Removal of Existing Structures Art. 501.03
DIVISION 500. STRUCTURES

BRIDGES

SECTION 501. REMOVAL OF EXISTING STRUCTURES

501.01 Description. This work shall consist of the removal of existing traffic
and drainage structures or portions thereof.

CONSTRUCTION REQUIREMENTS

501.02 General. Materials that are to be salvaged under the contract and
which the Engineer deems fit for reuse shall be carefully removed in transportable
sections and stockpiled near the site at a location designated by the Engineer. If the
material for reuse is unfit, through no fault of the Contractor, the material shall be
disposed of according to Article 202.03. When the Contractor damages or destroys
such material, the Contractor shall repair or replace the material in a manner
satisfactory to the Engineer. Materials that are not to be salvaged shall be removed
and disposed of according to Article 202.03.

When a superstructure is specified to be salvaged for reerection, all members
and loose parts shall be properly matchmarked, all machined steel surfaces treated
with an approved anti-rust compound, and all loose parts wired to adjacent members
or packed in marked boxes.

501.03 Protective Shield System. When required, a protective shield system
shall be erected and maintained to protect pedestrian, vehicular, or railroad traffic
from falling objects. The system shall protect the area shown on the plans. The
protective shield system shall be designed and constructed to sustain loads of
200 Ib/sq ft (9.5 kPa) in addition to its own weight. Protective shield systems
comprised of wood members shall be designed for a minimum loading duration of
seven days. The system may be either fixed or mobile. The existing vertical
clearances above roadways and/or railroad tracks shall be maintained. The
Contractor shall coordinate the installation with municipalities and/or utilities to insure
protection of their facilities during the removal process.

The Contractor shall submit working drawings and calculations prepared and
sealed by an lllinois Licensed Structural Engineer to the Engineer for the protective
shield system. The drawings shall provide full details, dimensions, and types of
materials proposed for use. The protective shield system shall not be installed until
authorization to proceed is given by the Engineer.

Concrete removal shall not commence until the protective shield system is in
place and in conformity with the sealed working drawings.

Upon completion of the work or when directed by the Engineer, the protective
shield system shall be removed.
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SECTION 500. STRUCTURES
SECTION 501. REMOVAL OF EXISTING STRUCTURES
501.02, 501.03 Complete and Partial Removal of Structures

Caution should be taken when the plans require removal of existing structures or portions of
existing structures. Reinforced concrete structures may require additional shoring if portions of
the superstructure are to be removed.

Structural steel that is to remain must be protected from jackhammer notches and gouges as
well as from concrete saw cuts. This type of damage results in stress concentrations that could
result in fatigue cracking or failure of a member. Should damage occur, contact your
supervisor. No repairs should be undertaken without the recommendations of the Bureau of
Bridges and Structures and with concurrence of the Bureau of Construction.

Extreme caution should be exercised when blasting to prevent damage to underground utilities
or other public and private property. Thoroughly discuss the removal plans with the Contractor
and your supervisor. If materials are to be removed and disposed of away from the site, the
work should be done in accordance with Article 202.03 and District policy.

SECTION 502. EXCAVATION FOR STRUCTURES
502.03 General
Structure and Rock are the classifications of excavation for bridges.

When piles are driven, the displaced material usually causes a swelling in the surface of the
footing excavation. To keep the bottom of the footing at plan elevation, either this displaced
material must be removed after the piles are driven, or the original excavation must be carried
enough below plan grade to allow for the swelling.

The Designer prepares the plans based on information obtained from a limited number of soll
borings made at the site. It is not uncommon for conditions to vary from those shown in the
plans. This may result in encountering rock or other hard supporting material for a spread
footing at a different elevation than shown in the plans. Familiarize yourself with the soil boring
information and the foundation details. If during excavation for the footing or pile driving, the
site conditions do not seem to match those shown in the plans, contact your supervisor. This
must be done promptly to minimize expensive delays which may be caused by a foundation
redesign.

502.06 Cofferdams

As described in the Standard Specifications, cofferdams are "watertight enclosures surrounding
excavations" to be used for "placing concrete or other required construction". The required
construction includes the excavation and construction of structure foundations below the design
or prevailing water elevation. These enclosures normally consist of sheet piling driven around
the perimeter of the excavation with or without one or more "rings" or wales placed at specified
elevations within the sheet pile enclosure. The wales are often needed, together with a
concrete seal coat, to provide structural stability for the cofferdam when it is dewatered. The
cofferdam must be built in accordance with the plans and/or drawings submitted by the
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Contractor and approved by the Engineer before construction is started. Bracing and other
supports can not extend into the substructure concrete without written approval of the Engineer.

Foundation Seal. Dewatering the Cofferdam. The purpose of the concrete seal is to permit
dewatering of a cofferdam and to maintain the cofferdam in a stable state with respect to boiling
and/or buoyancy problems during the dewatering period. Concrete seal coats are designed for
a specific water elevation on the outside of the cofferdam. When the preliminary information
clearly indicates that a seal will be required, it will be taken care of in the design phase and
shown on the plans. There are border line cases, however, where there is doubt as to whether
a seal is necessary. If the available data, studied in the light of previous experience, make it
appear probable that the cofferdam can be dewatered without a seal, none will be shown on the
plans. In such cases, the success of the Contractor in pouring the footing without a seal coat
will depend to a great measure on the penetration of the steel piling and on the Contractor's
pumping capacity.

Ordinarily, the sheet piling must be long enough to go well below footing elevation.. Even with a
satisfactory cofferdam, lack of pumping capacity may prevent successful dewatering. Itis not
practicable to set a fixed limit for minimum requirements because of the variable conditions
encountered, but when the plans do not call for a seal coat, we expect the Contractor to use
such methods and to employ such equipment as will give evidence of an understanding of the
problem s/he faces and of his/her serious effort to do the work according to the plans. In some
places, well points have been very successful and should be tried if other methods fail. Only
after the Contractor has met full requirements under the contract and has been unable to
dewater the cofferdam, will we consider authorizing a seal coat. Seal coat design parameters
may be obtained from the Bureau of Bridges and Structures.

