CE 552 Lab

Roadside Design Guide

Benefit-Cost Assessment  - Software applications 

Objective:   Apply Benefit Cost analysis procedures to the evaluation of roadside safety features.

Background:  

    Crash frequency and severity issues are central issues to assessing the payoff for implementing or modifying roadside design features that may improve the safety record of a roadway.  The current practice for evaluating the impact of roadside design features extend back to 1977.  In 1988, 1996 and 2002, the American Association of State Highway and Transportation Officials (AASHTO) updated the steps, although the basic concepts have remained.

       Students have available a software program ROADSIDE that  assists with the evaluation of improvements to determine if the costs associated with crashes can be minimized in an economical manner for society.  In this lab, you will complete one problem related to determining the guardrail length requirements for a project a receive exposure to a  software application to aid the analyst in evaluating the cost tradeoffs. The development of a more recent package was discussed in NCHRP 492 and the Appendix section provided in class.  The advantage of the newer package is that multiple items can be investigated simultaneously (and more).

PROBLEM 1

 1.)
Measurement in metric - as per 1996 software:

Roadway conditions:   2 lane highway,  lane width = 3.6 m,  gradient = -4%,  curvature radius of 300 m (approximately 5.3o in English measure).

The roadway has a 3 meter shoulder.  Superelevation of the curve is 8% (continued across the shoulder), but at the shoulder/foreslope break the embankment is rounded over a 1 meter distance. to prevent loss of wheel contact. 

Traffic Conditions:     The two lane roadway serves 8000 vpd  for both directions. with a design speed of 90 km/hour.  Expected vehicular growth over a 20 year design period is 3%, compounded annually.  

Roadside conditions:  A 3:1 foreslope on the embankment occurs and continues until a traversable ditch is encountered 15 meters from the pavement edge.  However, before the traversable ditch occurs,  a tree that is 0.8m in diameter has been left on the embankment. only 5 meters from the edge of the traveled way.   The slope is generally smooth and can be expected to offer a frictional resistance equivalent to f = 0.4.

Question:   

a)  Is this tree in the clear zone?   

b) What benefit to society would be expected over the design life by removing the tree?  

Assumptions:

1) Determine length of need as though on a straight road. (scaled drawings would be used for curved roadways)

2) Calculate differences in barrier length for flared or non- flared situations, but recognize that the steep slope would require significant grading.   For the software assessment use barrier costs based on non-flared lengths. 

3) Default values for encroachment rate, default  fatality - injury costs and related adjustments may be assumed .  One feature the ROADSIDE program does not account for is the effect of slope on the foreslope and backslope.  The program assumes the roadside terrain is flat.   The adjustment for the this condition is given here by adjusting the offset distance from the pavement edge to the object as follows:      Offset adjustment factor =  1 +  s/f        

         where  s   =  slope (plus or minus)  expressed as the ratio of  vertical/ horizontal distance.   (i.e.  a  4 horizontal to 1 vertical slope is traditionally expressed as a 4:1 slope in highway plans.   A  4 horizontal to 1 vertical slope would be expressed as 0.25.

    For negative 3:1 foreslope (s =  -0.33) , and f = 0.4 the  

             Offset adjustment factor =  1 +  (- 0.33./.4)  = 0.18

      4)  Severity values :   Tree    6.5 for  front and “corner”;   and 5.0 for face




      Guardrail 3.5 for  front and corner,  2.4 for face   

The adjusted offset for a condition where the field measurement reported the offset = 10 meters, would be entered in the ROADSIDE program as 

   Distance from traveled way to the slope  +  10 * .18  =  1.8m.

In the case of a rounded grading between a hard surface shoulder and the embankment slope, the width of the rounding area can be evenly divided so 1/2 of the rounded distance may be considered as part of the shoulder and 1/2 as part of foreslope.  The latter portion should have the correction factor applied.     (See sketch)
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                                   edge
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                            done, divide this distance between
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2.  With the increasing traffic the engineer wants to remove the tree, but the historical society has pointed out that the tree has historical significance-  probably  the county's original "hanging tree".  If you were asked to build guardrail at the top of the shoulder to protect drivers from the potential damage due crashes, determine the overall B/C assessment for this condition.  You may ignore maintenance and salvage costs. 

  To help with the process:

        a)  what length of guardrail would be needed if you only run parallel to the roadway?

        b) what would be a likely cost for guardrail?    The DOT bid prices for barrier rail would be a good place to get an idea about this. Check out the Web page below.  These are items from bids from last year.  Recognize that the bid table does not incorporate all aspects of contract bids and that the sample size on some items may be small.  One of my objectives here is to show you a resource.  (For some uniformity – we will use a value of $40 per lineal foot for installed rail, or $130 per meter). Obviously the actual final costs would need to consider more information.


http://www.ia.bidx.com/lettings/eng_proj.txt

c) Does the number and cost of crashes increase or decrease by placing the barrier rail. 

Discuss your results ( Another run showing the potential savings for protecting the 3:1 slope would be useful, but not required.  A severity value for a 3:1 slope is approximately is a function of the depth of the slope, but you could consider an average of 3.5.  This is where the newer software is advantageous because it could simultaneously evaluate the slope and tree crash potential) 
