

 
1) Check horizontal bracings for rust, deterioration, and debris.  This includes 

lateral gusset plates which lie on a flat surface which can collect salts, dirt, 
and moisture. 

 
2) Check for loose, missing, rusted or broken fasteners. Loose connections lead 

to abrasion wear between parts as a result of vibration and movement.  
 

3) Check lateral bracing for weld cracks when welded to flanges.  
 

4) Check for excessive vibration or movement under traffic. Excessive vibration 
could lead to fatigue cracks at the connections. 

 
5) Check for distorted, bent, or twisted members. 

3.8.4.5  Diagonals 

Diagonals are cross web members which frame into the top and bottom chords.  
They can be either in tension or compression, depending on the truss shape and 
design. The diagonals provide for shear capacity.  The member should be examined 
as follows:  

 
1) Check all tension members for localized contraction in the cross-section area 
which is usually shown by flaking of the painted surface. Diagonal members that are 
subjected to cyclic stresses may develop fatigue cracks long before other members 
do in the structure. 

 
2) Check to see that members are not distorted, twisted, or bent. 

3.8.4.6  Verticals 

Verticals are web members that are framed between top and bottom chords.  They 
provide additional points for the introduction of loads and reduce the span of the 
chords under dead load bending. Verticals which are subjected to compression are 
called posts and those which are subjected to tension are called hangers. Examine 
the truss as follows:  
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1) Check tension members for localized failures where we have evidence of 

flaking of the painted surface.  
 

2) Check compression members for kinks, bents, or buckling. 

3.8.4.7  Portals 

Portals are bracing members between sloping chords of a pair of main through 
trusses located at the end posts. It helps to maintain the shape of the end cross-
section of the bridge. The portal is normally a sway frame whose purpose is to 
transfer lateral and shear forces to the end post.  Overhead portals generally restrict 
the height of vehicles that can go over the bridge.  Because of this clearance, these 
members are frequently hit by high loads which can cause members to break or 
bend. This would result in a transfer of stresses to other members which can add 
more stresses than what they were designed for.  It is therefore important not to just 
inspect the damaged areas, but also to examine other truss members in close 
proximity for hidden damage as well. 

3.8.4.8  Connections 

Truss members are joined at the panel points which are located along the upper or 
lower chords between panels. The connections at the panel points are fastened by 
either welding, rivets, or high strength bolts. The main members are connected by 
plates or angles except in the case of pin-connections.  Depending on the type of 
members intersecting at the joints, gusset plates are paired to avoid eccentricity. The 
gusset plates are usually designed to meet shear, direct stress, and flexure, and 
does not permit rotation of the truss members around the joints or panel points.  At 
connections the following items should be examined:  

 
1) Check fasteners for loose, missing, or rusted bolts, rivets, or nuts.  Cracks in 

the paint may indicate the presence of movement at the joints. 
 

2) Check gusset plate for possible failure in the material as a result of fasteners 
exerting a bearing stress on the material through which they pass. They have 
a tendency to tear through the material which they hold together or crush the 
bearing material.  

3.8.4.9  Floor Beams  

Floor beams are members which run perpendicular to the direction of traffic flow. 
They are connected at the panel points between the trusses and are designed to 
transmit the deck load to trusses. Their main purpose is to support the stringers and 
transfer their loads.  When examining the floor beams, the following areas should be 
examined: 
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1) Check corrosion at the connection points at the ends of floor beams.  This is 
critical when end connections are exposed to moisture, deicing salts, dirt, and 
debris which collect at connections and promote rapid deterioration. 

  
2) Check for cracks in the web, along the top and bottom flanges, connections, 

and at the bearing ends over supports. Excessive vibration and movement of 
floor beams by vehicular loads could induce fatigue failures.  

 
3) Check the floor beam for sagging, buckling, twisting, or canting. The stresses 

that should be considered are compression along the top flange, tension 
along the bottom flange, and stresses that produce crippling of the web or 
transverse buckling between the end supports. In cases where the floor 
beams are supported by other members, check for crushing or vertical shear 
at the bearing points.  

 
4) Check end connections for tightness, missing or loose rivets or bolts, and 

also for any movement of plates or angles used in the connection.  
 

5) Examine welded connections for cracks. 
 

6) In the case of built-up sections, check along the top flange underneath the 
deck slab for corrosion, and check welds for corrosion or rusting between the 
individual parts such as angles used in joining of the web plates.  

3.8.4.10 Bottom Chord 

The bottom chord is considered as the main lower longitudinal structural member 
which extends the full length. It is in tension and resists forces induced by bending. 
When inspecting the bottom chord, the following items should be examined:  

 
1) On a through truss, the lower chord members and members adjacent to the 

web should be examined for rust, deterioration, accumulation of debris and 
soils.  Salts, debris, sand, and dirt tend to hold moisture that results in rapid 
deterioration of fasteners and connections. 

 
2) Check for overstressing resulting in reduction of cross-sectional area.  

 
3) Check for excessive vibration, noise, and movement with passage of 

vehicles.  
 

4) Check fasteners for loose, missing, or rusted rivets, bolts, or nuts. At the 
connections, cracks in the paint may indicate that there is movement in the 
joint. 

 
5) Sight along the length of the chord to check for misalignment. 
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3.8.4.11 Stringers 

Stringers are longitudinal beams that are set parallel to the direction of traffic flow, 
connecting floor beams. They are used to transmit the deck load to the floor beams 
and are usually framed into the floor beams by angles. If the stringers are supported 
on the top flanges of the floor beams, they may or may not be continuous over two or 
more panels.  If stringers are not present, then the deck slab which is structurally 
reinforced is cast on top of floor beams and the main reinforcing connects the floor 
beams.  Stringers should be inspected as follows:  

 
1) Check stringer web and flanges at end connections for fatigue cracks.  This 

condition occurs when the end connections are rigid.  
 

2) Check for sagging, twisting, or canting of stringers.  Excessive deflection of 
stringers usually produce transverse bending, resulting in lateral buckling of 
the beam at its connections. 

 
3) In the case of continuous stringers, the riveted or bolted splices, joints, and 

plates should be examined for rust, corrosion, missing or loose bolts, or 
rivets.  

3.8.4.12 Pins 

Rigid joints such as gusset plate connections do not allow movement and can induce 
secondary stresses. To eliminate secondary stresses at panel points on the truss 
members, pin connections are used.  These pinned connections have the same 
strength as the cover plate/rivet or bolted connections. They are held in place by nuts 
or rollers or both. Since these pinned connections permit rotation of the truss 
member or the pin itself, they should be checked to ensure that the pin is not worn, 
and that spacers, nuts, retaining caps and keys are in place.  
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4.0 CHAPTER 4 - BEARINGS  

4.1 PURPOSE OF BEARINGS 

Bearings and bearing plates are one of the most important components in a bridge structure 
because their main purpose is to transfer all loads safely from the superstructure to the 
substructure. The structural assembly of the bearing must be able to withstand large loads without 
failure. It is therefore generally made from high strength steel or synthetic rubber (elastometric).  In 
order for the bearing to perform properly, it must meet two basic criteria: 1) It must be able to 
transfer the loads from the superstructure and spread the stress over an adequate area on to the 
substructure, and 2) It must be able to accommodate movement. Bridge structures are not static 
structures, as movements are caused by temperature changes (expansion and contraction), 
deflection, earth pressures, stream and ice flow, and centrifugal and longitudinal forces of vehicles, 
all of which can generate harmful stresses in the superstructure.  Bearings must accommodate 
these small movements, without adding additional stresses to both the superstructure and the 
substructure. 

4.2 TYPES OF BEARINGS  

Bearings are generally classified as fixed or expansion type. Fixed bearings do not permit vertical 
and horizontal movements, but they do allow rotational movement about the horizontal axis 
perpendicular to the line of traffic.  Expansion bearings permit both longitudinal and rotational 
movements of the superstructure. 
 
In a bearing, there are generally three distinct components: sole plate, masonry plate, and a 
bearing device such as a rocker, roller, pad or plate. All three parts are not present all the time, but 
at least one part, the bearing device, should be exposed to allow inspection. 
 
Attached to the underside of the main structural member at the end supports, (i.e. the bottom flange 
of girders, or the bottom chord of trusses), is the sole plate which is generally a rectangular piece of 
steel.  It is attached by welds, bolts, or rivets.  
 
The bearing device is the assembly between the sole plate and masonry plate which permits 
longitudinal and rotational movements of the bridge at the bearing point. 
 
The masonry plate is similar to the sole plate except that it is cast on top of the bridge seat and 
anchored by bolts which are embedded in the concrete. Beneath the masonry plate, grout pads 
may or may not be present depending on whether there is complete surface contact between the 
plate and the support. 
 
Bearing type when available is extracted from BIS and printed on the inspection form.  A specific list 
of bearing types can be found in BIS documentation.  A brief description of some common types of 
bearings used on bridge structures is presented below: 
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Neoprene Strip Bearings 
These bearings consist of a strip of an elastometric compound consisting of neoprene.  This type of 
bearing is used on standard bridges. It has a 60 Duro hardness and a 10mm thickness.  
 