Confined Space. A cofferdam is considered a confined space. Special tests and equipment are
needed to determine if conditions are safe before Department personnel enter a confined area.
Contact your supervisor before entry to determine current requirements.

Construction of Cofferdam Seal. The manner of placing the concrete, the use of tremies, etc.,
are discussed in the Standard Specifications, Article 503.15.

Bottom of Cofferdam design
footing water level ;
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_ Streambed

SealCoat

!
'

a \/ LBoHom of sheeting
-}
Foundation piles

——Lshl —™

500-2



January 2006 STRUCTURES

I. UPLIFT FORCE (Py)
II. WEIGHT OF SEALCOAT (Psc)
lll. SHEETPILING RESISTANCE

(a) Weight of Sheet Piling  (Psn)

(b) Miscellaneous Weight  (P.,) (a)+(b)+(c)
(© Sheeting/Soil Anchorage (Pghsoil) smallest

(d) Sheeting/Seal coat Anchorage (Pshsea)

IV. PILING RESISTANCE

€) Weight of Piles (Py) (a)+[(b) or (c)]

(b) Weight of Soil Mass (Psoi) smallest smallest

(c) Pile/Soil Anchorage (Pyiesoil)

(d) Pile/Seal coat Anchorage (Ppieseal)

FACTOR OF SAFETY, SF. This factor of safety is defined as:

SF =RESISTING FORCES(I1 + 111 +1V)
BUOYANT FORCE(l)

The minimum value for the factor of safety shall be 1.2
The minimum thickness of the seal coat shall be 3 ft (0.9 m).
502.08 Pumping

Sufficient pumping shall be utilized to maintain a dry footing. Water must not be permitted to
flow over or in contact with the fresh concrete to prevent cement loss. The sump from which
water is pumped shall be outside of the footing form. The location of the sump and the
procedure in pouring the concrete shall be arranged so that any water entering either within or
outside of the form will flow to the sump without washing cement out of the concrete until set.

502.09 Inspection

Regardless of whether piles are used or not, concrete shall never be placed directly on mud.
The Contractor is required to notify the Engineer when an excavation is completed and ready for
placing the footing. You should check the elevation of the bottom of the excavation and its
condition. If it is soft and muddy it must be covered with a 75 mm (3 inch) layer of gravel,
crushed stone or other suitable material at the Contractor's expense. The Contractor's method
of handling water should also be considered, so that water will not be permitted to flow over or
through the concrete as it is being placed.
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502.10 Backfilling

Backfilling as discussed in this article includes not only the backfill up to the original ground line
but also the embankment material that is placed on one or both sides of the structure and
immediately adjacent to it above the original ground line. It includes that part of the approach fill
which lies next to the structure.

Care Necessary. Too much emphasis cannot be made on the importance of properly
constructed backfills. This work calls for careful inspection and requires the constant presence
of the inspector during the entire operation. Particular attention must be paid to tamping the
areas next to the structure and areas which cannot be reached with the motorized equipment.
Backfill material shall be dry before placing it in back of closed abutments or walls.

When specified, weep holes shall be placed so that the outlet on the front face is above the
completed fill. The Standard Specifications are clear in regard to this requirement and the
Contractor shall use such methods as will result in the required amount of this material properly
placed. Be careful that dirt is not intermixed with the coarser material, interrupting the flow of
water before it reaches the weep holes. When the 600 mm (2 ft) cube of gravel is used, 360 kg
800 Ibs), the bottom of the cube should be placed 50 mm (2 in) below the weep hole. This will
make allowance for the dirt that may become mixed with the bottom gravel in cube, and will
avoid making a reservoir for the water immediately below the weep hole. When the backfill
material is an impervious clay, gravel or crushed stone cubes may not be sufficient. In this
case, consult your supervisor for a possible alternative. It is not intended that weep holes should
be placed in the wings of small culverts, because the area is so small that no appreciable
hydrostatic pressure can be built up behind them. Weep holes must be cleared of all
obstructions as the fill is placed, and that they remain clear after the fill is completed.

Failure of the weep holes to work properly may result in thoroughly saturating the earth back of
the abutment, thus producing stresses beyond those for which the structure is designed.

502.14 Method of Measurement

Before excavation is started for classified excavation pay items is, you must take cross sections
or other appropriate measurements of the existing ground elevation so that you will be able to
calculate the quantity of each class of excavation actually performed. The Standard
Specifications provide the maximum dimensions allowed for calculation of the maximum pay
item quantity. Any excavation made outside of the limiting dimensions is not paid for.

SECTION 503. CONCRETE STRUCTURES
503.05 Falsework

Dead Load Deflection. The appearance of the completed structure depends to a large extent
on the lines obtained, especially along the outer edges of the superstructure and the top of the
handrail. The attainment of good lines depends largely on the care and accuracy with which the
falsework and forms are constructed.

The plans will show the profile grade line throughout the length of the structure and the
theoretical dead load deflection. The dead load deflection shown on the plans is computed so
as to include not only the immediate deflection which will take place when the falsework is
removed but an allowance for long term deflection due to future wearing surfaces placed on the
deck.
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With the exception of the handrail, the elevation to which the forms should be built is the plan
elevation adjusted for dead load deflection shown on the plans plus an allowance for
compression and settlement of falsework.

Falsework Compression and Settlement.

This settlement may be due to compression of timbers that are too light or may be the result of
settlement of the bents supporting the form work. Or it may be caused by oblique cuts on the
tops of piles supporting caps, or by the use of small softwood shims which crush or compress
under the superimposed load. The estimated compression within the falsework will vary
considerably with the use of different materials, spacing, number and type of joints and other
factors, and will be a matter of judgment based on previous data and experience.

