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The objectiveof the presentstudy is to investigatethe

length required for a complete and safe overtaking

procedureat variousspeedsand for different typesof

vehicles,taking also into accountthe influenceof the

roadlongitudinalslope.

At the sametime, measurementswerecarriedout with

appropriateequipment to determine the relationship

betweenspeedandaccelerationof a newertechnology

vehicle in order to compare the results with the

currentlyusedregulations. Thepurposeof this analysis

is to set the basis for the better determinationof

limiting PSDvalues​​inorder to harmonizetheorywith

practice.

Objective of the Study



Theovertakingprocessinvolvesthreevehicleswith differentcharacteristics:

1. The passedvehicle 1, which may be consideredmoving at a constantspeed,slightly below the

speedlimit of theroad(e.g. 10~20km/hbelowthepostedspeedlimit) .

2. The passingvehicle 2, which may be consideredmoving at a constantspeeduntil it decidesto

overtake. From the momentstartingthe overtakingprocessand until its completion,a smoothly

acceleratedmotionis assumed; and

3. Thevehicle3 that is moving in theoppositedirection,which maybeconsideredin favor of safety

asbeingdrivenat aconstantspeedequalto theV85 operatingspeed.

Proposed Methodology



TherequiredovertakinglengthSudependson thefollowing factors:

1. Thedecisiontime for thedriver of vehicle2 to proceedwith theovertakingprocess. For this period

of time,vehicle2 is drivenat aconstantspeedsamewith vehicle1 speed.

2. The length Lu where the passingVehicle 2 has travelled from the beginningof the overtaking

processuntil completion. In this case,vehicle2 achievesconstantacceleration,which dependson

thevehicle'stechnicalcharacteristicsandthelongitudinalslopeof theroad.

3. ThesafetydistanceLA betweenvehicles2 and3 whentheovertakingprocessis completed.

4. The distanceL3 traveledby vehicle 3 during the overtakingprocess. At this time vehicle 3 is

movingat aconstantspeedequalto V85 operatingspeed.

Proposed Methodology



For thepresentresearch,thefollowing assumptionsweremade:

1. Decisiontime tdec. wasappliedequalto 2 seconds.

2. LengthLs wassetto 20meters.

3. SpeedV1 of vehicle1 wasconsidered20km/h lower thanthedesignspeed.

4. OperationalspeedV85 wasconsidered20km/h higherthanthedesignspeed.

5. SafetymarginLΑappliedas50 meters.

6. Speedof the passingvehicleshall neverexceedthe operationalspeedV85 while the overtaking

procedureis active(20km/h higherthanthedesignspeed).

Assumptions



Generalanalysisfor manylongitudinalslopesandseveralaccelerationvalueshasbeencompletedandtheresults

were primarily correlatedwith the limits proposedin the Greek RegulationsOMOE-X and US Regulations

(AASHTO), versions2004and2018.

Analysis and Relationship with current regulations

TABLE 3: Required PSD in Respect to the Longitudinal Slope, for Acceleration values equal to 2.0 m/s2

Constant vehicle acceleration during overtaking procedure equal to α=2.0 m/s2

Ve 

(km/h)

Road Longitudinal Slope / (+) Upgrade, (-) Downgrade
ΟΜΟΕ

AASHTO

10% 8% 6% 4% 2% 0% -2% -4% -6% -8% -10% 2004 2018

40 362 346 334 325 318 312 307 304 300 297 295 425 270 140

50 423 403 388 377 368 361 356 351 347 343 340 475 345 160

60 483 459 442 429 419 411 404 398 394 390 386 500 410 180

70 544 516 496 481 470 460 452 446 440 436 432 525 485 210

80 604 573 551 534 520 509 501 493 487 482 477 575 540 245

90 665 630 605 586 571 559 549 541 534 528 523 625 615 280

300 Required length less than the one provided for Greek and AASHTO (2004) regulations

400 Required length less than the one provided for Greek and greater than AASHTO (2004) regulations

500 Required length greater than the one provided for in Greek and AASHTO (2004) regulations

600 Grades allowed by exception for the specific design speed



Fromthegeneralanalysissomeconclusionswereexported:

Å A realisticconservativeaccelerationvalueof α=1.5 m/s2 canbeachievedwith a vehicleof 100hp, while for

this accelerationvalue the requiredpassingsight distanceis significantly shorter in many casesthan the

minimumvaluepresentedin Greekregulations.

Å AASHTO regulations(2018) has lower limits, and the required PSD in all cases is significantly higher

from the calculated values.