Reinforced Neoprene or Natural Rubber Pads 
These are elastometric bearings made from neoprene (polychloroprene) or natural rubber which are 
strengthened with horizontal laminates of steel or fabric bonded to the rubber. This reinforcing 
improves the mechanical properties of the pad by increasing its resistance to bulging under a 
compressive load.  It also increases compressive and rotational stiffness and controls vertical 
deflection and rotation of the bearing. 
 
Reinforced Neoprene or  Natural Rubber Pads, Teflon, and Stainless Steel 
A stainless steel plate with a Teflon (TFE) layer between the sole plate and the top of the 
elastometric pad provide for horizontal movement in this type of bearing. This teflon layer can 
tolerate extreme temperatures and pressures while maintaining its low frictional resistance to 
movement.  
 
Pot Bearings 
Pot bearings are bearings that are made from large round elastometric pads which are confined by 
heavy steel rings in combination with stainless steel plates and Teflon (TFE) layers, permitting the 
bearing to move horizontally. The confinement permits the elastometric material to carry a larger 
load than unconfined pads.    
 
Rocker Bearings 
Rocker bearings are cylindrical sector shaped bearings attached by pins that have their rocker plate 
bearing surface on the masonry plate. This rocker plate is in contact with the masonry plate on a 
thin rectangular strip and hence requires a large radius to prevent overstressing through excessive 
contact stresses. In most rockers, a rounded tooth or pintle is provided to prevent displacement of 
the rocker in relation to the masonry plate.  
 
Roller Bearings 
Rollers are cylindrical steel bearings that are attached by pintle pins to either the sole or masonry 
plate to avoid the possibility of working themselves out from between the plates. A single roller is 
used at each bearing point. This system works better than the roller nest in the long run since there 
is less space for the accumulation of dirt.  Also, dirt and debris are more easily removed by wind 
action.  Unfortunately they still corrode and freeze, and under heavy loading conditions the masonry 
plate may tend to show signs of deformation. 
 
Roller Nest Bearings 
A roller nest is a bearing that consists of a group of cylindrical rollers housed in a frame or box. 
These rollers are kept parallel and separated with one or two space bars on each end.  In principle 
this system should work well.  However, this is not the case since the space between the rollers 
tends to trap moisture and dirt which promotes corrosion and freezing.  
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Steel Sliding Plate Bearings 
The simplest of all bearings is the steel sliding plate bearing which is generally used for short span 
bridges.  It consists of the sole plate and the masonry plate or it can be a single steel plate which 
serves both as a sole and masonry plate.  The mating surfaces are planed smooth to reduce 
frictional resistances.  Unfortunately these plates eventually freeze together because of dirt and 
corrosion. 
 
Steel Sliding Plates with Bronze Plate in Between 
To reduce the friction between the two steel plates, a bronze plate is inserted between the sole and 
masonry plate. The bronze plate is secured to either the top or bottom plate, however, the 
lubrication face on the bronze plate must be in contact with one of the two faces (sole or masonry).  
 
Disc and Dome Bearings  
In these bearings the top surface of the bottom masonry plate is convex and the bottom surface of 
the sole plate is concave.  A self lubricating bronze plate is sometimes used between the sole plate 
and masonry plate.  These bearings only provide for rotational movement.  These bearings are 
expensive, as they require precision machining to obtain a true and matching surface.  
 
Photos of some of these bearings can be seen in Figure 7.26 to Figure 7.30 in the Level 1 BIM 
Manual. 

4.3 COMMON DEFECTS AND PROBLEMS OF BEARINGS  

• The accumulation of dirt and debris at the bearing will cause deterioration by 
rusting. This debris has the tendency to hold in moisture containing de-icing salts 
which are very corrosive to steel. As a result of excessive corrosion, the bearing 
may freeze (lock-up) and resist movement. When movement is restricted, as in 
the case of expansion type bearings, it throws the stress back into the structure, 
which may overload some members and cause failure.  

 
• Bearing elements that do not have full contact with the bearing surface could 

damage the span, support, bearing, or all three. Where there is partial contact 
between the sole plate and masonry plate, the loads transmitted to the abutment 
could exceed the allowable bearing stress of the concrete used in the abutment, 
causing the support to crush. Vice versa, the stress level could surpass the 
allowable value for steel and cause the web of the girder to fail by buckling. 

 
• At the bearing points, bearings are designed to perform a specific function and 

are characterized by type, size, shape, and configuration.  Proper alignment of 
the bearing is important to permit rotational and/or longitudinal movement.  
Should it be misaligned, stresses can occur at the supports, resulting in a 
transfer of stresses to other parts of the bridge to cause damage, creep, and 
constant vibration. Misalignment and repeated live loads may cause bearings to 
move out of place.  
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• For bronze sliding plates used between steel plates, galvanic corrosion (i.e. 
corrosion caused by two dissimilar metals) is possible. 

 
• Loose bearings may be detected by noise at the bearing when the bridge is 

subjected to vehicular traffic. The causes of loose bearings may be due to one of, 
or a combination of the following factors: 

 
o Settlement or movement in the bearing support (pier or abutment), 

resulting in a loss of support for the bearing assembly. 
 

o Loss of bearing material due to excessive corrosion.  
 

o Structural members that are damaged or broken would cause excessive 
deflection or vibration in the bridge structure. 
 

o Rivets, bolts, or welds that fasten the bearing assembly to the bridge 
span or bridge support maybe come loose (sheared bolts or rivets, or 
cracked welds).  
 

o Pins that become worn due to lack of lubrication and metal to metal 
contact. 

 
• Elastometric bearings have an advantage over steel bearings in that they have 

no moving parts that can corrode or seize; they are inexpensive to manufacture, 
and require little or no maintenance.  However, these bearings made from natural 
rubber (polyisoprene) or neoprene (polychloroprene) can fail. The potential 
modes of failure are summarized below. 

 
o Splitting, tearing or cracking in elastometric pad due to poor quality of 

material used in the manufacturing of the pad. 
 

o Rubber is subject to fatigue as its properties change with time. 
 

o Excess flexibility or creep may cause excessive deflection and bulging of 
the sides.  

 
o Low temperatures and dynamic loadings can cause crystallization and 

stiffening.  
 

o Unreinforced pads are sometimes subject to slippage. 
 

o Tilting of the bridge structure may cause uneven loading and overloading 
of the pad. 

 
• The following defects or problems with other components of the bridge may 

indicate that there are problems or malfunction in the bearing: 
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o Abutment or piers show signs of cracks on the face or side in the vicinity 
of a bearing.  In addition to cracks, we could have spalled concrete.  

 
o A bump at a bridge joint.  
 
o A deflection in the bridge railing at a joint. 
 
o A pier or abutment that is tipped. 
 
o A wide open expansion joint even though other joints are closed or at 

normal opening. A jammed joint. 
 
o Rust stains running down the vertical face of the pier. 
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5.0 CHAPTER 5 - BRIDGERAILS 

5.1 PURPOSE OF BRIDGERAILS 

Bridgerails (traffic barriers) are provided on both sides of highway bridges to delineate the 
superstructure edge and to reduce the consequences of vehicles leaving the roadway.  Where 
there is a sidewalk for pedestrian traffic on a bridge structure, there is normally a bridgerail between 
the roadway and the sidewalk for vehicle traffic and a pedestrian rail on the outside of the sidewalk 
for the pedestrians. 

5.2 HISTORY/BACKGROUND 

Bridgerails have developed and changed over time.  The very early bridgerails were mostly used to 
delineate the edge of the structure and there was very little design for the forces of vehicle impact.  
Bridge codes in the 1950’s had design forces and procedures for design of bridgerails which were 
based on experience and static loading.  Bridgerails were often designed with appearance as a 
major factor and not much consideration was given to the dynamic effect of a vehicle striking the rail 
and how it would react and be re-directed.  Many of the bridgerails built in this period had features 
that could potentially be hazardous to the vehicle and its passengers such as large concrete end 
posts with no protection from front end collisions. 
 
During the 1960’s a number of agencies started carrying out crash testing of bridgerails which 
showed the importance of not having blunt ends on bridgerails but smooth continuous rails which 
would not snag impacting vehicles.  Bridge codes changed in the late 1960’s with specifications for 
the shape and height of bridgerails.  The Canadian bridge code was a leader in many of these 
changes.  The bridgerails designed to these new codes were mostly continuous steel tube or flex-
beam railings with some concrete barrier type railings.  Also, these new codes required that the 
approach railings to a bridge structure be attached to the bridgerail. 
 