The dead load deflection shown on the plans should be added to the amount estimated for
falsework compression, and the result used for setting the falsework.

Superimposed Loads. The question of placing equipment or materials on a bridge before the
falsework is removed has been frequently raised. The Standard Specifications prohibit the
placement of superimposed loads , either dead or alive, prior to removal of the falsework. The
reason is the possibility of damaging the concrete, or of destroying the bond between the
concrete and the steel, even though the falsework is in place.

Backfill and Embankment. If the superstructure is to be built before the backfilling and placing
of the embankment, ensure that the expansion devices are free to move when the backfilling
and embankment are started. Although the falsework may still be in place, ensure that any
restraints against abutments, bents and piers are cut off so that the superstructures can move
freely.

Sidewalks and Handrails. Handrails or sidewalks separated from the floor slab by a
construction joint, should not be poured until after the falsework has been removed. Otherwise,
the deflection of the span may set up detrimental stresses or distort the vertical alignment.

503.06 Forms

Tightness. The individual dressed lumber or sections of plywood composing the forms should
be drawn up against each other and be mortar-tight. Special care should be taken with all floor
forms as the mortar in the concrete next to the cracks may leak through. Even though wood
forms have been built mortar-tight, if they are allowed to stand in the sun for several days before
the concrete is poured, the wood forms may shrink and cracks up to 6 mm (% in) may develop.
When mortar is lost in this way, the face of the concrete immediately back of the crack will be
more porous. Even though the forms have shrunk, causing cracks between the panels, they
may be restored to mortar-tight condition by being kept wet for several hours before pouring.

Footings. Where the excavation for footings is in rock, footing forms are not used, but the
concrete is placed directly against the rock which is excavated to the footing line. If the
excavation is not rock but is in material which is firm enough to be excavated to the neat line
(plan dimension) of the footing, and will stay in place, and if pumping is not required, the
Resident may permit the Contractor to omit the forms. In this decision, the Resident should be
guided by his/her judgment as to the result that will be obtained. If the sides of the excavation
can be cut so as to form the edges of the footing, and will not crumble or break off until the
concrete is poured, they will furnish good lateral support for the footing. It should be understood
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that payment will be limited to the neat line quantities with no extra compensations being
allowed for any additional concrete used unless authorized in writing by the Resident.

Alignment and Bracing. Where practicable the alignment of all forms should be checked with a
transit. A waler should always be placed at the top of abutments, piers and wing walls, and the
forms shall be well braced. Forms shall not be braced in a way that will interfere with required
deflections or expansion and contraction resulting from changes in temperature. All forms
should be rechecked during placement and realigned or otherwise adjusted if necessary.

Molding. Molding should be used at all sharp corners (90° or less). The molding should have a
uniform size and a smooth face. Molding which has not been planed to uniform dimensions will
produce unsightly lines on the finished concrete.

503.07 Placing and Compacting

The rate of placement of the concrete will determine the number of vibrators required. No hard
and fast rule can be given for the amount of vibrating necessary, as it will vary with different
mixes, with the amount of reinforcement present, and the complexity or simplicity of the form
work. After a little experience, the Resident can judge as to whether the concrete has settled
into place and the reinforcement properly bonded. Failure to vibrate the whole area uniformly
may result in porous areas. This will require considerable attention by the Inspector to obtain
satisfactory results. The frequency of the vibrator may be measured with a tachometer.

The Specifications require a minimum rate of delivery of concrete to the forms. This is
especially important when ready-mixed concrete is used. You should ensure that the
Contractor has made satisfactory arrangements for the continuous delivery before a concrete
pour is started.

Depositing Concrete Under Water. The placing of concrete under water is usually done in the
construction of seal coats for bridge foundations. When the interior framing of the cofferdam
divides the area into bays, it is necessary to hoist the tremie out of the water when changing
from one bay to another. Concrete should be placed as far as possible in one bay before
moving the tremie to adjacent bays, to prevent forming mud or sand pockets. The outlet end of
the tremie must be equipped with a gate which must be tightly closed when being moved. The it
must be moved about within the bay as needed to obtain minimum thickness of seal at all
points.

Two major concerns to remember in constructing seal coats under water are:
A. Prevent washing the cement out of the concrete by mixing it with the water; and
B. Avoid enclosing pockets of mud pushed up from the bottom into the mass of concrete.

To prevent washing out of the concrete, the bottom end of the tremie should always be in the
concrete when concrete is being discharged, and care should be taken to avoid spilling
concrete into the water when filling the tremie.

Placing should be started at one end of the cofferdam and should proceed continuously for full
depth so that any loose mud on the bottom will be pushed ahead of the mass of concrete and
up over the concrete at the end of the pour.
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The level of the concrete surface should be checked frequently by soundings, and the water
level should be compared with a fixed mark set in advance, since the water level often rises
due to displacement by the concrete. Be sure that the seal has at least the required
thickness at all points, checking in particular at the corners of the cofferdam and around the
piles. Use the delivery tickets to check the weight of the total volume placed. Ten percent
excess cement should be added to the mix design to allow for loss under water. The slump
should be large enough to permit the concrete to flow evenly

503.09 Construction Joints

See Construction Memorandum No. 64 for Sequential Deck Pours. Construction joints at
locations other than those provided for on the plans should be avoided in the superstructure of
any bridge. However, because of occasional breakdown of equipment, or sudden storms,
emergency construction joints are sometimes necessary. When it is necessary to provide
construction joints because of a large amount of concrete, the Bureau of Bridges and Structures
will show construction joints on the plans.

Preferred Location of Emergency Joints.
A. Simple Spans.

