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Maximum lateral force on the wheels
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Fore Slope: Embankment Vertical Curve Behavior Of The Driver 0-25 Deg In Run Of Road
1:3 1:4 1:10 | (-2,£2) | (-2,t6) | (-6,£2) | (-6,+6) | (+6,-6) | 0-7.50'Deg | 0-15Deg 0-25'Deg
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
YES YES YES
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Output

Speed 80 km/hr

Speed 100 km/hr

Sedan

SUvV

Truck

Sedan

SUvV

Truck

fy

fx

fy

fx

fy

fx

fy fx

fy

fx

fy

fx

0.874608

0.0783569

0.8376098

0.1142785

0.6487838

0.0056921

0.8877945 | 0.0821459

0.8300889

0.0800256

0.6211157

0.0514086

0.873785

-0.032578

-0.525594

0.0271531

0.6382289

-0.01032

-0.651145 | 0.0417804

-0.651398

0.0617173

-0.599962

0.0077681

-0.93219

0.0813027

-0.836712

0.1048543

-0.64943

0.0043356

-0.868315 | 0.2305328

-0.820997

0.0958555

-0.651904

0.0007136

0.8737261

0.1285144

0.8224843

0.1276012

0.64875

0.0062429

0.868105 | 0.1041634

0.9060357

0.0749242

0.6134331

0.0601917

0.8638911

0.0129866

-0.505988

0.0446913

0.6353341

0.1700953

-0.614743 | 0.0512351

-0.61266

0.0674821

-0.576268

0.0258894

-0.795383

0.0979429

-0.815674

0.1188565

-0.622846

-0.003876

-0.85745 | 0.0858529

-0.805009

0.1006284

-0.651301

0.0011512

0.8952789

-0.030902

0.8699429

-0.024254

0.5516411

-0.010809

0.888881 | -0.023811

0.8447815

-0.018715

0.6330153

-0.00928

0.8734211

-0.032945

-0.531132

-0.028869

0.5755746

-0.013383

-0.639565 | -0.025535

-0.645082

-0.022379

-0.603202

-0.016065

-0.843252

-0.033737

-0.846392

-0.024647

-0.642563

-0.014243

-0.879565 | -0.023442

-0.825221

-0.017458

-0.658001

-0.012186

0.8818001

-0.028314

0.863356

-0.022382

0.5531318

-0.00851

0.8873852 | -0.02223

0.8478271

-0.017603

0.6245836

-0.007571

0.869617

-0.030796

-0.50279

-0.018269

0.6350066

-0.010334

-0.143664 | -0.005929

-0.601149

-0.021097

-0.582712

-0.013637

-0.823964

-0.031692

-0.83672

-0.023831

-0.639833

-0.013639

-0.863645 | -0.022254

-0.813987

-0.017159

-0.65331

-0.011415

0.9010026

-0.035549

0.8643053

-0.028494

0.6496666

0.0028012

0.9009996 | -0.027056

0.8488607

-0.021738

0.5702154

-0.01064

0.875133

-0.037557

-1.00673

0.0625771

0.6409868

0.00578%4

-0.823857 | 0.0228691

-0.811673

0.0491777

-0.58507

0.010804

-0.873356

0.0724539

-0.840465

0.09504

-0.639617

0.0075214

-0.800126 | 0.0745675

-0.815876

0.0906136

-0.678964

0.0066526

0.8143869

0.0722709

0.7973668

0.097208

0.6386335

-0.004495

0.8766519 | 0.0870978

0.8371501

0.0988704

0.6329595

0.0038854

0.875963

-0.030604

0.8210994

-0.021332

0.6435635

0.0098605

-0.65115 | 0.0417804

-0.651399

0.0617173

-0.599962

0.0077681

-0.834321

0.0727668

-0.836712

0.1048543

-0.64943

0.0043356

-0.868294 | 0.0777118

-0.820996

0.0958555

-0.651904

0.0007136

0.806113

0.109358

0.7914011

0.1320495

0.6239263

-0.005553

0.8665822 | 0.108654

0.8231881

0.1267829

0.6437959

0.0047224

0.8523314

0.0635982

0.8016269

0.0862162

0.6349194

0.0095289

-0.614748 | 0.0512351

-0.612655

0.0674821

-0.576268

0.0258894

-0.795372

0.0979429

-0.815679

0.1188565

-0.622846

-0.003876

-0.857475 | 0.0858529

-0.850327

0.1062933

-0.651301

0.0011512

0.8301267

-0.031993

0.8189919

-0.026326

0.6455038

-0.013891

0.9061931 | -0.024268

0.8665564

-0.018206

0.6489293

-0.008931

0.8753619

-0.031108

0.8209874

-0.02329

0.6393533

-0.009919

-0.63956 | -0.025535

-0.640211

-0.022379

-0.603202

-0.016065

-0.843252

-0.033737

-0.846409

-0.024647

-0.642563

-0.014243

-0.879127 | -0.02343

-0.825221

-0.017458

-0.658001

-0.012186

0.8082718

-0.029396

0.791937

-0.024241

0.6466661

-0.012879

0.8993315 | -0.022644

0.8691014

-0.016626

0.6386319

-0.008533

0.8719288

-0.028722

0.8261283

-0.020819

0.6381104

-0.0094

-0.579433 | -0.023913

-0.601167

-0.021097

-0.582712

-0.013637

-0.82397

-0.031692

-0.83672

-0.023831

-0.639833

-0.013639

-0.863649 | -0.022254

-0.813985

-0.017159

-0.65331

-0.011415

0.8296046

-0.036528

0.8232742

-0.030448

0.6169274

-0.007698

0.8917342 | -0.027442

0.8561075

-0.021536

0.6442649

-0.002539

0.8741599

-0.035582

0.8209047

-0.026789

0.647946

0.0066256

-0.823857 | 0.0228691

-1.317315

0.0491742

-0.58507

0.010804

-0.873356

0.0724539

-0.840502

0.09504

-0.639617

0.0075214

-0.800146 | 0.0745675

-0.815878

0.0906136

-0.678964

0.0066526

0.6572076

0.0531225

0.6495189

0.072019

0.5609576

0.0262864

0.7881445 | 0.0820908

0.7751828
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ABSTRACT

Run-off-road (ROR) incidents on curves, as one of the most accident-prone locations on roads,
have always attracted special attention. Centrifugal force exerted on vehicles and human error
are considered two fundamental factors in accident occurrence in these areas, ultimately
leading to vehicle rollover or skidding. Rollover and skidding of Sedan vehicles are among the
critical parameters in the issue of vehicle deviation on curves, and according to accident
statistics, they are associated with significant human and financial losses. The importance of
enhancing safety on downgrades is amplified, especially on mountainous routes, due to the
potential combination of horizontal curves with vertical alignments and/or their combination
with so-called steep grades. The AASHTO guideline, as the most reputable road design
manual, uses the "point mass model" to define vehicle behavior when traversing curves. This,
in effect, means excluding the principles of physics and mechanical engineering from road
design, which consequently leads to reduced safety. One of the fundamental limitations of the
point mass model is its disregard for the differential force distribution on the vehicle's various
wheels and axles. The final results of this research indicate reduced safety on curves and bends
with steep foreslopes (1:3 and 1:4). To address this issue, the present study provides new
relationships for use in road design.

Keywords: Foreslope, Run- of- Road, Downgrade, Vehicle Rollover, Vehicle Skidding
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