Over the next 25 years there were a number of minor changes and revisions to the bridgerail design 
procedures in the bridge codes.  There were a number of changes requiring better transition 
between the approach railing and the bridgerail.  Crash testing of bridgerails continued and in the 
1990’s some agencies started to require all new bridgerail designs to be crash tested.  Bridge 
codes started to change and the 2000 edition of the Canadian Highway Bridge Design Code 
required crash testing of all bridgerails and approach transitions to certain performance levels.  The 
new Canadian bridge code specifies three performance levels:  PL1 which is intended for low traffic 
volume bridges with no unusual safety hazards, PL2 for moderate to heavy traffic volumes, and PL3 
for heavy traffic volumes with a high percentage of truck traffic and/or other unusual safety hazards.  
Since 2000, the Department has adopted crash-tested standard bridgerail barriers for these three 
performance levels together with standard transition sections between the bridgerail and the 
approach guard railing for all new construction. 
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5.3 BRIDGERAIL TYPES 

5.3.1 EARLY BRIDGERAILS (1950 TO MID 1960) 

Timber Bridgerails 
Timber rail bridgerails are generally on timber posts bolted to the side of the exterior girders 
and consist of one or two timber plank rails.  There are also some single timber plank rails 
on steel posts. This type of bridgerail is not commonly found on bridge structures today.  It is 
sometimes found on timber bridges and short standard precast concrete bridges on very low 
volume roads or land access bridges (see picture Figure 5.1).  The main defect found with 
these bridgerails is rotten timber.   

 
Figure 5.1 Timber Bridgerail 

 
Vertical Steel Bar Panel Bridgerails 
Vertical steel bar panel bridgerails consist of vertical bar panels supported between steel or 
concrete posts (see picture Figure 5.2).  This is probably the most common type of bridgerail 
on bridges built in the 1950’s and early 1960’s.  Whether they have steel or concrete post 
this type of bridgerail generally has large concrete end posts at the end of bridge.  These 
type of rails do not have a smooth continuous face for impact and even low speed collisions 
may cause considerable damage to the bridgerail panel as well as to the vehicle.  A 
common defect for these bridgerails with concrete posts is deterioration of the post due to 
corrosion of reinforcing steel in the post.  Also, paint deterioration and corrosion of the 
panels is a problem.  Many of these types of bridgerails have had the steel panels hot 
dipped galvanized as part of a rehabilitation of the bridge. 
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Figure 5.2 Vertical Steel Bar Bridgerail 

 
Horizontal Steel Rail Bridgerails 
Horizontal steel rail bridgerails consist of a number of horizontal steel rails supported on 
steel and sometimes concrete posts (see picture Figure 5.3).  These bridgerails were 
generally used on bridges where better horizontal visibility was required.  The horizontal 
rails are not continuous and vehicles may get snagged on impact.  Common defects of 
these types of bridgerails are deterioration of paint and corrosion of the steel. 

 

 
Figure 5.3 Horizontal Steel Rail Bridgerail 
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Lattice Panel Bridgerails 
Lattice panel bridgerails consist of panels of relatively thin steel bars crossing at 45 degrees 
to the horizontal.  This type of bridgerail is commonly used on through trusses where they 
are attached to the truss members (see picture Figure 5.4).  On other bridges they can be 
supported on steel posts.  These lattice panels will also sustain considerable damage in 
minor collisions. 

 

 
Figure 5.4 Lattice Panel Bridgerail 

 
Retrofit Bridgerails 
Due to the problems resulting from collisions with the above noted steel bridgerails, the 
Department developed a retrofit for these bridgerails which increased the ability of the 
bridgerail to withstand impact, helped prevent snagging, and minimized the damage from 
minor collisions.  This retrofit consists of a large tubular steel section which is attached to the 
post of the existing bridgerail with a circular steel tube spacer between the rail and the post 
which deforms on impact and distributes the horizontal loading to a number of posts (see 
picture Figure 5.5). 
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Figure 5.5  Retrofit Bridgerail 

5.2.1 SECOND GENERATION BRIDGERAILS (LATE 1960’S TO LATE 1990’S) 

Double Tube Bridgerails on Safety Curb 
The double tube bridgerail consists of two continuous square steel tube sections supported 
on square steel tube posts.  The post has a steel base plate which is attached to the 
concrete curb by large anchor bolts (see picture Figure 5.6).  The steel railing, post and 
anchor bolts are hot dipped galvanized after fabrication.  This is the most common type of 
bridgerail used on major bridges in Alberta in the 1970’s, 1980’s and 1990’s.  The first 
standard for this type of bridgerail was developed in 1969. There have been a number of 
revisions over the years with a metric version of bridgerail being developed in the mid 
1970’s.  The major revision to the original standard has been  the increased number of post 
anchor bolts from 4 to 5 bolts.  The bridgerail can sustain minor to moderate impact of a 
vehicle without significant damage.  It has also shown that it can withstand major impacts 
with moderate damage.  Common defects with this type of bridgerail are anchor bolts with 
insufficient thread projecting above the anchor nut, missing anchor nuts and corrosion of the 
steel post at the base plate due to improper drainage of water which gets inside the post. 
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Figure 5.6 Double Tube Bridgerail on Safety Curb 

 
Double Tube Bridgerail for Standard Prestressed Girders 
The double tube bridgerail for standard prestressed girders looks very similar to the double 
tube rail on major bridges.  However, it was developed for use with the curbs on the 
standard VS, SM & SC girders which were narrower than curbs on major bridges.  The front 
of the horizontal tubes was closer to the face of the curb and the height was less than the 
bridgerail on major bridges.  Also strandard prestressed girder bridges normally do not have 
wing walls at the abutments.  The horizontal tube of this type of bridgerail slope down at the 
end of the bridge and are anchored into the ground (see picture Figure 5.7).  Common 
defects found with this type of rail are similar to major bridge double tube bridgerail i.e. 
missing anchor nuts and corrosion of the steel post at the base plate due to improper 
drainage of water which gets inside the post. 

 
Figure 5.7 Double Tube Bridgerail on Standard Prestressed Girders with Soil Anchors 
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Concrete Barrier Bridgerails 
Concrete barrier bridgerail consists of a solid concrete barrier that has a short vertical face 
and two sloping faces (see picture Figure 5.8).  This barrier is commonly referred to as a 
New Jersey barrier.  The barrier can be either cast-in-place or precast and is usually 
connected to the deck.  However, when this type of barrier was precast the joints between 
the barrier and the deck and between units have had significant maintenance problems. 
Therefore cast-in-place barriers are more common. This type of barrier has been shown to 
perform very well in major impacts without sustaining significant damage.  However, they 
can cause problems with snow drifting and snow clearing on bridge decks and have not 
generally been favoured by highway maintenance staff.  A common defect with this type of 
barrier is corrosion of the reinforcing steel in the barrier due to low concrete cover causing 
delamination of the concrete. 
 

 
Figure 5.8 Concrete Barrier Bridgerail 
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Double Layer of Flex-beam Bridgerail 
Double layer flex-beam bridgerail consists of a double layer of flex-beam generally on steel 
posts  with steel base plates attached to the top of the concrete curb with anchor bolts (see 
picture Figure 5.9).  This type of bridgerail was generally used on smaller bridges on low 
volume roadways.  The two layers of flex-beam are nested together with the joints in the 
flex-beam sections staggered.  The joints are lapped with the outside in the direction of 
traffic.  This type of railing generally runs continuously unto the bridge approach railing with 
a transition from a double to a single layer.  Common defects with this type of railing are 
missing anchor bolt nuts, missing flex-beam splice bolts and improper lapping of flex-beam 
splices. 

 

 
Figure 5.9 Double Layer Flex-beam Bridgerail 

5.2.2 CURRENT BRIDGERAIL TYPES 

With the changes to the bridge barrier in the 2000 edition of Canadian Highway Bridge 
Design Code (CHBDC) the Department developed a series of standard drawings and details 
to meet the new code requirements for the three specified performance levels (PL1, PL2, 
PL3).  The new code requires that all bridge barriers be crash tested for the design 
performance level.  Since crash testing of a new type of bridge barrier is very expensive, the 
Department decided to develop bridgerail standards based on bridgerail types that had 
already been crash tested.  Details were modified and standardized to fit the type of bridges 
commonly found in Alberta. 

 
Before the latest code changes, bridges normally had a curb and a bridgerail.  Generally the 
curb was concrete but was sometimes timber and occasionally steel.  The curb allowed for 
minor impact and re-direction of a vehicle and directed water on the bridge deck into deck 
drains or off the structure.  Crash testing of bridge barriers showed that the bridge curbs as 
previously designed actually were a hazard for high speed vehicle collision since the 
vehicles would often mount the curb and become airborne before striking the bridgerail.  
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Bridgerails performed better in crash tests without a curb or when the face of the bridgerail 
lined up with the face of the curb so that the vehicle impacted both at the same time.   

 
PL1 Bridgerails 
PL1 bridgerails are used on roadways with low traffic volumes and no unusual safety 
hazards.  A number of the PL1 bridgerails that had been successfully tested, at 70 kph, did 
not have curbs and the bridgerail posts were attached directly to the deck.  These 
bridgerails were fairly economical because they eliminated the cost of the curbs.  However, 
curbs are also used to direct deck drainage.  Without curbs rain water on the deck will run 
down the side of the girders.  If the bridge is on a roadway which receives de-icing salts, 
chloride in this water can cause deterioration of the exterior face of the girder.  However, on 
low volume local roads that do not receive de-icing salts, water draining down the side of the 
bridge would not be a problem.  Therefore, the Department developed two PL1 bridgerails 
without curbs.  The bridgerail consists of a single horizontal Thrie Beam supported on steel 
H-shaped post with steel base plate and four anchor bolts into the concrete deck (see 
picture Figure 5.10).  The normal height of this bridgerail is 803 mm above the roadway 
surface.  A 706 mm low height version is also available for bridges narrower than 9 metres.  
The Thrie Beam runs off the end of the bridge and transitions to a flex-beam approach 
guardrail.  This type of bridgerail is used on small bridges on local roads which do not 
receive de-icing salts. 
 