1. Vertical Construction Joints in Slab Bridges. A longitudinal joint may be placed on
the centerline of the roadway. A transverse joint may be placed parallel to the
supports as near the third point of the span as practicable but preferably not within
the middle third of the span.

2. Vertical Construction Joints in Reinforced Concrete Girder, Plate Girder, or I-Beam
Spans. Longitudinal joints in the slab should be made parallel to the centerline of the
roadway as near the third point of the slab span between beams, as practicable, but
preferably not within the middle third of the span. Transverse joints through
reinforced concrete girders should be made as for simple slab spans. Transverse
joints through concrete slabs carried on steel girders or beams may be made on any
line parallel to the main reinforcement.

B. Continuous Spans (Concrete Slab, Girder, and I-Beam Spans).

1. Longitudinal joints should be made parallel to the centerline of the roadway. For
slabs carried on girders or beams, the longitudinal joint may be placed as given
above in paragraph for Simple Spans.

2. For continuous slab or reinforced concrete girder spans, transverse joints should be
placed parallel to the supports and preferably at the points of dead load contra
flexure, but they may be placed between these points and the third points of that
portion of the span between points of dead load contra flexure.

3. For continuous steel girder or beam spans, transverse joints in the slab should be
placed parallel to the transverse bars and preferably at the points of dead load
contra flexure. These points are usually near the quarter points of the spans and at
the splices. If necessary they can be located in span segments between the points
of contra flexure that are not over interior piers. The District Office should be
contacted by telephone for concurrence of the location of emergency joints
whenever feasible.
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4. For end spans, one point of contra flexure shall be considered to be at the free end.

C. Rigid Frame Structures. Vertical construction joints should be placed in accordance with
instruction given above for continuous slab concrete girder bridges.

Other Locations Permissible. It should be understood that the above discussion refers only
to the preferred location of emergency construction joints. Construction joints are
permissible at other locations on the superstructure if it is necessary to make them in cases
of real emergency. However, they should be avoided. As an example, the preferred
location of an emergency construction joint in the superstructure of a simple slab bridge
should be at some location outside of the middle third of the span. However, if the concrete
had been placed to approximately the center of the span and the mixer should break down,
it would be permissible to place a joint at or near the center of the span and at right angles
to the main reinforcement and it would not be necessary to remove any of the concrete
already placed in order to make the joint outside of the middle third. Sound judgment must
be used when making an emergency construction joint. If the Contractor desires to make a
construction joint which is not of an emergency nature, you should consult your Supervising
Engineer before granting permission to make such a joint.

Bonded Construction Joints. The Standard Specifications provide for two kinds of
construction joints: bonded and unbonded. Unbonded joints are used where bonded joints
are not needed. Bonded joints are typically used where shear transfer or water tightness
are needed. Construction joints will be shown on the plans.

In making a bonded construction joint, the objective is to get as good a bond as possible
between the concrete being placed and that already in place. A good bond will provide for
transmission of some stress across the joint and will prevent any infiltration of water into the
joint.

503.16 Surface Finish

The rubbed finish required under Article 503.16(b) will only be required when specified by the
plans or Special Provisions.

All other exposed concrete will be given a normal finish. The amount of work which the
Contractor will need to do to obtain a satisfactory job will be determined by the condition of the
forms which s/he uses and the manner in which the concrete is placed. The Contractor should
be aware of the fact that good forms along with extra care taken in construction and tying the
forms can result in reduced costs in obtaining a satisfactory normal finish. The placing of
concrete in the forms should be accomplished in a manner that will permit mortar to work
against the forms to produce a smooth finish free of honeycomb and with a minimum of water
and air pockets. Discoloration of the concrete between successive panels may require
additional work to obtain a uniform color.

SECTION 504. PRECAST CONCRETE STRUCTURES
504.06 Precast, Prestressed Concrete Members
When a PPC beam is delivered to the job site, the beam must have an IL-OK stamp. If not, the

beam is to be immediately rejected. The Resident Engineer should also notify the district
Materials office.
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Even if the beam does have an IL-OK stamp, there still may be subsequent damage due to
plant handling, delivery, or job site handling. Also, depending on the age of the PPC beam,
there could be some cracks due to drying shrinkage.

Construction inspectors should inspect the beams at least twice on the job site for damage:
once when the beams are first delivered and once again after they are set in place on the
bridge. If any cracks other than the allowable cracks are found, the RE should tell the
contractor that the beams are rejected until further notice, and call the district Materials office
and follow their instructions.

The district Materials office should contact the central Bureau of Materials and Physical
Research and the central Bureau of Bridges and Structures. In general, BMPR will be involved
in the repair method and materials. BBS must approve the structural capacity of any beams
that have damage and/or repairs before they can be allowed in the structure.

Some beams may be delivered to the job site with evidence of repairs done at the plant. If the
Materials plant inspector has not already informed the RE that approved repairs were done at
the plant, the RE should call Materials to make sure the repairs are approved.

Do NOT allow cracked beams to be installed or left in place without approval from Materials.
Even seemingly insignificant cracks can be a problem because they may propagate over the life
of the beam and allow entry of water or salt into the beam and reinforcement. In general, if a
beam is damaged, the Bureau of Bridges and Structures will also get involved if the contractor
wishes to try to repair a cracked beam.

Additional information can be found in The Manual for Inspectors of Precast Prestressed
Concrete Products.

SECTION 505. STEEL STRUCTURES

General. Welding of structural members or accessories to structural steel should not be
permitted unless specifically allowed in the contract. Refer to Construction
Memorandum No. 15, Welding of Construction Accessories to Structural Steel Bridge Members.

Long Span Bridges. The discussion under this article has to do primarily with long span
bridges. The material was prepared by the Bureau of Bridges and Structures and with some
additions is presented here with the thought of stressing some of the important features of
construction practice. Some of these features take on additional importance when the structure
involved is a long span bridge. This is explained by the fact that the design involves features
not found in the relatively simple short span structures. Improper procedure in the field or
neglect of certain construction points may lead to serious consequences.

