Chapter 1 - Implications and Recommendations for Design and Code

Implications and Recommendations for Design and Code
Talk through Open sees modules, challenges with Object Oriented Code
Issue of Depth

Transferring temperature to fibers

It is expected that any new code will have to accommodate and incorporate the prescriptive codes of the past as well and. provide practical design methods short of a complete nonlinear natural fire analysis.  Table 6-1 shows a brief out line of the various tracks that could be followed in a new code design.

	Prescriptive Methods
	Performance-Based Methods

	
	Member Design
	System Simulation
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	Case Specific
	Generic
	

	Test Based, ASTM E119
	Specific Beam
	Range of Beams
	Computer Anaysis, i.e. ABAQUS, Open Sees, etc.

	Test plus Analysis (Scaling)
	“Exact Fire”
	Typical Fire by type
	(fire ( (lim


Table 1‑1 Structral Fire Design Code Methods
1.1 Prescriptive methods

Prescriptive methods have been talked about in previous Chapters in some detail.  It is likely based on their historic use, simplicity to apply, designers’ and practitioners’ familiarity with them, and their unquestioned performance record that they will remain with us for the foreseeable future.  It is also expected that new methods of using them and applying them will continue to be developed and their use refined over time.  One such new method proposes scaling member that have been tested to apply to other member sized which have not been tested.
1.2 Performance Based Methods

As has also been discussed performance-based measures means many different things and can be viewed at many levels.  Here the proposal is for acceptable methods for the application of performance-based codes.  As such there seems to be a need to a simplified method and a more involved or exact method.
1.2.1 Simplified Member Design

This would be a step away from the prescriptive codes based on realistic fire input as well as material properties that are a function of temperature.  
1.2.1.1 Proposed Code Methodology for Specific Simple Beam Bending Design
As a step towards codification of the design of member for fire the following outline of steps is proposed.

1. Define Fire Scenario

2. Define Gravity Loading

3. Select member size

4. Determine fire proofing requirements based on Natural fire for fire scenario.

5. Check member adequacy using (b,fire.

6. Go to step 3 and repeat if necessary.

1.2.1.2 Define Fire Scenario

This step is a specific set of parameters that are based on the “fire scenario” that is unique for each member in a structure.  It is based on the location of the member, specifically what fire compartment the member belongs.  Once this is know the parameters are the geometry of the compartment, the type of occupancy, which determines the fuel load, the ventilation geometry of the compartment, which should be pessimized, and the boundary enclosure properties.  The fire scenario is essentially all the parameters that are required to define a natural fire model.  Most of these values are based on design decisions and are generally known (geometry, boundary enclosure type, etc.) or can be gotten from tables and previous work (fuel load, see Appendix A).  While many models are available, as discussed in Chapter 2, it is recommended that the Eurocode 1 parametric fire equation be used.  Use of this model allows the designer to use a basic model that is based on the geometry of the compartment, ventilation, enclosure boundary and fuel load.  The fuel load can be calculated through a site survey or taken from various table.  It can further be modified by Active fire safety factors and fire activation factors, as discussed in section 2.X.X, based on the designer’s level of knowledge about the structure.  Taking these all these modification factors as 1 is a conservative assumption.  
1.2.1.3 Define Gravity Loading and Select Initial Member Size
Gravity loading is selected based on design loads for various construction materials and types as well as types of occupancies.  Both dead and live loads must be accounted for and load factors should be used in accordance with an approved code, such as the ASCE Minimum Design Loads for Buildings and Other Structures (American Society of Civil Engineers 2002).  Once loading is determined, an initial member should be selected based on the LRFD approach as specified in Section F of the Steel Manual (American Institute of Steel Construction Inc. 1999).
1.2.1.4 Determine Insulating Requirements Based on Natural Fire 

Once the fire scenario has been selected and the member size determined, the heat transfer to the member must be calculated.  The goal for a simplified design would be to limit the temperature to 540 oC, which is seen as the critical temperature.  To do this a level of insulation is selected.  The surface area of the member exposed to fire is calculated and the ration of this area to volume computed.  Using a parametric fire model (section 2.X.X) and a step by step heat transfer method (section 2.X.X) the maximum temperature in the steel member can be calculated.  If this is far below 540 oC the insulation depth can be reduced, if it is over 540 oC the depth of insulation increased and then the temperature in the member recalculated.  
1.2.1.5 Check Member Adequacy Using (b,fire.

The design equation for a bending beam subjected to fire would be:
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Ellingwood has suggest that the load factors for fire scenarios be (D =1.0 and (L = 0.5 for dead and live loads respectively.  Through Monte Carlo simulation (b,fire was calibrated as discussed in Section 3.X.X.  If the beam selected is adequate then the design is successful, if not then a new size is selected and the procedure from step 3 is repeated.
1.2.1.6 Example Problem  
As an example looking at a simple supported interior beam that is 9 [m] in length and supports a tributary area of 6 [m] in width.
1.2.1.6.1 Fire Scenario

Looking at an 18 [m] x 9 [m] floor area, with 4.825 [m] high walls compartment in an office building, having vertical openings of 14.34 [m2], with a weighted average vertical opening height of 1.5 [m], for an opening factor of 0.3 [m1/2].  The boundary enclosure is gypsum plaster with    .  The office fire load is taken at 420 [MJ/m2], all load modification factors were taken as 1.
1.2.1.6.2 Gravity Loads

The live load is taken from the ASCE load manual and for an office is 50 [psf], which is 0.002394[N/mm2].  The dead load was estimated at 80 [psf] or 0.003830 [N/mm2].  As load per unit length this work out to a dead load of 11.5 [N/mm] and a live load of 7.2 [N/mm].  
1.2.1.6.3 Initial Member Size

From ASCE Load Manual and the Steel Manual the load factors of 1.2D + 1.6 L are used.  The maximum moment in the member is defined by 
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, substituting in the factored loads results in a maximum moment of 256 [kN∙m]. Using the Load Factor Design Selection Tables from the Steel Manual for Fy = 345 [MPa] steel a W410(46.1 [W16(31] member is selected.  This is assuming plastic design (Mn = Fy(Z) and a (b = 0.90.
1.2.1.6.4 Initial Fire Insulation
For insulation a sprayed on perlite or vermiculite plaster with (i = 350 [kg/m3], ki = .12 [W/mK] and ci = 1200 [J/kg K] is selected.  An initial estimate of insulation depth of 20 [mm] is made.  It is assumed for this example that the beam is exposed on “3 sides” to the fire, i.e. the top of the top flange is in contact with the slab floor and not exposed directly to heat.  For our beam this means we have an exposed surface area of 1.19 [m2 per m length] and a volume of .00589 [m3 per m length] (both of these values taken from the Steel Manual).  Based on our fire scenario, using Eurocode 1 parametirc fire model Equation ( ) and the heat transfer equation (  ) we find the  maximum temperature in the member is 541 oC.  This is judged “close enough to our 540 oC target.  
1.2.1.6.5 Check member adequacy using (b,fire.

Based on test (see Section 3.X.X), (b,fire = 0.55.  Design equation, based on Equation (1.1)

 is 
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thus for our example
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1.2.2 System Design
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