 
Figure 5.10 PL1 Thrie Beam Bridgerail without Curb 

 
PL2 Bridgerails 
PL2 bridgerails are used on roadways with moderate to heavy traffic and would normally be 
used on roadways where de-icing salts are expected.  Therefore, the PL2 standards 
developed by the Department all have curbs or barriers to prevent water draining over the 
side of the girders.  The Department has developed four types of bridgerails in this 
performance level.  

 
One of these bridgerails is a horizontal Thrie Beam supported on steel H-shape post with 
steel base plate bolted to a concrete curb (see picture Figure 5.11).  The face of the Thrie 
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beam lines up with the face of the curb.  The total height of the curb and bridgerail is 826 
mm above the roadway surface.  This type of bridgerail would normally be used on bridges 
shorter than 20 metres. 

 
Another one of the PL2 bridgerails consists of two horizontal square steel tubes supported 
by steel H-shape posts with steel base plates and four anchor bolts into a concrete curb 
(see picture Figure 5.12).  The face of the horizontal tubes is lined up with the face of the 
curb.  The total height of the curb and bridgerail is 850 mm above the roadway surface.  
This type of bridgerail would normally be used on major bridges. 

   
The third type of PL2 bridgerail is a concrete barrier.  It consists of a single vertical sloped 
face which is 850 mm high (see picture Figure 5.13) and is generally used on urban bridges.  

 
The fourth type is a PL2 combination bridgerail, which is mainly used on urban bridges 
where there is combined vehicle and bicycle use.  It consists of a 850 mm high single slope 
concrete lower portion, extended to 1420mm high by a double tube steel portion on top.  
 

 
 

Figure 5.11 PL2 Thrie Beam Bridgerail on Concrete Curb 
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Figure 5.12 PL2 Double Tube Bridgerail 

 

 

Figure 5.13 PL2 Concrete Barrier Bridgerail 

 
PL3 Bridgerails 
The PL3 bridgerail is required on roadways with very high traffic volumes with high 
percentage of truck traffic and/or other unusual safety hazards.  Only a very small 
percentage of bridges in Alberta require a PL3 bridgerail.. .The Department’s PL3 bridgerail 
consists of double tube HSS 127 x 127 railing on top of a 600 mm high concrete base for a 
total height of 1270 mm.  
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5.4 BRIDGERAIL TRANSITIONS 

5.4.1 BACKGROUND 

Along highways that have steep banks or other hazards near the side of the highway, it has 
been common practice for many years to place some type of barrier along the shoulder of 
the highway to prevent vehicles from leaving the roadway at these locations.  Generally the 
section of the highway immediately adjacent to a bridge structure will require such a barrier.  
The most common type of roadway barrier used in Alberta is a flex-beam steel rail on timber 
posts placed into the ground.  Recycled plastic posts are sometimes used in place of timber. 

 
This flex-beam type railing deflects significantly on impact with the post breaking but the 
railing staying intact preventing the vehicle from leaving the roadway.  However, barriers on 
bridge structures cannot tolerate larger horizontal deflections and bridgerails are designed 
as rigid barrier systems which have only small horizontal deflections on impact.  This 
incongruity between the bridgerail and the approach rail systems creates the need for a 
transition between the approach and the bridgerail systems. 

5.4.2 TRANSITION TYPES 

Early Transition Sections 
The early attempts of transition did not involve connecting the approach railing to the 
bridgerail.  The flex-beam approach rail on the approaching traffic side was stopped at the 
beginning of the bridge with the face of the flex-beam inside of the face of the bridgerail and 
lined up with the face of the curb (see picture Figure 5.14).  The post spacing of the 
approach flex-beam was closer than normal for the few panels next to the bridge to reduce 
deflection as one approached the bridge.  At the end of the bridge where the traffic was 
leaving, the face of the flex-beam was lined up with the face of the bridgerail (see picture 
Figure 5.15).  This type of transition was used for bridges built in the 1950’s to mid 1960’s.  
This type of transition functioned reasonably well for impact of vehicles with the approach 
railing some distance from the end of the bridge where there was enough distance for the 
flex-beam to re-direct the vehicle back onto the roadway surface before reaching the bridge.  
However, for impact of the approach railing near the bridge, the vehicle would pocket the 
flex-beam and impact the end of the curb and bridgerail.  This type of transition can still be 
found on some older structures on low volume roads and/or where it is difficult to change to 
a better transition which connects the approach railing to the bridgerail without causing a 
hazard from a protruding concrete curb.   
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Figure 5.14 Approach Flexbeam lined up with face of curb 

 

Figure 5.15 Exit  Flexbeam line up with bridgerail 

 
Late 1960’s to Late 1990’s Transition Sections 
In the late 1960’s bridge codes started to require the approach railing to be connected to the 
bridgerail.  The stiffness of the approach railing was to be increased as it approached the 
bridge and there was to be a smooth connection to the bridgerail with no projections such as 
concrete curbs to snag the vehicle.  The approach rail was stiffened by decreasing the post 
spacing and using a double layer of flex-beam near the bridge, and the concrete curbs were 
tapered at the end of the bridge (see picture Figures 5.16 ).  Based on accident history and 
crash testing, the transition section changed over time with closer spacing of the transition 
posts and blocking of the flex-beam out from the post to prevent snagging of the vehicle on 
the post. 
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Figure 5.16 Flexbeam attached to Double Tube Bridgerail 

 
Current Transition Sections 
The new code now requires the transition section to be crash tested to the performance 
levels of the bridgerails (PL1, PL2, PL3).  The new standards developed by the Department 
involve the use of a Thrie beam section for a certain distance past the end of the bridgerail 
before transitioning to a flexbeam section.  For PL2 and PL3 bridgerails the Thrie beam is 
supported on steel H-shape posts with a fairly close spacing which changes to timber posts 
at the flex-beam transition.  The railing is blocked out from the posts to reduce the potential 
for snagging a post.  Pictures of a current bridgerail transition are shown in Figure 5.17 & 
5.18. 

 

 
Figure 5.17 PL2 Approach Transition Section 
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Figure 5.18 Back of PL2 Transition Section 

5.5 BRIDGERAIL PERFORMANCE LEVELS 

In the Canadian Highway Bridge Design Code (CAN/CSA-S6-00) the bridgerail performance 
requirements at a bridge site are based on the expected frequency and consequences of vehicle 
accidents at a bridge site.  The frequencies and consequences of vehicle accidents at a bridge site 
are a function of many variables.  These variables include:  traffic volume, percentage of truck 
traffic, highway type, barrier clearance from traffic, highway curvature, highway grade, highway 
design speed, superstructure height, people and hazards beneath bridge and the bridgerail 
performance.  The optimal (desired) level of bridgerail performance is the one that gives the least 
life cycle cost for the cost of supplying and maintaining the bridgerail, as well as, the costs of the 
accidents expected with the use of that bridgerail.  The code has a procedure for determining the 
desired performance level (PL1, PL2 or PL3).  There is a formula for calculating a Barrier Exposure 
Index which includes traffic volume, highway type, highway curvature, highway grade and 
superstructure height.  This Barrier Exposure Index is used to enter a series of tables which include 
the variables of design speed, percentage of truck traffic and barrier clearance to determine 
whether performance level PL1, PL2 or PL3 is required.  Using this procedure for bridges in Alberta 
has shown that a PL1 bridgerail will meet the performance requirements on most local roads and a 
PL2 bridgerail will meet requirements for most highways with PL3 bridgerails required in a few 
cases. 
 
 

 
5-15

BIM
Bridge Inspection and Maintenance



 
June 2007 

CHAPTER 5 - BRIDGERAILS 
 

 
5-16

BIM
Bridge Inspection and Maintenance

 
 
 
 

This page was intentionally left blank. 
 



 
June 2007 

CHAPTER 6 – DECK JOINTS 
 

6.0 CHAPTER 6 - DECK JOINTS 

6.1 PURPOSE OF DECK JOINTS 

Deck joints are provided on bridge structures to span the openings between the ends of the bridge 
deck and the abutment backwalls and the openings between the deck at the piers of simple span 
structures.  The joints are required to accommodate any movements at these openings caused by 
thermal movement or live load deflections of the superstructure and to provide a relatively smooth 
riding surface across the opening.  Also most deck joints are required to prevent the water from the 
deck getting onto the ends of the girders and the substructure.  This can be done by either 
providing a waterproof seal in the joint or a drainage system underneath the joint to collect and 
direct the water away from the bridge elements. 