Å Previousversionof AASHTO Regulations(2004) hasmore realistic thresholds,especiallyon lower design

speedroads(lower than60km/h).

Å Forhigherdesignspeedroads,AASHTO limit values​​(2004) convergeto Greekregulationlimits.

Å Vehicleswith higherhorsepower,which arepresentlywidely usedon theNationalandRuralRoadnetwork,

achievea safe overtaking proceduremuch shorter than required by the Greek and previous AASHTO

regulations(2004), butarenotsufficientaccordingto therecentAASHTO limits (2018).

Å In theGermanRAL-2012designguidelines,therequiredPSDis setto 600m, which is adequatefor almostall

vehiclesto completeasafeovertakingprocedurefor anyspeedlessthan90km/h.

Analysis and Relationship with current regulations



As a secondstep,alternativescenariosfor vehiclesweighting1000~ 1500kg, with a horsepowerof 80

to 300HPwereconsideredin relationto thevalueof theacceleration(α)thatvehicle2 mayachieve.

TABLE 1: Acceleration Values (m/s2), for Vehicles Weighing 1000kg in Respect to the Horsepower.

Range of 

Velocity
Box Gear

Horsepower (HP)

80 100 120 140 180 210

40-80 2nd 1,70 2,00 2,20 2,50 3,20 3,60

60-100 3rd 1,20 1,40 1,60 1,80 2,20 2,50

80-120 4th 0,90 1,05 1,20 1,40 1,70 1,90

TABLE 2: Acceleration Values (m/s2), for Vehicles Weighing 1500kg in Respect to the Horsepower.

Range of 

Velocity
Box Gear

Horsepower (HP)

80 100 120 140 180 210 300

40-80 2nd 1,30 1,50 1,70 1,90 2,40 2,80 4,50

60-100 3rd 0,90 1,05 1,20 1,40 1,70 2,00 3,20

80-120 4th 0,70 0,80 0,90 1,05 1,30 1,50 2,50

Investigation for different types of vehicles



The technicalcharacteristicsof the vehicles,and thereforethe accelerationthey candevelopat the time of the

overtakingprocedure,is greatlyinfluencethe requiredPSD. In the presentstudy,an analysiswasperformedby

consideringtheaverageaccelerationvalues​​presentedabove.

Investigation for different types of vehicles

TABLE 4: Required PSD for 0% Grade and Acceleration Values Depending on Horsepower and Vehicle Weight

300 Required length less than the one provided for Greek and AASHTO (2004) regulations

400 Required length less than the one provided for Greek and greater than AASHTO (2004) regulations

500 Required length greater than the one provided for in Greek and AASHTO (2004) regulations

Vehicle Weight 1500kgr

Ve 

(km/h)

Vehicle Horsepower (HP)
ΟΜΟΕ

AASHTO

80 100 120 140 180 210 300 2004 2018

40 336 323 311 302 284 274 245 425 270 140

50 391 374 361 349 328 314 280 475 345 160

60 446 426 410 397 371 355 314 500 410 180

70 566 537 514 488 459 437 382 525 485 210

80 630 597 570 541 508 483 421 575 540 245

90 760 723 693 656 610 581 494 625 615 280

100 830 790 757 716 664 633 537 675 670 320



Fromtheaboveanalysissomemoreconclusionswereexported:

Å For an averagevehiclewith a powerof 140 hp, the lengthrequired

for overtakingis usuallyshorterin respectto the GreekRegulations

OMOE-X and GermanRegulationsRAL-2012, especiallyon roads

wherethedesignspeedis lessthan80km/h.

Å On the otherhand,for the samevehicle, the valuesprovidedin the

previousAASHTO Regulations(2004) appearto approachthevalues

derivedfrom thepresentanalysisfor anaveragevehicle.

Å TherequiredPSDis alwayshigherthantheonesuggestedin thenew

AASHTO guidelines(2018).

Figure 3 - Required PSD as related to vehicle horsepower (1500kg weight) and 

design speed for longitudinal slope equal to 0%

Investigation for different types of vehicles



In orderto further investigateliteratureresults,measurementsweremadein

the field with appropriateequipmentandactualspeedandaccelerationdata

wererecordedwith a modernstandardvehicle.

Å A commonlarge vehicle TOYOTA-CHR Hybrid 1800cc with 122 hp

andmanufactureyear2019wasused.

Å Measurementsweremadeusingthe VERICOM VC4000accelerometer,

which accuratelyrecordsvehicle speedevery 0.1 sec, as well as the

longitudinalaccelerationof thevehiclewith astepof 0.01 sec.

