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	5.1 DEAD LOADS
	5.1.1 Modeled Components

	Incorporating the dead load of modeled components can be relatively easy in a refined analysis.  Since the length/width of an element and the cross-sectional area/thickness are available to the program, it can automatically calculate the dead load of ...
	5.1.2 Non-Modeled Components

	Non-modeled components are elements that are present on the bridge, but which the designer does not wish to contribute to the stiffness of the structural model.  Non-modeled components may include but are not limited to connection plates, integral wea...
	The dead load of non-modeled components can be included in a number of ways, depending on the accuracy of the analysis required.  The easiest way is to include it via the modeled components, by increasing the effective material density.  Usually this ...
	A second more accurate way to add the dead weight of non-modeled components is through the use of concentrated or distributed loadings on the model.  This requires the calculation of the dead loads of all the non-modeled components, but has the advant...
	While evenly distributing barrier loads to all girders can be appropriate for a 1D analysis, barrier weights can be modeled as distributed line loads applied at their actual locations in 2D and 3D analyses.  For 2D and 3D models applying the load to t...
	An alternate way to add the dead load of elements whose stiffness the analyst wishes to neglect is to explicitly model them but assign a negligible stiffness to them.  This is a good technique to use with elements whose stiffness is desired in certain...
	It may be tempting to the analyst to neglect the weight of non-modeled components as insignificant.  For final design in particular, it is strongly advised that calculations be performed confirming that dead loads are indeed insignificant prior to neg...
	5.2 LIVE LOADS
	5.2.1  AASHTO LRFD Requirements

	Section 3.6 of AASHTO LRFD contains most of the provisions pertaining to application of live loads in bridge design.  The live loads are generally the same no matter what method of analysis is used.  A search through the Sixth Edition of AASHTO LRFD i...
	A similar search of the Second Edition of AASHTO MBE yielded the provisions listed in Appendix 5B.  The MBE provides for the use of site specific loadings as well as permit checks and AASHTO Legal Loads.  Reduced load factors are specified for fatigue...
	5.2.2  Additional Requirements

	No specification can cover every situation a designer may encounter.  There are places where unique situations occur and designers have to be alert as it may require additional, site-specific, evaluation of live load.  AASHTO LRFD provides some exampl...
	5.2.3  Modeling Vehicle Live Loads

	For various provisions in AASHTO LRFD the live load is modeled as a uniform line load, concentrated loads, a distributed pressure load, and individual patch loads.  The basic HL-93 loading involves the design truck, the uniform load, and the design ta...
	There are applications where point loadings are insufficient.  This would be the case for example with orthotropic decks, grid decks, certain timber decks, and buried culverts and pipes.  In these cases, the single axle may be represented as twin axle...
	Dynamic effects of live loading are accounted for through the application of the Dynamic Load Allowance of LRFD Article 3.6.2.  For most elements and limit states this factor is 33%, applied to vehicle loads only, not sidewalk or distributed lane load...
	/
	HL-93 Truck:
	Alternate Military Loading:     HL-93 Design Tandem:
	HL-93 Design Lane:
	HL-93 Truck Train:
	Figure 5-1 - AASHTO Standard Vehicle Loadings
	Figure 5-2 - HS20 Truck with tandem axles and wheel patch loads.
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	Sidewalks or shared use paths, the designation for sidewalks that also accommodate bicycle traffic, are often present along with vehicular travel lanes on bridges.  AASHTO LRFD treats these as an additional travel lane with respect to multiple presenc...
	5.2.4  From Wheels to Loads