6.2 HISTORY/BACKGROUND 

Early deck joints were generally some type of steel sliding plate where a steel plate attached to one 
side of the joint slid on a steel plate attached to the deck surface on the other side of the joint.  De-
icing salts were not widely used on roadways and there was little attempt to prevent water from 
getting through the joints.  In some cases, where there were only small openings, no joints were 
provided.  In these cases steel angles were sometimes provided to protect the edge of the concrete 
deck.  For joints that had large thermal movements which required thick plates to span the 
openings, the plates were cut in a finger pattern to provide a smooth riding surface across the joint. 
 
With the increased use of de-icing salts and a better understanding of the problems caused by 
chloride contaminated water, more attention was directed at handling water at deck joints. For large 
finger plate joints, which had space underneath, drainage systems were designed to collect water 
running through the joints and to direct it away from the structure.  These systems worked relatively 
well.  However, they often became blocked with debris and had to be cleared out regularly to be 
effective.  Also, they were normally made of steel which corroded over time.  For small openings 
which could not accommodate a drainage system, attempts were made to prevent water from going 
through the joints.  A number of different types of seals and caulking were tried.  At joints that had 
little or no movement, waterstops made of flexible waterproof materials were cast into blockouts at 
the ends of the girders.  For joints with small movements compression seals were sometimes used.  
These compression seals were made of a rubber type material which could be compressed and 
placed into the joint between the concrete surfaces.  The expansion forces in the seal before it was 
installed were then supposed to hold the seal in place.  In practice none of these early waterproof 
type joints worked very well.   
 
In the early to mid 1970’s a number of companies started to develop a gland type joint which 
consisted of steel extruded shapes, which were cast into the concrete on each side of the joint, into 
which a waterproof seal was inserted.  The Department started using these types of joints in the 
mid 1970’s.  These joints worked relatively well if they could be kept free of debris.  However, with 
rocks and other debris getting into the joint and traffic running over it, the seals would often get 
damaged or torn.  This led to the development of a gland type joint with a coverplate which 
prevented debris from getting into the joint.  The coverplates were removable to allow the seals to 
be inspected and replaced when necessary.  This type of joint worked well to protect the seal but 
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over time the coverplates became loose resulting in a maintenance problem and a potential traffic 
hazard.  The gland joint manufacturers started to develop better materials for the seals which were 
move resistant to damage.  In the mid to late 1980’s, the Department started using gland type joints 
with the new seal materials without coverplates and found that they worked fairly well on paved 
roadways. The Department now only uses coverplates on gland type joints on gravel roadways. 
 
The gland type joints can only accommodate moderate amounts of movement.  The largest gland 
joints can in theory accommodate total a maximum of 100mm of movement.  However, in practice 
the Department generally restricts its use to movements of less than 100 mm.  There are modular 
gland type joints manufactured that can accommodate larger movements but they have generally 
not performed well and have had maintenance problems.  For large deck joint movements the 
Department uses steel finger plate joints with drainage systems for the water coming through the 
joint.  These systems have been improved with the use of more corrosion resistant materials and 
details which make them easier to clean out. 
 
All types of deck joints require some type of maintenance and in recent years there has been a 
movement among bridge designers to design the shorter bridges without deck joints.  The girders 
and deck are made continuous over the piers and the ends of the deck at the abutments are made 
integral with the abutment backwalls.  Any thermal movements are accommodated by flexing of the 
abutments and stresses in the superstructure.  The Department now uses integral abutment design 
for all concrete girder bridges of total length of less than 50m and steel girder bridges of total length 
less than 40m and may in some cases use integral abutment design for longer structures.  
Sketches of an integral abutment can be seen in Figures 6.1 & 6.2. 

 
Figure 6-1 Full Integral Abutment 
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Figure 6-2 Semi-integral Abutment  

 

6.3 DECK JOINT TYPES AND PROBLEMS 

6.3.1 FINGER PLATE JOINTS 

Finger plate joints are still the most common type of joint used on long continuous girder 
bridges.  A large steel plate is cut in a finger pattern.  One side of the plate is attached to the 
girder side of the abutment joint and spans the gap between the end of the girders and the 
abutment backwall.  This plate slides on a steel plate which is attached to the abutment and 
has the other half of the cut finger plate attached to it to mesh with the sliding finger plate.  A 
picture of a finger plate joint can be seen in Figure 7.3 of the Level 1 BIM Manual. 

 
Defects/Problems 

• A common defect with this type of joint is gaps between the finger plate and the 
plate it is sliding on (see picture Figure 6.3).  This defect has a number of 
different causes.  Deflection of the girders from the dead weight of the deck can 
cause the one side of the joint to rotate.  To prevent this, these joints are 
generally now placed after the concrete deck has been cast and this rotation has 
taken place.  Another cause of this gap can be settlement or rotation of the 
abutment.  Distortion of the plates due to welding during the manufacture or 
improper installation can also cause this problem.  If not fixed, stresses in the 
finger plate due to heavy truck traffic can cause cracking of the welds and the 
plates.  Also, the ends of a sticking up finger can be caught by snow plows which 
can cause damage to the joint and plow and create a potential hazard.    This 
defect can be difficult to solve.  Heating and bending of the fingers is sometimes 
used.  Shims are sometimes placed under the finger plate.  In some cases the 
joint must be removed and reset. 
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• Voids under the steel plates due to improper placement of concrete during 

installation is another common defect.  The voids can allow water through the 
joint which bypasses the drainage system and the lack of support for the plates 
can cause breakage of the joint anchors.  This defect can generally be corrected 
by drilling holes in the steel plate and pressure grouting the voids. 

 
• Deterioration of the concrete paving lips at the finger joint is another common 

defect (see picture Figure 6.4).  The concrete around these joints often does not 
get properly compacted and the joint generally creates somewhat of a bump 
where there is a pounding of this concrete by heavy traffic. 

 
• The steel fingers are sometimes not aligned properly so that the finger surface on 

one side will close before the other (see picture Figure 6.5).  This can be an 
indication of some transverse movement of the bridge or abutment.  However, it 
can also be caused by improper manufacture or installation of the joint. 

 
• Problems with the drainage system are common for these joints (see picture 

Figure 6.6).  Sand and debris often fill the trough drains blocking the flow of any 
water.  Also in some cases there is leakage between the trough drains and the 
backwall to which it is attached.  On older structures the trough drains may be 
heavily corroded with numerous perforations. 

 
 

 
Figure 6-3 Vertical misalignment of finger joint 
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Figure 6-4 Deterioration of concrete paving lip 

 
 
 
 

 
Figure 6-5 Fingers not properly aligned and broken finger 
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Figure 6-6 Drain filled with sand and starting to corrode 

6.3.2 GLAND JOINTS 

Gland joints consist of metal extrusions, which are anchored into concrete on each side of 
the joint, into which a flexible waterproof seal is placed.  A picture of a gland type joint can 
be seen in Figure 7.5 of the Level 1 BIM Manual.  Gland type joints are used on bridges that 
have small to moderate thermal movements. 

 
Defects/Problems 

• A common defect with this type of joint is torn or dislodged seals (see pictures 
Figure 6.7 & 6.8).  Minor tears in a seal can sometimes be repaired but 
replacement of the seal is normally required for this defect.  If the seal has been 
dislodged out of the extrusion it can sometimes be placed back in the extrusion if 
there is no other damage to the seal. 

 
• Damage to the metal extrusions from snow plows is another problem with this 

type of joint (see picture Figure 6.9).  Repair of this problem involves removal 
and replacement of the damaged section of the extrusion.  It will also normally 
require the replacement of the seal.  The present practice for these joints is to 
recess the joint extrusion slightly below the deck surface to help prevent this 
problem. 

 
• Deterioration of the concrete in the blockouts or paving lips is also a problem at 

this type of joint for the same reasons as at the finger plate joints.  In these cases 
the deteriorated concrete is removed and re-cast. 

 
• Sometimes the skew angle on a joint can closely match the skew angle on a 

snow plow blade and the plow blade can fall into the opening of the gland type 
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joint causing damage to the joint and plow.  Generally, this is only a concern on 
bridges having a skew of 20 to 45 degrees.  To prevent this problem metal 
straps, called snow plow guards, are welded to one side of the extrusion 
extending across the joint opening (see picture Figure 6.10).  However, due to 
heavy truck traffic, these straps can be a maintenance problem with the welds 
anchoring the straps or the straps themselves breaking and requiring 
replacement.  

 
 

 
Figure 6-7 Torn seal 

 
 

 
Figure 6-8 Dislodged seal 

 
6-7

BIM
Bridge Inspection and Maintenance



 
June 2007 

CHAPTER 6 – DECK JOINTS 
 

 
Figure 6.9 Damage to metal extrusion 

 

 
Figure 6.10 Damaged snow plow guard 

 

6.3.3 ARMOURED GLAND JOINT 

This type of joint is a gland joint with a bolted cover plate which protects the gland seal from 
damage.  A picture of an armoured gland joint can be seen in Figure 7.6 of the Level 1 BIM 
Manual.  This type of joint is normally used for gland joints on gravel roads. 
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Defects/Problems 

• A common problem with this type of joint is gaps between the bolted coverplate 
on the non-bolted side of the plate similar to problems that occur with finger plate 
joints.  Traffic crossing the joint will cause the coverplate to flex and the bolts to 
break or to become loose.  Shimming of the cover plate will help this problem but 
it is often a continuous maintenance problem. 

