i University of Maryland 3D HIGHWAY ALIGNMENT OPTIMIZATION FOR BROOKEVILLE BYPASS Morgan State University

K Dept‘ of Civil & Environmental Engineering By Min Wook Kang (mkang5@umd.edu), Manoj K. Jha (mkjha@eng.morgan.edu), Paul Schonfeld (pchon@eng.umd.edu) Dept' of Civil Engineering
ighway Alignment Optimization Model Application of Highway Alignment Optimization Model to the

el Application Proced!

“+Objective - «The HAO Formulation

>To demonstrate the applicability of the latest version of the HAO model to a real highway Horizontal Map «“+Changes in Objective Function Value over Successive Generation
i i : derati i iing i icati Minimize C, =C, +C, +C,+C,.+C, = Sum of relevant costs Digitization
project with due consideration to issues arising in real-world applications. st iy T U RTULTHET S = o —
To identify future research required for further enhancement of the model. e, Vil 1. Digitize Properties in the Study Area
. y“ it} 2. Impose the Property Information on
<+ Conclusion SH Sty the Digitized Map Trade Map 2 160E009
3 i i 3. Overlay & Redraw Environmental H
»The model can efficiently ev.aluat.e numerous ! ing user p ces. Where, (X,.Y,)=the X, Y coordinates of the bottom-left corner of the study region SenslivVe ‘Areas on the Digitized Map Representation H L 20E400
»The model can provide practical information about alignments, including the optimized (X,¥,) =the X, Y coordinates of pointsof intersections, P 4. Superimpose the Trade-off value To Represent Complex Land-Use § W
. . Bl X y - e p g
one, to hlg_hwa.y planne_rs and deslgner_s. (Xours Vo) =the X, Y coordinates of the top-right corner of the study region | Craseensics n e Sudy Area S BOLEV08
»Computation time and input data requirements are reasonable. 2 l‘\.H
Y Yrax Vertical Map §‘ 4.01E+08
< Future Work Digitization
»Optimizing highway networks beyond the single alignment optimization — _Cp\_/erl the Topology Map to 1.00E+06
>Optimizing various types of crossings with existing roads gy Ao, /7 Digitized Elevation Map (DEM) 1 51 101 151
> Improvement of the tradeoff analysis o) J', Generation number
» Improvement of the PI’s selection algorithm Pl (% q) ‘ Setup Inpu‘t Data File ‘ p—r 5Pl — 6P —7P1
> Improvement of the bridge analysis < ﬁ(i 1
> Introduction of hydrologic analysis Y525 ’ - ‘ Run the HAO Model (om%?zeeld(i)\ﬂ;ﬁwesms)
SG.%5) E? . s
«»Model Outputs (Sensitivity to No. of PI’s)
Y=oty
<+ The Main Purpose of the HAO Model nd-Use in the Study Al e —
Assisting highway planners and designers in identifying promising alignments and *oYo) x=x+D, XKoo T . 1 T
evaluating them An Example of Points of Intersections (PI’s), Tangency and Curvature : Jﬂla
- FHNT
“+The HAO Model Performance "'
>Considers all dominating sensitive costs and important constraints «»The HAO Model Process t ! - Endpelent
»Finds globally or near globally optimal solutions through complex terrain and land use w E J
»Simultaneously optimizes highway alignments (horizontal and vertical) with given endp: Endpoint M Altwrnative C ==
»Works in continuous search space
. . o o <1> Generate the coordinates of Adermative A | Unit Cost ($isq.f)
>Exploits the massive information in a GIS | alignment j with GA <3> Compute the Right-of-way o1
»Allows numerous inations of objectives, ints, and weighting factors GRS 1] and structure costs (C,,,C,) Airnatire B- E ; ::
»Provides trade-off analysis among various evaluation factors <2> Compute the earthwork, Abrinaive D e
>Has an efficient solution algorithm (('f"“‘(':‘“egi")“e';‘f': 1ot Structure cost range (5)
»>Has low storage requirements L I 10,000 - 1,000,000
“The HAO Problem Connecting Tow Endpoints i e
" Othaw propastis:
=P, =E ’
End Poltt 8" hat start point
<4> Compute Characteri: L F 2 vl
the objective function value The control area that the proposed Initial Environmental impact
(2,=C+C +C, +C, +C,) alignment can avoid Optimized | #of | construction W Length | Computation
alignment | PI's | costs () e (Noy (ft) time (hr)
<> Evaluate A 4| 5148404 251,
the objective function cost h B 5 | 4629708 194,
. i The area that the proposed alignment C 6 ,956,983 ,499.
Start Point ot avoid D 7 220,679 314
To=Pe=S Search Space 220 314

+Type of Sensitivity Analysis Conducted in The Study «*Environmental Impact Summary for Optimized Alignments A to D

T — S Optimized alignment A B c D
‘Sensitivity 1o grid size BOf~80 Mt 120 ft*120ft Number of PI's 4 5 6 7
‘Sensitivity to design speed 40 mph 60mph Initial construction costs () 5,148,404 | 4,629,708 | 5,956,983 | 5,220,679
Sensitivity o cross-section spacing a0ft 60t Length of the optimized alignment (ft) 425188 | 419400 449926 | 431488
Sensitivity to penalty cost for parklands 50xX 10xX Computation time (hr) 441 468 4.95 5.01
‘Sensitivity to i ‘ Start point (X, Y) 1295750, 549400 | 1295645, 548735 Environmental impact
‘Startand End points | Endpoint (X, Y) 1294690, 552069 | 1294244, 553285 e Affocted residenialEa(GaT] e 5 5 5
Sensitivity to unit length-dependent cost 300 $/ft 200 $ft i idential relocati ” 0 0 0 0
Sensitivity 1o crossing type with the existing Interchange Intersection economic | Residential relocati
—s ©iamond) | (&-leg) resources | Affected Community Center (sq.ft) 152.38 0 0 0
Affected properties in Historic Districts (sa.ft 0 0 0 0
Affected Montgomery County reserved area (sa.ft) | 4,1896.1 | 452959 | 45286.0 | 452600
g Affected existing roads (sq.ft) 391521 | 29,609.1 | 17,0876 | 25227.4
Input data values, used for the optimized alignment B, which is the Natural Affected wetlands (sq.ft) 0
most preferable based on the sensitivity analysis to number of PI’s resources | Affected floodplains (sq.ft) 23,259.8
Affected streams (sq.ft) 6905
Affected parkland in Historic Districts (sq.ft) 11,6622
Design Initial ‘Minimum Environmental impact Alignment | Computation Cross-section’ initial ‘Environmental impact Ali Affected parklancl(EH] SS0a1
pe struction | curve radius | The type 1 areas taken |  Residential | length (f) | time (hr) spacing | construction “The type 1 areas taken | _Residential length.
(mph) ($) (ft) ) location (N [0 cost ($) by alignments (sq.ft) | relocation (No.) () (br)
) 0 0 4259 | 46
8 30 4,973,666 0.005 0 4,282.92 477
50 o o 4194.00 468 | 40| 4629708 007 (] 419400 | 468 pan
(] 0 0 SERE L ien 0 4708533 ] [l 4211485 | 464 Sz




