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BrR is self-computing slab beam LLDF's around 0.6 (Shear and Flexure), box beam LLDF's around 0.3. (Flexure) and 0.6 (shear) What should we be using? Initial thoughts was 0.75 for slab beams, reflecting the excavator turning and positioning slab beams. Might be too much (see results below). These ratings are governed by Service III. We need to be avoiding cracking during construction, so Service III and Strength I are the checks I'm doing. Results below are for Strength I (1.50 LL factor) and Service III assuming LLDF's automatically calculated for box beams and a 0.75 LLDF for slab beams. 
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SERVICE III
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STRENGTH I



SU4 truck
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Box Beam Chart in Plans for Identifying Strand Patterns
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For reference only, live load definitions from arch rib and spandrel column constructability analysis. Loads will be the same for the BrR models
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Assume Excavator is confined to the center of the crane mats, for design purposes assume it moves within a 13' width at the center of the crane mat. What is worst case LLDF? Still consider 75% of the load on a single tread. Tie rods installed before steel beams and crane mat placed. No different than a noncomposite slab beam/box beam bridge from a LLDF perspective. 
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BrR Settings for Running 336 Excavator + SU4 Truck
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Case 1: Excavator Tread Pushed Left. Max LLDF's Shown
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75% Load
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25% Load
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LLDF = 0.33
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LLDF = 0.39
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LLDF = 0.12
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LLDF = 0.16
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LLDF = 0.02
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Case 2: Excavator Tread Centered on Beam. Max LLDF's Shown
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LLDF = 0.14
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LLDF = 0.50
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LLDF = 0.17
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LLDF = 0.16
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LLDF = 0.09
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75% Load
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Assumptions:
-Crane Mat is Timber, u = 0.35, MOE = 1.5x10^3 ksi
-Take 0.75k and divide it along length of span to represent position and load of more heavily loaded tread. Use 0.25k for the other tread. Results in klf tread unit load. 
-No tying of the beams together is modeled, even though the beams will have tie rods installed before the excavator drives over them. -Compression only spring support defined in vertical direction to avoid potential bearing uplift. Generic stiffness assigned

Conclusion: The 0.61 LLDFs in the BrR model, used for the 48" wide slab beams, are conservative. 
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From these two load placements, the worst case LLDF is 0.54, leave the previously calculated 0.61 LLDF in BrR to be conservative. To compare with AASHTO calculated LLDF, slab beam Moment and Shear distribution factors for a single lane loaded are all 0.600. If we divide out the multiple presence factor of 1.20, the AASHTO LLDF for these slab beam spans would be 0.500. So using the maximum LLDF of 0.61 from the Midas analysis is not undercutting the AASHTO LLDF. 

Looking at the results from running the above described LLDF's, all slab beam spans are failing and three of the box beam spans are also failing. Since the box beam spans are using LLDF's for single lane including multiple presence factors, divide their BrR computed LLDF's by 1.20 and see if they pass. Cannot divide slab beam LLDF's by 1.2 since those are generated by Midas instead of BrR. 

It is worth noting that that the AASHTO LLDF equations are not applicable for the slab beams due to beam span length. BrR is defaulting to lever rule because of this, resulting in the 0.5 axle going to a beam. We can use the prevoously estimated 0.61 LLDF (vs 0.75) since 0.61 is still greater than the max distribution going into the slab beams as a result of load distribution through the timber crane mat and steel beams. Thus, the 0.61 is still the result of using the lever rule for the slab  beam.
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slab beam ratings
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box beam ratings
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The maximum shift within the 13' allowable width is analyzed considering 75% of the excavator + slab beam pick on the left tread centered over the 48" wide slab beam left adjacent to the center 36" wide slab beam. A case where the right tread has 75% of the load seems less likely since the excavator would likely not be reaching out as far from this position with the excavator shifted to the left. 

Dead loads during this construction stage consist of the self weight of the beams, HP sections, and crane mats. From previous constructability checks, the crane mats plus HP sections can be assumed to weigh 70psf. This is applied as a DW load in the model under Member Loads. 

The load combination for this construction check, at the Strength Limit State, is:
 
1.25(Permanent Dead Load) + 1.50(Construction Dead Load) + 1.50(Construction Live Load)

An impact factor of 10% is applied to the live load. 
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After dividing out multiple presence factors from the single lane LLDF's, it was also decided to set the multi lane LLDF's to a low number so that those do not govern the load rating. Additionally, looking at the excavator track gauge width, the middle 36" wide beam can never see the 75% loading that the outer 48" wide beams will see. Therefore, the middle beam's distribution factors were set to 0.5 for Moment and Shear, which reflects the AASHTO-calculated LLDF divided by 1.20 to remove the multiple presence factor. 

In discussions with Chris Cummings and Jeff Broadwater, options included using a smaller excavator or adding strands to the beams. From a couple quick iterations, smaller excavators improved ratings but not enough to get all beams to pass. Therefore it was decided to add strands to the beams to get them to pass. Goal is to add as few strands as possible so that changes to the beam designs (and camber, etc.) are minimal. Strands added as shown below; screen shots taken from plans and new strands shown in magenta.

The only box beams that required adjusted strand patterns were in Box Beam Span B, Patterns 1 and 5. All three slab spans required additional strands. 
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Box Beam Span B Strand Adjustments
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Arch Span A 16'-3" & Arch Span B 14'-0" Strand Adjustments
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Arch Span D 20'-3" Strand Adjustments
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ODOT B12-48 Standard Drawing Snip for Reference
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ODOT B12-36 Standard Drawing Snip for Reference
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Box Beam and Slab Span Results after Additional Strands Added
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Represents all 16'-3" spans over the arch spans. Excavator swings; 0.61 LLDF
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Beam Span B.  BrR computed  LLDF's with MPF divided out
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Beam Span E.  BrR computed  LLDF's with MPF divided out
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Beam Span F.  BrR computed LLDF's with MPF divided out
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Beam Span D. BrR computed LLDF's with MPF divided out

EBaznik
Text Box
Beam Span G.  BrR computed LLDF's with MPF divided out
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Beam Span C.  BrR computed  LLDF's with MPF divided out
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Represents all 20'-3" spans over the arch spans. Excavator swings; 0.61 LLDF
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Represents all 14'-0" spans over the arch spans. Excavator swings; 0.61 LLDF
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Represents longer portion of triangular slab span with MPF divided out
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Represents shorter portion of triangular slab span with MPF divided out
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Below is the BrR QC Checkprint. Everything needs checked; material properties can be found in the plans Bluebeam pdf. Remember that Impact is 10% and has been overriden in each member definition. 




