Å The measurementswerecarriedout on a freewayroadsectionwith a very

low curvaturerate,without traffic in orderto allow the vehicleto makethe

accelerationprocessunobstructedup to thevehiclespeedlimit .

Å The averagelongitudinal slope of the motorway was approximately1%,

whichwastakeninto accountin thefinal results.

Å The measurementsweremadeon a dry, cleanpavementandwith high tire

grip betweentiresandpavement.

Figure 4 – VERICOM VC4000DAQ

accelerometer

Application for specific vehicle Toyota CHR Hybrid 
(1800cc, 122HP - Year 2019)



Figure 5 – For Toyota CHR (122hp)

Measurements of vehicle speed and 

acceleration in respect to the distance 

covered were completed.

Based on the measurements, a

mathematical relationship for the

acceleration of the CHR Hybrid

vehicle in respect to the instant

vehiclespeedwasdeveloped.

α= -0.0695*V+3.32-s*g (3)

V (m/sec) =the instant vehicle speed 

of CHR Hybrid (122HP)

Application for specific vehicle Toyota CHR Hybrid 
(1800cc, 122HP - Year 2019)



According to Equation3 and the mathematicalequationsof acceleratingmovement(α=dV/dt and V=dS/dt), the

following equationsweredeterminedfor the instant vehicle speed for CHR Hybrid and the distance travelled in

respectto vehicle'srunningtime.
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where: V (m/sec)= theinstantvehiclespeedof CHR Hybrid (122HP)

S (m) = thetravelleddistanceby CHR Hybrid (122HP)

Vο(m/sec)= theinitial vehiclespeedof CHR Hybrid (122HP)

s (-) = thelongitudinalgradeof theroad(+) for uphill and(-) for downhill.

g (m/sec2) = thegravity acceleration,equalto 9,81m/sec2.

t (sec)= thetraveltime of thevehicleCHR Hybrid (122HP)

Aboveequationsrefers only to TOYOTA-CHR Hybrid (1800cc, 122HP, 2019) thatwereusedin thepresentstudy.

Application for specific vehicle Toyota CHR Hybrid 
(1800cc, 122HP - Year 2019)



Application for specific vehicle Toyota CHR Hybrid 
(1800cc, 122HP - Year 2019)

Required PSD for vehicle TOYOTA CHR-Hybrid (122HP, 1800cc, 2019)

Ve (km/h)
Road Longitudinal Slope / (+) Upgrade, (-) Downgrade

ΟΜΟΕ
AASHTO

10% 8% 6% 4% 2% 0% -2% -4% -6% -8% -10% 2004 2018

40 299 290 282 276 270 266 262 259 256 253 251 425 270 140

50 363 350 340 330 322 315 310 305 301 297 294 475 345 160

60 436 418 402 389 378 368 360 353 348 343 338 500 410 180

70 519 493 472 454 439 426 415 405 397 390 385 525 485 210

80 618 580 550 526 506 489 474 461 450 441 433 575 540 245

90 738 683 641 607 580 557 538 522 507 495 485 625 615 280
Constant vehicle acceleration during overtaking procedure equal to α=2.0 m/s2

Ve (km/h)
Road Longitudinal Slope / (+) Upgrade, (-) Downgrade

ΟΜΟΕ
AASHTO

10% 8% 6% 4% 2% 0% -2% -4% -6% -8% -10% 2004 2018

40 362 346 334 325 318 312 307 304 300 297 295 425 270 140

50 423 403 388 377 368 361 356 351 347 343 340 475 345 160

60 483 459 442 429 419 411 404 398 394 390 386 500 410 180

70 544 516 496 481 470 460 452 446 440 436 432 525 485 210

80 604 573 551 534 520 509 501 493 487 482 477 575 540 245

90 665 630 605 586 571 559 549 541 534 528 523 625 615 280

Less PSD needed (25m ~ 63m) for the 

overtaking procedure of Toyota CHR in respect 

to the constant acceleration of 2,0m/sec2



Application for specific vehicle Toyota CHR Hybrid 
(1800cc, 122HP - Year 2019)

Required PSD for vehicle TOYOTA CHR-Hybrid (122HP, 1800cc, 2019)

Ve (km/h)
Road Longitudinal Slope / (+) Upgrade, (-) Downgrade

ΟΜΟΕ
AASHTO

10% 8% 6% 4% 2% 0% -2% -4% -6% -8% -10% 2004 2018

40 299 290 282 276 270 266 262 259 256 253 251 425 270 140

50 363 350 340 330 322 315 310 305 301 297 294 475 345 160

60 436 418 402 389 378 368 360 353 348 343 338 500 410 180

70 519 493 472 454 439 426 415 405 397 390 385 525 485 210

80 618 580 550 526 506 489 474 461 450 441 433 575 540 245

90 738 683 641 607 580 557 538 522 507 495 485 625 615 280
Constant vehicle acceleration during overtaking procedure equal to α=2.0 m/s2