Substructures are discussed herein under the sections devoted to the various operations
involved: Section 501, Removal of Existing Structures; Section 502, Excavation for Structures;
Section 503, Concrete Structures, and Section 512, Piling. The Resident should keep complete
records of the construction of foundations as they are actually built. These should include
elevations of the bottom of the footing or seal coat, the nature of the material excavated and that
under the foundation, the elevation of the top of the seal coat (if any), the actual alignment,
position and elevation of tops of finished piers, etc. Any settlement of the piers during
construction may be observed by taking periodical level readings on horizontal marks scribed

on the sides of the piers at convenient elevations.
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Falsework Bents. The Contractor must keep the structure to the proper line and elevation at all
stages of construction. S/He should have perfect control of the position of the span at all times.
This can most easily and definitely be done if steel jacks are used at points of bearing on the
falsework. Review Article 503.05 Standard Specifications.

Setting Shoes, Grillages, etc. Particular care should be taken in setting shoes, grillages, pins,
etc., so as to secure perfect fit and alignment. The axes of pins should be in the same
horizontal straight line and perpendicular to centerline of roadway. Error in setting should not
exceed an angle of 1 mm in 1.92 m (*/5, inch in 5 ft). Any greater error materially reduces the
capacity of the bridge. For continuous trusses, after all steel has been set and all spans swung,
adjustment must be made at both ends of each truss for the true reactions before concreting the
bearings, and preferably before grouting the anchor bolts. Do not allow the bearings for one
truss to be concreted before the bearings for the other truss have been adjusted. After bearings
are in place for continuous trusses, accurate check measurements should be made for span
length between bearings. This information should be sent to Springfield by the District Office so
that the Bureau of Bridges and Structures may use it in determining the length of the closing
members of the trusses.

Crookedness of Compression Members. Initial crookedness should not exceed 3 mm (%/g in)
plus Yse00 OF the length of the member, measured center to center of the ends. This concerns
shop inspection primarily, but the Resident should be acquainted with the limits permissible.

Milling of Compression Members. Milled surfaces of compression members are assumed to
transfer load in bearing and so must conform closely to the angles shown on the plans. A
deviation from the line of the finished surface, as shown on the plans, by more than an angle of
1 mm in 1.92 m (*/5, in in 5 ft) will materially reduce the capacity of the member.

Handling of Compression Members. Flanges of wide flanged rolled beams, having a short bend
or crook of not more than '/, the outstanding flange, may be straightened on the job or in the
shop after heating around the bend to a temperature that gives a deep cherry red. After being
heated in this manner, members should be annealed, but as this is not practicable in the field,
they must be made to cool off as slowly as possible.

Top Laterals. High strength bolts for top laterals of compression members should not be
tightened until all steel in the trusses is erected, in order to facilitate bringing the chords to
proper alignment and to avoid overstressing the laterals.

Compression Chord Splices. Tighten bolts for main chord splices only after enough steel has
been placed to ensure that chords may be brought as nearly as possible to their final relative
positions.

Middle Cross Ties at Main Posts. The members connecting the middle of main posts over
middle piers to portals should be cut loose at main posts or be bolted with bolts as least 10 mm
(®/s inch) smaller in diameter than bolt holes, in order to allow posts to take an unrestrained
position. These connections should be tightened after all other steel has been erected.

Closure of Middle Span. See that the Contractor's plan for closing the middle span can be
quickly and safely executed and that closure is made at a time when the temperature of the top
and bottom chords is approximately equal, unless provision is made for the difference in
temperature. As soon as high strength bolts in final connections are tightened, have blocking
under rollers removed.
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Floor Slabs. Care should be exercised in placing floor slabs to see that there is little or no
overrun in slab thickness so as not to increase the dead load on the structure appreciably.

Information and Reports. The Supervising Engineer should keep in close touch with the
Resident on projects of this sort and should be fully informed on all phases of the work as it
progresses. The Resident should avail him/herself of the wider experience of the Supervising
Engineer and should confer with him/her in regard to all the important features of the work. Any
special information desired from Springfield should normally be secured through the Bureau of
Construction.

The District organization should make definite arrangements to keep the Engineer of
Construction constantly informed in regard to the more important details of the work. The
regular weekly report covers progress satisfactorily, but is it not designed to give information in
regard to such items as test piles, seal coats, triangulation, and other important details in the
normal progress of the work. Special report should be made promptly on any feature that does
not proceed in a normal and satisfactory way or of any unusual or unexpected conditions or
results encountered. On structures of this character, it is essential that there should be very
close contact between the District organization, Engineer of Construction and Engineer of
Bridges and Structures. The latter two may readily interchange information received from the
field but they must receive the closest cooperation from the District organization.

505.01 Description

Items of field work common to all bridges, such as staking, location, high water, etc., are
discussed in the Survey Section of this Manual.

505.07 Marking and Shipping

When the structural steel is furnished and fabricated under a contract which does not include
erection, it is important that each the bill of lading for each shipment be inventoried. . A
complete inventory is required in case any member or fitting is mislaid or lost by the erection
Contractor. Assign an inspector check each piece as it is unloaded.

505.08 Erection

Handling and Storing Materials. Mishandling of structural steel can result damage to the paint
or to the steel. When the fabrication and erection are performed under separate contracts, the
responsibility of the fabricator may terminate when the shipment reaches its destination and the
erection contractor assumes responsibility, it is important that the condition of each individual
item be checked upon arrival and while being unloaded. This will determine whether any
abrasion or other damage occurred prior to delivery. It is important that the storage area be
properly drained and safe from high water. Flood waters and mud cause rapid deterioration.
The Resident must carefully check the items covered by this article.