	Once the live loadings have been defined, they must be applied appropriately to the model.  This can be harder than it appears.  Given that generally the model does not have a node at every point where one wishes to locate a wheel, the mesh size and t...
	For instance, say a simple span beam is modeled using three equal length elements.  The applied loading is a concentrated load P at midspan, for which we know the resulting maximum moment, PL/4.  The given model applies a load of P/2 at each of the th...
	Typically, 1D models do not account for lateral or torsional force effects.  The exception is the spine beam model, where the entire bridge cross-section is modeled with a single line element.  To model the effects correctly, the eccentricity causing ...
	Another confounding provision is the multiple presence factor.  AASHTO LRFD Article 3.5.1.1.2 assigns factors based on the number of loaded lanes, such that each lane load is reduced as more lanes are loaded.  This factor accounts for the fact that th...
	5.2.5  Live Load Optimization

	In order to perform component design, the maximum and minimum live load force effects in the component must be determined.  This requires the live loading to be placed on the bridge model in the positions which result in the extreme force effects.  Fo...
	Obtaining influence lines for a single girder with the appropriate boundary conditions and span lengths is sufficient for 1D models and can be useful in determining the approximate longitudinal position of live load on 2D and 3D bridge models.  Most s...
	One way to generate influence lines/surfaces is to use the Müller-Breslau principle which states that the influence lines of an action (force or moment) is a scaled form of the deflection that the structure displays after removing the restraint on the...
	A second way to generate influence lines/surfaces is to use a general “brute force” method, which entails solving the structural analysis of the model independently for a unit load at every single node on the influence surface.  The effect of all the ...
	Influence lines/surfaces can be generated by applying the principles above, and then loads applied to generate the extreme force effects.  This consists of applying the Specification loads in the prescribed manner.  For example, Figure 5-3 shows an in...
	/
	Figure 5-3 – Influence Surface for Vertical Bending Moment at the Circled Location, Node 24 (Grubb, 2011).
	/
	Figure 5-4 – Wheel-Load Model of the Fatigue Live Load Positioned on Influence Surface to Maximize the Positive Vertical Bending Moment at Node 24 (Grubb, 2011).
	Sometimes additional design live loads, such as permit or legal loads, are specified by the Owner.  The configuration, loading, and manner in which permit loads are applied differs from Owner to Owner.  Sometimes Owners may require that the design loa...
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	Figure 5-5 – Various permit lane and truck loading configurations (Grubb, 2011).
	A trial and refinement approach would probably need to be utilized when applying loads based on influence surfaces, with the number of refinements required largely dependent on the required accuracy of the results, and the engineer’s ability to estima...
	Even with a good understanding of the structural behavior of the system, difficulties can arise with multi-lane bridges due to the large number of variables, such as lane placement, truck placement within the lane, presence of a shared use path, multi...
	In some cases, it may be simpler to dispense with the influence lines/surfaces completely, and use a “brute force” method of many load cases independently stepping the truck load and stepping a small patch of lane load “nose to tail” longitudinally al...
	Some FEA packages, especially those tailored for bridge design, have the ability to generate influence lines/surfaces and to determine the placement of live loads to maximize/minimize the desired force effects automatically.  This greatly simplifies t...
	5.2.6  Wind Loads

	Section 3.8 of AASHTO LRFD prescribes the means to calculate design wind load pressures for bridge design.  The specification also details how windward and leeward wind as well as skew effect should be applied.
	To apply wind to surface or volume elements, the wind pressure can simply be applied to the appropriate surface.  To apply wind loading to line elements, the depth of the projected wind areas of the members can be multiplied by the wind pressure to ob...
	Most of the time, even for 3D models, the full cross-sectional wind area is not explicitly modeled, i.e. parapets are not modeled with shell elements, and shell element deck height is not explicitly modeled.  Any combination of concentrated, distribut...
	To account for wind loading on vehicles, AASHTO LRFD prescribes an interruptible 0.10 klf force acting 6.0 ft. above the roadway.  Usually there are not any nodes or elements located 6.0 ft. above the deck in a model, so the load is transformed into a...
	The wind force on vehicles is interruptible because vehicles need not be present in all locations on the bridge, so the load should be conservatively applied only when it contributes to the extreme force effect in the component under consideration.  G...
	Article 3.8.2 of AASHTO LRFD details the magnitude of an upward acting longitudinal distributed load equal to 0.020 ksf times the width of the bridge applied at the windward quarter point of the deck.  This load is easily applied as a distributed load...
	The AASHTO LRFD prescribes wind tunnel tests to address aeroelastic instability and dynamic response to wind loadings when bridge span to width or depth ratio exceeds 30.
	5.2.7  Centrifugal and Braking Forces