Ve (km/h)
Road Longitudinal Slope / (+) Upgrade, (-) Downgrade

ΟΜΟΕ
AASHTO

10% 8% 6% 4% 2% 0% -2% -4% -6% -8% -10% 2004 2018

40 362 346 334 325 318 312 307 304 300 297 295 425 270 140

50 423 403 388 377 368 361 356 351 347 343 340 475 345 160

60 483 459 442 429 419 411 404 398 394 390 386 500 410 180

70 544 516 496 481 470 460 452 446 440 436 432 525 485 210

80 604 573 551 534 520 509 501 493 487 482 477 575 540 245

90 665 630 605 586 571 559 549 541 534 528 523 625 615 280

Required length for the overtaking 

procedure is higher only in higher speed 

cases (80 ~ 90km/h) with higher 

longitudinal slope (+6% ~ +10%).



Application for specific vehicle Toyota CHR Hybrid 
(1800cc, 122HP - Year 2019)

Required PSD for vehicle TOYOTA CHR-Hybrid (122HP, 1800cc, 2019)

Ve (km/h)
Road Longitudinal Slope / (+) Upgrade, (-) Downgrade

ΟΜΟΕ
AASHTO

10% 8% 6% 4% 2% 0% -2% -4% -6% -8% -10% 2004 2018

40 299 290 282 276 270 266 262 259 256 253 251 425 270 140

50 363 350 340 330 322 315 310 305 301 297 294 475 345 160

60 436 418 402 389 378 368 360 353 348 343 338 500 410 180

70 519 493 472 454 439 426 415 405 397 390 385 525 485 210

80 618 580 550 526 506 489 474 461 450 441 433 575 540 245

90 738 683 641 607 580 557 538 522 507 495 485 625 615 280

Overall time for the overtaking procedure (sec) - Driver decision time, taken as 2.0sec, is not included

Ve (km/h)
Road Longitudinal Slope / (+) Upgrade, (-) Downgrade

Comments
10% 8% 6% 4% 2% 0% -2% -4% -6% -8% -10%

40 7.38 6.99 6.66 6.36 6.12 5.91 5.73 5.58 5.45 5.34 5.24

The influence of the longitudinal 

slope is particularly important 

and should be taken into account 

in determining the required PSD.

50 7.83 7.38 6.99 6.65 6.36 6.11 5.91 5.73 5.58 5.45 5.34

60 8.37 7.83 7.37 6.98 6.65 6.35 6.11 5.90 5.73 5.58 5.45

70 9.04 8.36 7.82 7.36 6.98 6.64 6.35 6.10 5.90 5.73 5.58

80 9.87 9.02 8.36 7.81 7.36 6.97 6.64 6.35 6.10 5.90 5.72

90 10.97 9.86 9.01 8.35 7.80 7.35 6.96 6.63 6.34 6.10 5.89

Additional 1,2 sec ~ 2,7sec needed 

for the overtaking procedure in 

case of +6% Vs -6% slope



Application for specific vehicle Toyota CHR Hybrid 
(1800cc, 122HP - Year 2019)

Speed range achieved from the passing vehicle (km/h)

Ve (km/h)
Road Longitudinal Slope / (+) Upgrade, (-) Downgrade

Comments
10% 8% 6% 4% 2% 0% -2% -4% -6% -8% -10%

40 20 ~ 54 20 ~ 56 20 ~ 58 20 ~ 60 20 ~ 60 20 ~ 60 20 ~ 60 20 ~ 60 20 ~ 60 20 ~ 60 20 ~ 60

The passing vehicle starts the 

overtaking procedure with a speed 

20km/h lower than the design 

speed, while the maximum speed 

does not exceed the design speed 

plus 20 km/h

50 30 ~ 62 30 ~ 64 30 ~ 66 30 ~ 68 30 ~ 70 30 ~ 70 30 ~ 70 30 ~ 70 30 ~ 70 30 ~ 70 30 ~ 70

60 40 ~ 70 40 ~ 72 40 ~ 74 40 ~ 76 40 ~ 78 40 ~ 80 40 ~ 80 40 ~ 80 40 ~ 80 40 ~ 80 40 ~ 80