Falsework. The discussion of falsework in Article 503.05 is pertinent here also.. The
responsibility for suitable falsework lies entirely with the Contractor Bearings and Anchorage.
Correction for Temperature.. Correction for temperature should always be considered, when
setting rollers or rockers. In steel spans, changes in length due to temperature variations is
critical.

The amount of expansion or contraction allowed for in a concrete or steel span is to account for
the change in length that occurs due to variations in temperature. The amount of expansion or
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contraction allowed for is independent of any allowance necessary for movement in the
substructure. The total expansion or contraction, due to temperature change, is calculated on
the basis of a coefficient of expansion of .00001206 (.0000067) per degree C (F). for both steel
and concrete. That is, the expansion end of a span moves .0000067 (.00001206) of its length
between bearings for each degree change in temperature. For example, a rise of 4.44 °C

(8 °F) lengthens a 30.48 m (100 ft) span: 4.44 x .00001206 x 30.48 x 1000 = 1.63 mm

(8 x .0000067 x 100 x 12 = .0643 inch (about /1 inch)). Similarly a drop of 4.44 °C (8 °F) will
shorten the same span a like amount.

The span length shown on the plans is the design length at 10 °C (50 °F). In setting anchor
bolts, bearing plates, bed plates, pedestals, etc., which are in fixed positions with respect to the
supporting masonry, it is necessary only to establish the correct span length at 10 °C (50 °F).
This means applying a temperature correction to a steel tape, if one is used. (The steel tape
used shall be a calibrated tape.)

Bearings must be positioned over the bearing lines as shown on the contract plans. This is
accomplished at the time of erecting the span by adjusting the expansion bearings a distance
determined by the difference between 10 °C (50 °F) and the existing air temperature. The most
desirable time for setting or adjusting bearings is early in the morning. The temperature
throughout the entire structure will be more uniform at this time than it will later in the day when
the sun is higher and part of the structure is in shadow. Longer spans have the potential for
greater temperatures differentials throughout the structure.

Example:

Suppose that pin rockers are to be placed at the expansion of a 54.86 m (180 ft) steel span
when the air temperature is 1 °C (33 °F). The shortening of the span is, 10 °C (50 °F) minus
1°C (33 °F) =9 °C (17 °F), 9 x .00001206 x 54.86 x 1000 = 5.92 mm (6 mm) (17 x .0000067 x
180 x 12 = .246 inch (%, inch)).
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Example:

Bearings are to be adjusted under the expansion end of a 18.29 m (60 ft) reinforced concrete
girder span when air temperature is 32 °C (89 °F). The temperature correction is, 32 °C (89 °F)
minus 10 °C (50 °F) = 22 °C (39 °F), 22 x .00001206 x 18.29 x 1000 = 4.85 mm (5 mm) (39 x
.0000067 x 60 x 12 = .188 inch (3/16 inch)).

Anchor Bolt Holes. In general, the Contractor for the substructure makes no provision for
anchor bolts, simply bringing the bearing areas of the abutments, piers or bents, to proper
elevation, and leaving it to the superstructure Contractor to drill holes for anchor bolts at the
proper locations. This is desirable because of variations from theoretical span lengths due to
deflection in the abutments from backfill and other causes.

In locating the abutments, the assumed deflection is added to the span length on the plan as
explained in the Survey Section of this Manual.

Field Bolting. Bolts in continuous beams and girders shall not be tightened until the entire
continuous length is in place on the substructure. Otherwise, excessive negative or positive
fillets will result. Bolts shall be tightened in accordance with ASTM Specifications for Structural
Joints. See Field Installation and Inspection of High Strength Bolts and Fasteners for Slip
Critical Connections in this section for details.

Camber. Make certain all parts of the structure are properly aligned and that the structure is
blocked up for the correct camber before tightening of bolts is started. It is possible for a
structure to be distorted even though holes are well filled with bolts.

Article 505.08(h) states that splices in continuous beams or girders to be bolted shall not be
torqued until the entire continuous length is in place on the substructure.

Standard practice in the fabrication of structural steel is to provide 2 mm (*/45 in) oversize holes
for bolts and 5 mm (*/, in) maximum spacing between adjoining webs. This allows possible
rotation about the centerline of the beam or girder at the splice. The resulting small movement
of the splice will cause a larger displacement at the opposite end of the member. The
magnitudes of the displacement are illustrated in Figure 1.

If the bolts are torqued after the continuous length is in place, the desired result of design
positive fillets is obtained. (Figure 2)

By torquing the bolts before the entire continuous length is in place, the undesired result of
excessive positive and negative fillets will occur. (Figure 3)
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Field Installation and Inspection of High
Strength Fasteners for Slip
Critical Connections

Article 505.04(f)(2) requires that the installation, tightening and inspection of all high strength
bolted connections shall conform to the latest issue of the Specifications for Structural Joints
using ASTM A325M or A490M (A325 or A490) bolts for slip-critical connections as issued by the
Research Council on Structural Connection Joints of the Engineering Foundation. This
specification is quite lengthy and many parts are not pertinent to our needs. Therefore, it is the
intent of this section to summarize, for the field inspector, the requirements for both the
installation and inspection of high strength fasteners. All bridge connections are slip critical
connections.

HANDLING AND STORAGE OF FASTENERS

Fasteners shall be protected from dirt and moisture at the jobsite. Only as many fasteners as
are anticipated to be installed and tightened during a work shift shall be taken from protected
storage. Fasteners not used shall be returned to protected storage at the end of the shift.
Fasteners shall not be cleaned of lubricant that is present in as-delivered condition. Fasteners
for slip critical connections which must be cleaned of accumulated rust or dirt resulting from
jobsite conditions, shall be cleaned, relubricated and have a rotational capacity test performed
prior to installation.