 
• Missing, broken and loose bolts are very common problems with this type of joint.  

These defects are often related to the previous problem of improper bearing of 
the coverplates and may also be caused by improper tightening of the bolt or the 
type of bolt used.  If there are problems with too many of the bolts, the cover 
plate can come completely out of the joint causing a traffic hazard. 

 
• Because the armoured gland joint requires a wider plate welded to the extrusion 

to accommodate the coverplate and coverplate bolts, there are sometimes 
problems placing concrete under the joint plates.  This can result in voids under 
the joint similar to the problems with finger plate joints.  If these voids are 
detected, they can be pressure grouted. 

 

6.3.4 ASPHALT PLUG JOINT 

This type of joint consists of a segment of flexible asphaltic material that spans the gap 
between the ends of girder spans or between the end of a span and the backwall.  A picture 
of this type of joint can be seen in Figure 7.7 of the Level 1 BIM Manual.  This type of joint is 
sometimes referred to as a thermoplastic joint.  These joints would be used for fixed joints or 
joints with very little thermal movement. 

 
Defects/Problems 

• The material can become very flexible in warm temperatures and on joints on 
steep grades, the material can tend to move down the grade.  Also, the braking 
forces of traffic can cause the material to move. 

 
• In lower temperatures the material becomes harder and cracking of the material 

can occur. 
 

• At the curb this material is placed up the curb face.  However, if not held in place 
by a metal plate, it will tend to flow down the curb face. 

 
• This type of joint can be simple to install but it requires a sound well cured 

concrete surface to support the flexible asphaltic material.   
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6.3.5 SLIDING PLATE JOINT 

This joint consists of two steel plates which overlap one on top of the other and slide back 
and forth.  A picture of a sliding plate joint can be seen in Figure 7.4 of the Level 1 BIM 
Manual.  It is a type of joint that is not presently used for bridge structures in Alberta but it 
was commonly used in the past for joints with moderate thermal movements.  It is not 
waterproof and generally does not have any type of drainage system. 

 
Defects/Problems 

• Like many of the joints, it can have deteriorated concrete at the blockouts/paving 
lips along the joints. 

 
• Since they are not waterproof, the main problems with these type of joints is the 

damage being caused by the water leaking through the joints. 
 

• These joints also can have gaps between the plates which slap in traffic 
eventually failing the joint anchor welds. 

 

6.3.6 BUFFER ANGLE JOINT 

This joint consists of metal angles cast into concrete on either side of the gap.  A picture of a 
buffer angle joint can be seen in Figure 7.8 of the Level 1 BIM Manual.  It is only used on 
small span bridges with very little thermal movement on local roads.  The gap between the 
angles may sometimes be filled with some type of sealant.  However, in many cases the gap 
is just left open.  The main purpose of the buffer angles is to protect the ends of the girders 
or bridge deck. 

 
Defects/Problems 

• The buffer angles can sometimes be damaged by snow plows especially if they 
protrude above the deck surface. 

 
• The blockout concrete at the buffer angles can be deteriorated (see picture 

Figure 6.11). 
 

• There can be vertical misalignment between the angles in different spans.  This 
can be a sign of failure of a bearing or timber cap, but can also be caused by 
improper placement of the girders. 
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Figure 6.11 Deterioration of concrete at buffer angles 
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7.0 CHAPTER 7 - CULVERTS 

7.1 GENERAL 

For the purpose of this manual, culverts are defined as structures that are completely surrounded 
by soil and located below the surface of the roadway parallel to the general direction of the stream 
flow.  A bridge-size culvert is defined as a culvert having equivalent flow area of 1500 mm diameter 
or greater.  Bridge-size culverts receive Level 1 BIM inspections at regular intervals as outlined in 
the Level 1 BIM Manual. 
 
Culverts can be timber, concrete or metal.  Timber and concrete culverts are classified as “rigid 
culverts” and are designed to carry external loads without significant deflection.  Metal culverts are 
classified as “flexible culverts”.  They consist of relatively thin corrugated metal which has low 
bending strength and they are dependent on the surrounding backfill for load carrying capacity. 
 
Bridge-size culverts have proven to be an efficient and economical alternative to conventional 
bridge structures for small stream crossings and have been widely used in Alberta for the past 45 
years.  Approximately 52% of all stream crossings in the Province are bridge-size culverts.  Of 
these, less than 1% are timber, less than 5% are concrete, and more than 94% are metal culverts. 
 

7.2 TYPES OF CULVERTS 

7.2.1 TIMBER CULVERTS 

Before the development of the corrugated metal culverts, timber was commonly used for 
smaller culverts.  However, timber culverts have not been used in Alberta for over 40 years 
and there are only a small number still in service.  These culverts are box shape structures 
consisting of heavy timber members.  They are fairly small compared to the large concrete 
and metal culverts used today.  These culverts have performed fairly well over the years 
with rotting of the timber being the major defect.  

7.2.2 CONCRETE CULVERTS 

There are two main types of concrete culverts – concrete boxes and concrete arches.  
Concrete box culverts can be single or multi-cell consisting of rectangle shapes with a roof, 
sidewall and a floor (see picture Figure7.1).  The concrete box culvert can be cast-in-place 
or precast.  Concrete arch culverts consist of a concrete arch shape supported on a 
concrete footing (see picture Figure 7.2) and are normally cast-in-place but can be precast 
in segments. The footing is normally supported on the soil but can be supported on piles.  
The arch culvert may or may not have a concrete floor.  If it does not have a concrete floor, 
there is generally some type of protection (e.g. large rocks) to prevent erosion of the stream 
bed through the culvert.  The concrete arch culverts are normally larger than concrete box 
culverts. 
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Figure 7-1 Concrete Box Culvert 

 

 
Figure 7-2 Concrete Arch Culvert 

 
Before the development of large corrugated metal culverts, concrete culverts were 
commonly used for culverts beyond the size of timber culverts.  The corrugated metal 
culverts are generally more economical to construct than concrete culverts and the number 
of concrete culverts constructed in Alberta in the past 40 years has been relatively small. 
Concrete culverts are still used where geotechnical problems prevent the use of metal 
culverts and for very large culverts that are beyond the normal limits for metal culverts.  
Concrete is also sometimes used in very corrosive environments where metal culverts would 
have a significantly shorter life. 

  
Concrete culverts have proven to be very durable and do not have many maintenance 
problems.  One of the main areas of defects in these culverts has been the culvert floor.  
They are often fairly thin and not well reinforced and they tend to crack and heave.  They 
can be undermined and removed by high flows.  With the floor removed the streambed can 
be eroded during flood conditions and this can lead to the failure of the culvert. 

7.2.3 FLEXIBLE METAL CULVERTS (CSP/SPCSP) 

These are by far the most common bridge-size culverts found in Alberta.  Flexible culverts 
are constructed of thin metal plate (normally steel) that has been corrugated to increase its 
stiffness.  However, these structures are still very flexible and depend on the soil 
surrounding the culverts to maintain their shape.  These culverts fall into two main types:  
The Corrugated Steel Pipe (CSP) culvert and the Structural Plate Corrugated Steel Pipe 
(SPCSP) culvert.  The CSP culvert is manufactured and installed in complete rings joined 
together by some type of coupler.  The culverts are normally round but can be manufactured 
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in arch shapes.  The SPCSP culvert is constructed from segments of corrugated steel plate 
bent to various radii.  These plates are bolted together along longitudinal and circumferential 
seams.  Since the plates can be different radii, these culverts can be round, arch or elliptical 
in shape.  They also do not have to be complete rings and can have open bottoms with the 
culvert wall supported by concrete footings (pictures of a SPCSP culvert can be seen in 
Figures 13.1 and 13.2 of the Level 1 BIM Manual). 

 
Corrugated Profile & Plate Thickness 
There are a number of different profiles for corrugated steel plate.  The corrugation profile is 
defined by the pitch (the distance between two valleys or crests of the corrugation) and the 
depth (the distance between the valley and the crest of the corrugation). Also there are a 
number of different thicknesses of corrugated steel plates.  Table 7.1 & 7.2 below shows the 
available profiles and plate thicknesses of corrugated steel plate.  CSP culverts have four 
different corrugation profiles ranging from 38 x 6.5 mm to 125 x 26 mm and plate 
thicknesses of 1.0 mm to 4.3 mm.  The smaller profiles and thicknesses are used for small 
drainage ditch and non bridge-size culverts with the larger profiles and thicknesses being 
used for the larger bridge-size culverts. CSP culverts are available up to approximately 3 
metres diameter. 