70 50 ~ 77 50 ~ 80 50 ~ 82 50 ~ 84 50 ~ 87 50 ~ 89 50 ~ 90 50 ~ 90 50 ~ 90 50 ~ 90 50 ~ 90

80 60 ~ 85 60 ~ 87 60 ~ 90 60 ~ 92 60 ~ 94 60 ~ 97 60 ~ 99 60 ~ 100 60 ~ 100 60 ~ 100 60 ~ 100

90 70 ~ 92 70 ~ 95 70 ~ 98 70 ~ 100 70 ~ 102 70 ~ 104 70 ~ 107 70 ~ 109 70 ~ 110 70 ~ 110 70 ~ 110

Acceleration range achieved from the passing vehicle (m/s2) - The influence of the longitudinal slope is included

Ve (km/h)
Road Longitudinal Slope / (+) Upgrade, (-) Downgrade

Comments
10% 8% 6% 4% 2% 0% -2% -4% -6% -8% -10%

40 1.95 ~ 1.29 2.15 ~ 1.45 2.35 ~ 1.60 2.54 ~ 1.77 2.74 ~ 1.97 2.93 ~ 2.16 3.13 ~ 2.36 3.33 ~ 2.55 3.52 ~ 2.75 3.72 ~ 2.95 3.91 ~ 3.14
The acceleration that can be 

achieved during the overtaking 

procedure varies significantly 

depending on the speed and the 

longitudinal slope of the road 

section, affecting the required PSD

50 1.76 ~ 1.14 1.96 ~ 1.29 2.15 ~ 1.45 2.35 ~ 1.61 2.54 ~ 1.77 2.74 ~ 1.97 2.94 ~ 2.16 3.13 ~ 2.36 3.33 ~ 2.56 3.53 ~ 2.75 3.72 ~ 2.95

60 1.57 ~ 0.99 1.76 ~ 1.14 1.96 ~ 1.30 2.16 ~ 1.45 2.35 ~ 1.61 2.55 ~ 1.78 2.74 ~ 1.97 2.94 ~ 2.17 3.14 ~ 2.36 3.33 ~ 2.56 3.53 ~ 2.76

70 1.37 ~ 0.84 1.57 ~ 0.99 1.77 ~ 1.14 1.96 ~ 1.30 2.16 ~ 1.45 2.35 ~ 1.61 2.55 ~ 1.78 2.75 ~ 1.97 2.94 ~ 2.17 3.14 ~ 2.37 3.34 ~ 2.56

80 1.18 ~ 0.70 1.38 ~ 0.85 1.57 ~ 1.00 1.77 ~ 1.15 1.97 ~ 1.30 2.16 ~ 1.46 2.36 ~ 1.61 2.55 ~ 1.78 2.75 ~ 1.98 2.95 ~ 2.17 3.14 ~ 2.37

90 0.99 ~ 0.56 1.18 ~ 0.70 1.38 ~ 0.85 1.58 ~ 1.00 1.77 ~ 1.15 1.97 ~ 1.30 2.16 ~ 1.46 2.36 ~ 1.62 2.56 ~ 1.78 2.75 ~ 1.98 2.95 ~ 2.18

50% ~ 105% higher acceleration 

on -6% in respect to +6%



Å PSD providedby the GreekRegulationsis significantly higher than the required. On the other hand,the

AASHTO regulations,as they apply today (7th edition 2018), seemto provide very low values​​forthe

requiredovertakinglength. Values​​inthe 5th Edition (2004) of AASHTO appearto be morerealistic,while

600m proposedby theGermanRAL-2012guidelinesseemsto meetthe requirementsof a typical passenger

carfor therecommendedspeedof 90km/happliedin designclassEKL3.

Å The longitudinal slope of the road has a significant influence on the desiredvisibility threshold for

overtakingandshould be considered in determining the acceptable PSD limits in regulations.

Å Increasedaccelerationevenfor small vehiclesshouldleadto reconsiderthe conservativeassumptionsmade

in regulationscurrentlyusedin severalcountries. Fromtheprecedinganalysisit becomesapparentthateven

for a vehiclewith 100hp horsepower,therequiredovertakinglengthis significantlylower in manycasesthan

theminimumvalueprovidedby theGreek,US andGermanRegulations.

Å Vehicleswith higherhorsepowercansafelycompletetheovertakingprocedureof a slow-movingvehiclein a

shorterlength. Nevertheless,the presentanalysisshowsthat the reductionis relatively small, especiallyon

roadswith a low designspeed(lessthan60km/h).

Conclusions



Thank You 
for your attention!