LUBRICATION

During the tightening of galvanized high strength bolts A325M/ (A325/) increased friction occurs
due to the galling of the galvanizing on the threads or face of the turned element (nut or bolt
head) and the washer. This galling can cause seizing or binding of the bolt. This increased
friction can result in bolt tension being out of specification. Dry or rusty black bolts and nuts will
also result in bolt tension not meeting specifications.

It is essential that bolts and nuts be properly lubricated at the time of installation. It is not
difficult to determine if bolts and nuts are properly lubricated. Black bolts must be oily to the
touch. For galvanized fasteners, the nuts must be lubricated with lubricant that is clean and dry
to the touch and must contain a visible dye for easy identification. Lubrication of bolt, washer
and nut combinations shall be checked prior to job start up using the rotational capacity test.
During installation, if improper lubrication is suspected and/or lubricant is added, the assembly
shall be retested for rotational capacity.

The following lubricants have been used successfully in the field although other lubricants may
be available that will work:

A milky looking liquid lubricant called Safety Film 616 manufactured by Chem-Trend, Inc.,
Howell, Michigan 48843 or Jon Cote 639 is very easy to use and requires little time to apply.
Mix two parts water to one part lubricant in a plastic spray bottle and spray on threads and
washer face just before nuts are installed. The lubricant is water soluble and cleans up easy.

A stick wax called Chem-Trend 140 (formerly Johnson's 140 stick wax) and also manufactured
by Chem-Trend, Inc., will also work well but requires some clean up afterwards.

Lubricant not only aids in obtaining proper bolt tension but also increases the bolting production
rate for the contractor which more than pays for the application of the lubricant.
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STRIPPING

Stripping is thread failure of either the nut or bolt threads. Galvanized nuts are overtapped to
allow for the thickness of galvanizing. Galvanized bolts thus strip more readily than black bolts.
The amount of overtapping that can be allowed is dependent upon the strength of the nut and
bolt. Stripping of the threads occurs when the strength of thread area engaged in the nut is not
sufficient to develop the force generated in the bolt.

Often nuts and bolts are made by different manufacturers and shipped to the
fabricator/distributor. The only way to know that one lot of nuts will properly assemble and fit
with another lot of bolts is to test the bolt-nut combination for stripping. This is done with a
rotational capacity test.

ROTATIONAL CAPACITY TEST

Article 505.04(f)(3) requires that rotational capacity tests will performed according to AASHTO
M164M. As previously mentioned, bolts, nuts and washers are often made by different
manufacturers at different locations and are not fitted as an assembly until they arrive at the
fabricator/distributor. Due to bolts, nuts and washers never being preassembled and tested as
a unit, inadequate combinations of variables such as; ductility, out of tolerance overtapping of
nuts, zinc thickness (galvanized bolts), thread depth, lubrication, etc. can cause inadequate
tension in the bolted connection as well as bolt failure.

The rotational capacity test checks all components as a complete assembly to assure:

1. Ductility
2. Adequate thread shear area to prevent stripping
3. Adequate lubrication

The FHWA now requires rotational capacity tests to be performed at the source where the nuts,
bolts and washers are combined to form an assembly. This source
(fabricator/distributor/manufacturer) is where the rotational capacity lot numbers are assigned.
Rotational capacity tests must also be performed at the jobsite.

Jobsite rotational capacity tests shall be performed on all black or galvanized bolt, nut and
washer assembles of the same rotational capacity lot number as received from the
manufacturer and/or distributor. The frequency of testing shall be two assemblies per each
rotational-capacity lot. Jobsite rotational tests shall be performed in accordance with the
following procedure and the results documented on Form BC 2320.

500-19



January 2006 STRUCTURES

FIELD VERIFICATION TESTING

Prior to any fastener installation on the structure, it is essential that each member of the
tightening crew and the Engineer be familiar with the tightening procedure to be used on the
structure. To accomplish this, the specification requires 3 assemblies of each diameter and
length to be tested in the tension calibrating device.

This verification testing demonstrates that the Contractor’s chosen tightening procedure will
provide the minimum required tension in the fastener assembly and that each crew member
understands and can properly apply the correct snug tightening and final tightening procedure.

Snug tight: The specifications define snug tights as the condition when all piles of the joint are
in firm contact. This normally happens at a tension of approximately 10 kips. Only with all the
piles in firm contact will the final tightening procedure produce the desired tension in the
fastener. Crew members should demonstrate that their snug tightening procedure produces
approximately 10 kips of tension, but does not produce more than 50% of the required final
tension. Snug tight tensions above 50% of the final tension could result in fasteners failing
when final tightening is applied.

Final tightening: Correct final tightening can only be applied to assemblies that have been
properly snug tightened. Final tightening, whether measured by the rotation of the nut, the
shearing off of a part of the fastener or the collapse of nodes on a washer, is only correct if it
results in at least the required minimum tension in the fastener. In most instances, the amount
of rotation of the nut from snug tight (given elsewhere in this section), the shearing off a part of
the fastener or the collapse of nodes to a certain thickness will produce tensions in the
assemblies above the minimum specified. However, the only way to ensure this on your project
is through verification testing. If the Contractor’s procedure or the assembly does not produce
the minimum tension, then the procedure must be revised until it results in the specified tension
or the assemblies must be rejected. While the specifications do not directly address the
maximum tension in fasteners, the minimum required tension is approximately 70% of the
tension strength of the fastener. Therefore, it is important to realize that tension values
considerably above the minimum tension should be avoided.

After the Contractor’s tightening procedure has been shown to produce the specified tension in
the fasteners, it is the inspector’s duty to observe the tightening procedure used on the structure
to verify it is the same procedure demonstrated. If the Engineer is satisfied the procedure used
on the structure is the same as shown in the verification testing, s/he can be assured the
required tension is present in the installed fasteners and the visual and minimum inspection
requirements for each type of assembly discussed elsewhere in this section is all the further
inspection needed.