 
 Corrugated Steel Pipe 

(CSP/CMP) 
Structural Plate 
Corrugated Steel Pipe 
(SPCSP/SPCMP) 

38 X 6.5 mm 152 x 51 mm 
68 x 13 mm 380 x 140 mm 
76 x 25 mm 400 x 150 mm 

Corrugation 
Profiles 
(pitch x depth) 

125 x 26 mm  
Table 7.1 Corrugation Profile 

 
 

Corrugated Steel Pipe 
(CSP) 

Structural Plate 
Corrugated Steel Pipe 

(SPCSP) 
Gauge Nominal mm Nominal mm 

20 1.0 3 
18 1.3 4 
16 1.6 5 
14 2.0 6 
12 2.8 7 
10 3.5 8 
8 4.3  

Table 7.2 Plate Thickness for CSP and SPCSP 
 
Until fairly recently SPCSP profiles were manufactured with only one profile (152 x 51 mm) 
with plate thicknesses up to 7 mm.  This SPCSP profile could be used for construction of 
culverts up to approximately 6 metres diameter.  About 10 years ago corrugated metal 
culvert manufacturers developed larger corrugation profiles (380 x 140 mm and 400 x 150 
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mm) with plate thicknesses up to 8 mm.  These profiles allowed the construction of much 
larger culverts with spans up to 25 metres.  These larger corrugation profiles are commonly 
referred to by the different manufacturer’s trade names of Super-Cor and Bridge-Plate. 

 
The Super-Cor and Bridge-Plate profiles have become popular for open bottom type 
culverts.  These larger profiles have permitted these open bottom culverts with fairly long 
spans to be used for roadway and animal underpasses as well as stream crossings.  There 
are a number of different shapes for these open bottom culverts and some of these shapes 
are illustrated in Figure 7.3. below. 

 

 

Box Culvert 
 

       High Profile Arch 
 

    Medium Profile Arch 
 

 
   
                   Low Profile Arch                     Standard Arch 

 
Figure 7-3 Open Bottom Culvert Shapes 

 

7.2.4 ARCH BEAM CULVERT (ABC) AND CULVERT ARCH BEAM (CAB) 

There are two hybrid type culverts which are sometimes used in Alberta.  They are both 
corrugated metal culverts that use a composite concrete slab for part of the structure.  The 
Arch Beam Culvert (ABC) is a horizontal elliptical structural plate culvert with a composite 
concrete slab which extends over the sidewall backfill (see Figure 7.4).  This culvert is used 
for situations with low fill cover where the composite concrete slab is required to carry live 
load stresses.  These types of culverts are common on irrigation canal crossings.  The 
Culvert Arch Beam (CAB) is a vertical arch shape with a composite concrete slab on the top 
portion of the arch which has a slotted angle iron joint along each spring line to allow for a 
small amount of differential movement between the composite top arch and the bottom 
section of the culvert to avoid cracking of the seams at the spring line. 
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Figure 7-4 Arch Beam Culvert (ABC) 

7.3 CULVERT CORROSION PROTECTION 

7.3.1 CULVERT COATINGS  

All corrugated steel culverts have some type of coating to protect the steel from corrosion.  
The available coatings for corrugated steel (in order of increasing cost) are galvanized, 
double galvanized, aluminized or polymer coating.  The corrosion of a steel culvert is a 
function of the pH and the conductivity of the soil and water at the culvert site.  Lower pH 
(more acidity) and higher conductivity (lower resistivity) are more corrosive for the culvert.  
The normal expected life for coatings of a culvert plate is a 50 year life to first perforation of 
the culvert plate.  The Department has developed a best practice guideline for selection of 
steel culvert coatings based on this 50 year life and this guideline can be found on the 
Department’s website.   

 
Normal galvanizing (610g/m²) will give a 50 year perforation life for most site conditions 
found in Alberta and is by far the most common coating used for steel culverts.  Double 
galvanizing (1220g/m²) increases the amount of zinc coating on the metal surface and can 
be used in conditions of lower resistivity and lower pH than normal galvanizing.  In the field a 
bridge inspector will normally not be able to distinguish between galvanized and double 
galvanized plate.  Aluminum coating gives very good protection to the steel in areas of low 
resistivity but in not recommended for conditions of pH<5.0.  Polymer coated culverts are 
the most resistant to corrosion in areas of low pH and low resistivity.  It would normally only 
be used in very aggressive environments and is not commonly used for metal culverts in 
Alberta.  Also, in very aggressive corrosion environments, concrete pipe culverts are 
sometimes used. 
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7.3.2 CATHODIC PROTECTION 

Another method of protecting metal culverts from corrosion is a cathodic protection system.  
Corrosion of metal is an electro-chemical process which involves the creation of small 
electric cells with flow of electrons from one area (the anode) to the other area (the 
cathode).  Corrosion or loss of section occurs at the anode.  A cathodic protection system 
involves the establishment of an anode external to the structure being protected making the 
structure the cathode.  There are two types of cathodic protection systems.  There are 
passive systems in which a sacrificial anode of metal with high corrosion potential is 
electrically connected to the structure (the cathode) and there are impressed current 
systems in which an external power source is used to impose a current from an inert (low 
dissolution) anode to the structure ( the cathode). 

 
The zinc and aluminum coatings used for corrugated steel culverts are really a form of a 
sacrificial anode system in that the zinc and aluminum will sacrifice itself to protect the steel.  
However, this is not normally thought of as a cathodic protection system.  Cathodic 
protection systems are commonly used to protect oil and gas pipelines.  These systems are 
not commonly used for large culverts.  However, cathodic protection systems have been 
used for a small number of culverts in Alberta.  These have been at sites where the normal 
coatings have shown premature failure due to an aggressive corrosion environment and the 
cathodic protection systems have been installed to extend the life of the culverts. 

 
Most of the cathodic protection systems used for bridge-size culverts in Alberta are 
impressed current systems.  Where there has been a power source fairly close to the culvert 
site, these systems have been fairly economical to install.  However, the systems require 
regular maintenance and monitoring to assure that the system is working properly. 

7.4 COMMON PROBLEMS/DEFECTS 

Deformation 
For flexible culverts, deformation of the designed shape of the culvert is a common problem (see 
picture Figure 7.5).  Corrugated metal culverts are fairly weak in bending and depend on the soil 
around the culverts to maintain their shape.  It is very important that the backfill around the culvert is 
properly compacted.  Poor backfill practices have lead to deformations of the roof and the sidewalls 
of the culvert.  Major deformations, especially with the roof of the culvert, can lead to collapse of the 
culvert (see picture Figure 7.6). 
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Figure 7-5 Deformation of culvert shape 

 
 

 
 

Figure 7-6 Collapsed culvert 
 
Cracked Longitudinal Seams 
The SPCSP culverts have longitudinal seams between segments where the corrugated plates are 
lapped and bolted.  A common defect of these seams is cracking of the plate between the bolt holes 
(see picture Figure 7.7).  These cracks are due to bending stresses that are induced into the joint.  
In theory there are no bending moments at these joints and the forces are carried across the joint in 
ring compression.  However, in practice, for various reasons these longitudinal joints are often 
subject to bending stresses.  Some causes are: 

• The lapped plates may not rest properly due to improper fabrication or assembly of the 
plates.   

• The soil at the joint may not provide proper support due to improper backfill.   
• The bolts at the joint may be over-torqued. 
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The bending capacity of the joint is dependent on the lap of the plates.  A joint (seam) that has the 
plates lapped so that the bolts in the valley are nearer the visible edge of the plates has significantly 
greater bending capacity than a joint (seam) that has a lap with the bolts on the crest nearer the 
visible edge.  Therefore, seams with improper laps are much more likely to crack from bending 
stresses induced into the seam. 
 

 
Figure 7-7 Cracking of plate between bolt holes 

 
Separated Circumferential Seams 
The CSP culverts are manufactured in complete rings which are joined at circumferential seams 
generally with some type of coupler.  These circumferential seams can sometimes become 
separated due to movement of the surrounding soil allowing fill material into the culvert. 
 
Corrosion 
Corrosion is a common problem with metal culverts.  The corrosion can be due to the water or the 
soil or both.  Corrosion due to water can be easily seen during an inspection (see picture Figure 
7.8).  However, corrosion due to the soil is harder to detect but is sometimes noticeable by rust 
staining coming through the bolt holes above the waterline (see picture Figure 7.9).  
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Figure 7-8 Corrosion due to water 

 
 

 
Figure 7-9 Corrosion due to soil 

 
 
Cracking of Concrete Floors 
Cracking and heaving of the floor of concrete culverts is a common problem.  This can be a serious 
defect since severe cracking and heaving of the floor can lead to its removal during high flows and 
possible undermining and failure of the culvert. 
 
Scour and Other Hydraulic Problems 
Scour is a common problem for both concrete and metal culverts (see picture Figure 7.10).   
Culverts normally restrict the stream flow at their location and cause higher velocities of the water 
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particularly in flood situations.  Since the stream is being restricted, improper transition between the 
stream and the culvert section may cause scour.  Also the alignment of the stream at either end of 
the culvert may cause scour problems. 
 

 
Figure 7-10 Culvert scour 

 
The restriction in stream opening at the culvert can also cause problems with debris catching at the 
ends and partially or completely blocking the stream flow.  Removal of debris accumulation is a 
regular maintenance item for culverts. 