	The lateral forces due to centrifugal and braking should be considered as well.  The magnitudes of the centrifugal and braking forces are prescribed by AASHTO LRFD Articles 3.6.3 and 3.6.4, respectively.  Like wind, the centrifugal and braking forces ...
	Modeling the boundary conditions or the bearing elements connecting the superstructure to the substructure correctly is important when analyzing for centrifugal and braking load effects.  A load path needs to be provided to carry these in-plane forces...
	5.2.8  Thermal Loads

	The extremes of design uniform temperatures that are to be used for determining stresses and/or movements are prescribed by Article 3.12.2 of AASHTO LRFD.  A uniform temperature increase or decrease loading in a finite element model is achieved by sim...
	Article 3.12.3 of AASHTO LRFD prescribes the design temperature gradient for concrete deck on girder bridges.  Note that the temperature gradient does not prescribe an absolute temperature, but the difference in temperature with depth.  No stresses or...
	Article C4.6.6 of AASHTO LRFD provides some guidance on how to estimate the imposed deformations of a linear temperature gradient on a 1D beam.  A linear temperature gradient analysis needs to consider axial extension, flexural deformation, and intern...
	To analyze a temperature gradient in a 2D PEB analysis, it is recommended that a nonlinear gradient over the cross-section be approximated by linear gradients applied to the elements of the model.  Differing linear temperature gradients can be applied...
	For a full 3D analysis, the temperature gradient can either be applied as a series of linear gradients, or if the mesh is fine enough and/or the gradient is shallow enough, as a stepwise series of uniform temperature variations through the depth of th...
	It is important that boundary conditions/bearings are modeled correctly in cases where thermal forces are developed in the super-structure and sub-structure of a bridge.  Often an analysis is performed to verify that piers are flexible enough to toler...
	5.2.9  Verifying Live Loads

	As stated previously, correct calculation of the effects of the moving live load requires the proper application of the AASHTO LRFD mandated number of design lanes, multiple presence factors, lane size and position of lanes and position of truck or pa...
	The relatively simple curved, single span bridge whose framing is shown in Figure 5-6 was analyzed circa 1980 using a commercial grid-based software package that had AASHTO live load processing.  The designer modeled the bridge with nodes between diap...
	Twenty years later another problem in the application of the AASHTO live load was discovered in cutting edge commercial software.  As in the example above, it was only the vigilance of a designer who could not believe that the large reported differenc...
	Another bug that has occasionally cropped up with automatic software optimization is that they are too general.  For instance, trucks and tandems will be mixed, or different numbers of lane loads and truck loads will be used in the same load case.  Wh...
	/
	Figure 5-6 – Calculated Moment Envelopes
	As the above examples demonstrate, software cannot always be relied on to provide the correct answers, and user error is always a possibility as well.  But simply examining the influence lines/surfaces, the placement of the loads, and the resulting fo...
	5.3 PRESTRESSING LOADS
	5.4 NONLINEAR LOADS
	APPENDIX 5A
	Provisions related to the magnitude and application of live load in refined analyses - Sixth Edition of AASHTO LRFD
	**Keywords such as "analysis", "refined", "methods", "software", and "finite" were used.
	APPENDIX 5B
	Provisions related to the magnitude and application of live load in refined analyses - Manual for Bridge Evaluation, 2nd Edition, with 2011 and 2013 Interims.
	**Keywords such as "analysis", "refined", "methods", "software", and "finite" were used.
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