PROCEDURE FOR PERFORMING ROTATIONAL CAPACITY TEST

EQUIPMENT REQUIRED:

1. Calibrated bolt tension measuring device of size required for bolts to be tested. Mark off a
vertical line and lines /5 of a turn, 120 degrees; and %/; of a turn, 240 degrees, from vertical
in a clockwise direction on the face plate of the calibrator.

2. Calibrated dial type torque wrench.

3. Spacers and/or washers with hole size no larger than Y6 inch greater than bolt to be tested.
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4. Steel section to mount bolt calibrator. Flange of girder or cross frame accessible from the
ground is satisfactory.

PROCEDURE:

1. Install nut on bolt and measure stick out of bolt when 3 to 5 full threads of the bolt are
located between the bearing face of the nut and the bolt head. Measure the bolt length, the
distance from the end of the threaded shank to the underside of the bolt head.

2. Install the bolt into the tension calibrator and install the required number of shim plates
and/or washer (one washer under the nut must always be used) to produce the thread stick
out measured in Step 1.

3. Tighten bolt using a hand wrench to the snug tensions listed below (Tolerance - O kips, + 2
kips).

Bolt Dia. (in.) o | Gl | s | I 1 1Y | 1t | 1% | 1Y,

Snug Tension (kips) 1 2 3 4 5 6 7 9 10

4. Match mark the nut to the vertical stripe on the face plate of the bolt calibrator.

5. Using the calibrated manual torque wrench, tighten the bolt to at least the tension listed
below and record the torque required to reach the tension and the value of the bolt tension.
Torque must be measured with the nut in motion.

Bolt Dia. (|n) 1/2 5/8 3/4 7/8 1 1'1/8 1'1/4 1'3/8 1-1/2

Tension (kips) 12 19 28 39 51 56 71 85 103

6. Further tighten the bolt to the rotation listed below. The rotation is measured from the initial
marking in Step 4. Record the bolt tension. Assemblies which fail prior to this rotation either
by stripping or fracture fail the test.

Bolt Length Greater than 4 but no Greater than 8 x

more than 8 x bolt dia. bolt diameter

(measured in Step 1) | 4 x bolt dia. or less

Required Rotation 2/, 1 1-Y,
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7. The bolt tension measured in Step 6 after the required rotation must equal or exceed the
values in the table shown below. Assemblies which do not meet this tension have failed the
test.

Bolt Dia. (in.) ol s | G | s 1 1Y | 1M, | 1% 1-Y/,

Tension (kips) 14 22 | 32 | 45 59 64 82 98 118

8. Loosen and remove nut, and examine the threads on the nut and bolt. No signs of thread
shear failure, stripping, or torsional failure of the bolt should be evident. Assemblies which
have evidence of stripping have failed the test.

9. Calculate and record the value of 0.25 x the tension (pounds=kips x 1000) measured in Step
5 x the bolt diameter in feet. The torque measured and recorded in Step 5 must be equal to
or less than this calculated value. Assemblies with torque values exceeding this calculated
value failed the test. This calculated torque value should not be exceeded at any point in
Step 5 or the assembly has failed the test. The table shown below can be used for 3/4 inch
and 7/8 inch bolts.

ROTATIONAL CAPACITY TEST/MAXIMUM TORQUE
3/4 INCH BOLT 7/8 INCH BOLT
TENSION (KIPS) ~ TORQUE (FT-LBS) | TENSION (KIPS)  TORQUE (FT-LBS)

28 437 39 711
29 453 40 729
30 469 41 747
31 484 42 766
32 500 43 784
33 516 44 802
34 531 45 820
35 547 46 839
36 562 47 857
37 578 48 875
38 594 49 893
39 609 50 911
40 625 51 930

52 948

53 966

54 984

55 1003

56 1021
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Rotational Capacity Maximum Torque (step 7 on front side)

3/4 Inch 7/8 Inch
Tension Torque Tension Torque
kips ft-Ibs kips ft-Ibs
28 437 39 711
29 453 40 729
30 469 41 747
31 484 42 766
32 500 43 784
33 516 44 802
34 531 45 820
35 547 46 839
36 562 47 857
37 578 48 875
38 594 49 893
39 609 50 911
40 625 51 930
41 641 52 948
42 656 53 966
43 672 54 984
44 688 55 1003
45 703 56 1021
46 719 57 1039
a7 734 58 1057
48 750 59 1076
49 766 60 1094
50 781 61 1112

62 1130
63 1148
64 1167
65 1185
Minimum Measured Tension (step 9 on front side)
A325 bolt A490 bolt
3/4 inch 32 40
7/8 inch 45 56
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TENSION CALIBRATING DEVICES

At the present time, there is no known economical means for determining the tension in an
installed bolt. However, the tension calibrator is a hydraulic load cell which measures bolt
tension created by tightening a bolt in the device.

As the bolt or nut is turned, the internal bolt tension or clamping force is transmitted through
hydraulic fluid to a pressure gauge which indicates bolt tension directly in pounds, provided the
device is properly calibrated.

Such a device is an economical and valuable tool that shall be readily available whenever high-
strength bolts are to be installed. Although each element of a fastener assembly may conform
to the minimum requirements of their separate material specifications, their compatibility in an
assembly or the need for lubrication can only be assured by testing of the assembly. Hence,
such devices are important for confirming the complete fastened assembly as it will be used
with the method of tightening to assure the suitability of bolts and nuts, including lubrication, and
the adequacy of impact wrenches and/or air pressure, to provide the specified bolt tension.

Testing before start of installation of fasteners in the work will identify potential sources of
problems including, but not necessarily limited to, the need for lubrication to prevent failure of
bolts by combined high torque with tension, under strength assemblies due to improper 