7.5 REPAIR OF CULVERTS 

Strutting 
Strutting is one of the most common repair procedures used for metal culverts.  Timber or steel 
struts are installed inside the culvert.  The struts are supported on the top and bottom by 
longitudinal beams (see picture Figure 7.11).  Strutting is used for problems with deformation and/or 
cracking of longitudinal seams.  It is generally considered a temporary repair which is used to 
prevent a complete collapse of the culvert.  It is often used to keep a culvert in service for a number 
of years until it can be replaced.  However, struts have been used successfully in some culverts for 
long periods of time.  The main problem with this type of a repair is that the struts can be removed 
by the force of debris during floods or the debris can catch on the struts and completely block the 
culvert. 
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Figure 7-11 Strutting 

 
Shotcrete/Concrete Beams 
Shotcrete beams are used to repair cracked longitudinal seams on culverts that have serious 
cracks of longitudinal seams but do not have other significant defects such as deformation or 
corrosion.  The repair method consists of attaching anchors to the culvert plate on each side of the 
seam, placing reinforcing steel, and covering the anchors and reinforcing steel with shotcrete 
concrete (see picture Figure 7.12).  The shotcrete beam helps transmit the ring compression forces 
in the culvert across the longitudinal seam.  It also holds the plates at the seam in place so that they 
cannot slide past each other if the plate cracks completely between the bolt holes.  The shotcrete 
beam is normally an economical repair if there is only one or two cracked longitudinal seams in a 
culvert ring.  .  If there are more than two cracked seams in a ring, a culvert liner maybe more cost 
effective.  Recently, cast-in-place concrete beams have been used in place of shotcrete beams. 
 

 
Figure 7-12 Shotcrete beam 

 
 

 
7-11

BIM
Bridge Inspection and Maintenance



 
June 2007 

CHAPTER 7 - CULVERTS 
 

Culvert Liners 
Culvert liner repairs involve the placing of another culvert inside the existing culvert and grouting the 
space between the two culverts with concrete.  The culvert liner can be a complete culvert that is 
dragged inside the existing culvert (see pictures Figure 7.13) or it can be assembled from culvert 
liner plates inside the culvert.  Culvert liners can be used for culverts with a number of different 
problems, eg. corrosion, cracked or separated culvert seams, and moderate deformations.  The 
culvert liner reduces the size and the hydraulic capacity of the culvert.  If the culvert has some 
excess hydraulic capacity or if the culvert site allows for the culvert to operate under a head, this 
type of repair is feasible.  Sometimes smooth wall pipe can be used for the culvert liner which can 
restore some or all of the hydraulic capacity lost with decreased size.  Culvert liners can be used for 
only part of the length of the culvert (if defects are only in that part) or for the whole length of the 
culvert.  A culvert liner can be an expensive method of repair especially for the entire length of the 
culvert.  If the culvert is in a relatively shallow fill, it is generally more economical to completely 
replace the culvert.  However, under high fills or for high volume roadways, culvert liners can be 
very cost effective. 
 

 
Figure 7-13 Culvert liner 
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Concrete Floors 
Concrete culverts often have problems with cracking and heaving of their concrete floors.  
Replacement of these floors in low flow conditions can be a cost effective repair.  Also for metal 
culverts that have problems with corrosion from the water at the bottom of the culvert placing a 
concrete floor can be an economical repair.  Metal arch culverts often have problems with cracking 
at the haunches of the arch, and corrosion and heaving problems with the floor.  A reinforced 
concrete floor with partial height concrete walls up the sides of the culvert can be used to repair 
these problems (see picture Figure 7.14). 
 

 
Figure 7-14 Concrete floor with partial concrete walls 

 
Rock Rip Rap/Scour Repair 
Scour and erosion are common problems with culverts and placement of rock rip rap is the most 
common method for repair of these problems.  Rock rip rap is classified by size of the rock and 
range from Class 1M (average size 200 mm) to Class lll (average size 900 mm).  Large rock is used 
for larger culverts with higher stream flows.  Class lll rock rip rap would only be used for very large 
culverts.  For repair of scour problems it is generally necessary to place fill in the scour holes before 
placing the rock rip rap.  Filter cloth is placed on the fill material before placing the rock to prevent 
this material from being undermined by the stream flow.  Filter cloth is also now normally placed 
under all rock rip rap.  Below are some pictures of rock rip rap repairs of culverts (Figures 7.15 to 
7.17). 
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Figure 7-15 Rock Rip Rap at culvert outlet 

 

 
Figure 7-16 Scour repair 
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Figure 7-17 Rock Rip Rap being placed at new culvert 

7.6 CULVERT SIZE/HYDRAULIC CAPACITY 

A culvert must be capable of accommodating the flow of the stream in flood conditions without 
causing significant damage to the land and property surrounding the culvert.  Culverts may 
sometimes run under a head backing up the water levels and causing some upstream flooding.  If 
the culvert is located in an area where this flooding does not have significant impact it may be 
acceptable.  Also many streams will have debris during flood conditions and culverts are designed 
to have some free board during flood conditions to pass this debris.  Determining the volume of 
water a culvert may need to accommodate during a flood event can be difficult and there is a whole 
area of hydrotechnical engineering devoted to this field.  There are statistical methods available to 
predict flood flows based on previously recorded flood events.  These predicted flows are assigned 
probabilities of occurring e.g. 1 in 25 years, 1 in 100 years, etc. and depending on the importance of 
the crossing, a culvert would be designed for a particular return period.  Most major streams have 
gauge stations where flood flows have been recorded for many years and significant data is 
available.  However, for most small streams where culverts are used, there are few if any records.  
Therefore, using conventional statistical methods to predict flood flows can be very inaccurate. 
 
The Department has recently developed a new approach to determine culvert design flows which is 
commonly referred to as the Run-Off Depth Method.  This method uses historical rainfall records 
and the drainage area of the culvert to determine a maximum flow for the culvert.  Environment 
Canada has very old and detailed records of rainfall and it is believed that this approach to 
determining the flood design flow will give better results than earlier methods.  Details on the 
Department’s Run-Off Depth Methods can be found on the Department’s website.  There are 
sometimes other factors besides accommodation of extreme floods that need to be considered 
when determining the size of a culvert.  Fish passage will be a requirement in most streams and 
this may require low culvert velocity at regular flood events which may govern the size of the 
culvert.  Also for navigable streams the ability to accommodate watercraft may govern the size of 
the culvert.    
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Concrete girders develop cracks for many reasons, e.g. shrinkage, improper curing, tensile bending 
stresses, corrosion of reinforcing steel, shear stresses, etc.  The significance of these cracks and 
other defects and their effects on the condition and functionality of the girders is dependent on the 
type of girder, the type of crack or defect, and their location in the girder.  For example, narrow to 
medium width shrinkage cracks are generally not significant.  A concrete spall outside the 
anchorage zone is also not significant.   However, a concrete spall inside the anchorage zone may 
be more serious.   
 
Section 7.15 Concrete Girder Rating Guide of the Level 1 BIM Manual gives details on the 
significance of various types of cracks and other defects in concrete girders along with guidelines 
for girder ratings.  The following photographs show some typical concrete girder cracks and other 
defects. 
 
 
 
 
 
 
 
 

 
 

Figure 8-1 Type PG Girder – Spalling on girder leg 
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Figure 8-2 Type PE Girder – Spalling on leg of curb girder 
 
 

 
 

Figure 8-3 Type HC Girder – Wide crack in anchorage zone 
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Figure 8-4 Type HC Girder – Deteriorated end diaphragm 
 
 
 
 
 

 
 

Figure 8-5 Type PX Girder – Deck punchout 
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Figure 8-6 Type PE Girder – Crack along both webs and deck underside 
 
 

 
 

Figure 8-7 Type PE Girder – Shear crack 
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Figure 8-8 Type PE Girder – Shear crack with corrosion staining 
 
 
 
 

 
 

Figure 8-9 Type SM Girder – Corrosion stains from connector pockets 
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Figure 8-10 Type SM Girder – Typical corrosion spot with no significant effect on rating 
 
 
 
 
 

 
 

Figure 8-11 Type SM Girder – Typical diagonal crack in girder bottom at pier 
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Figure 8-12 Type SM Girder – Typical vertical crack at girder end 
 
 
 
 
 

 
 

Figure 8-13 Type FC Girder – Typical crack in deck underside/web chamfer at girder end 
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Figure 8-14 Type FM Girder – Typical longitudinal crack on inside web at abutment 
 
 
 
 
 
 

 
 

Figure 8-15 Type FC Girder – Typical vertical crack with corrosion staining at girder end 
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Figure 8-16 Type FC Girder – Corrosion spots on underside of leg near bearing with no 
significant effect on rating 

 
 
 
 
 

 
 

Figure 8-17 Type PM Girder – Wide crack with corrosion staining at girder bottom 
 

BIM
Bridge Inspection and Maintenance



 
June2007 

CHAPTER 8 – PHOTOS OF  
TYPICAL CONCRETE GIRDER CRACKS AND DEFECTS 

 

           
8-10 

 
 
 
 

 
 

Figure 8-18 Type PM Girder – Wide crack and spall with corrosion staining at girder bottom 
 
 
 
 
 
 

 
 

Figure 8-19 Type DBT Girder – Typical crack in girder end block at transition zone 
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