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B Background

Caltrans Asset Management applies Daily Person Hour Delay (DPHD) as the
performance measure for SHOPP Projects under Operational Improvement (Ol)

Program.

Auxiliary Lane — mostly popular Ol project type.

Challenge: HCM 7 methodology doesn’t reflect the reasonable speed improvement

for some auxiliary lane projects.

Study Objectives:
« Use real world auxiliary lane projects in California to review and compare HCM 7
methodology with NCHRP 07-26 model (Expected in HCM 7.1 updates).
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B Background

What is an Auxiliary Lane?

An Auxiliary Lane is a freeway lane added between
an entrance ramp (on-ramp) and an exit ramp
(off-ramp) to help vehicles merge, diverge, or
weave more smoothly.

It improves traffic flow and safety by providing drivers

more space to adjust their speed and merge into or
out of the main lanes of traffic.
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B HCS Analysis Using HCM 7 Method

To calculate the benefits (DPHD Savings) of freeway auxiliary Merge Segment

lane projects, traffic analysis are typically performed in HCS. = :
Highway Capacity Software (HCS) is a fraffic analysis software 500 7

that implements the methodologies from the Highway Capacity
Manual (HCM) to analyze freeway facilifies.

—_— p— —
The HCS results output the average speeds for the before & after = ==
(no build & build) scenarios. DPHD Savings can be calculated §
using the speed difference. ———— 1,500 t—
HCS Facility - No Build, Merge & Diverge HCS Facility - Build, Weaving Weaving Segment
Type Basic Merge Overlap Diverge Basic Type Basic Weaving Basic ] A eem—————. e
Length, ft 1660 18ee 5ee la6e 1060 Length, ft loeo 2580 1838 | o e e e e e ! e e e e e -—
Segment 1D 1 2 3 4 5 Segment ID 1 2 3 7‘ ---------------- { ;
Lanes 4 4 4 4 4 Lanes a 5 a4 -
e e O e /::' o "
---------------------------------------------- S00 ft 500 ft
=~ NS |
- N
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B HCS Analysis Results - Example Project

HCS Facility - No Build, Merge & Diverge Density and LOS improves but speeds decrease.

Segment 1: Basic NO BUlld Speed ReSU”S.
AP PHF fHV Vulu:':;ie}rved C?:;T:;:y Riiicn ?:?:[3 (Pchnmsim) LOs ° I\Aerge/o\/erlO p: 58.6 mph
1 092 0.971 5608 7200 0.78 648 288 D e Dive rge: 61.3 m p h
Segment 2: Merge arer
AP PHF fHV Volume Served Capacity dfc Speed Density Los ¢ TO TG | fo C l I ITy ‘ 62 ¢ 7 m p h
(pe/h) (pe/h) Ratio (mi/h) (pe/mi/ln)
F | R|F | R |Freoway | Romp |Freeway | Romp | F | R |_E_|Rin] £ | Rion Build (with aux lane improvement) Speed Results:
1 092 | 092 |0.971|0980| 6163 555 7200 2000 | 0.86 | 0.28 ‘ 58.6 ‘ 56.0 35.1 33.6 D . . ’
Segment 3: Overlap « Weaving section: §5.9 mph
AP PHF fHV Vulu:r';;ﬁmed c(a'f;cl:;y are ;Sn"’ue:rs (pchnmsim) Los e Total fGC|||'|'y_ 59.4 mph
1 0.92 0.971 6168 7200 0.86 586 35.1 E HCS Fa C"i‘l‘y — Build, Weqving
Segment 4: Diverge Segment 1: Basic
AP PHF fHV Volume Served Capacity dfc Speed Density LOs AP PHF fHV Volume Served Capacity d/c Speed Density LOS
(pe/h) (pc/h) Ratio (mi/h) (pe/mi/ln) (pc/h) (pe/h) Ratio (mi/h) (pe/mi/ln)
F R F R Freeway | Ramp | Freeway | Ramp F R F | R Infl. F R Infl. 1 092 0.971 5608 7200 0.78 64.8 28.8 D
1 092 | 092 | 0971|0980 6168 665 7200 2000 | 0.86 | 0.33 ‘ 61.3 ‘ 56.3 335 35.8 E Segment 2: Weaving
seg ment 5: Basic AP PHF fHV Volume Served Capacity df.c Sp.eed Dens.ity LosS
(pc/h) (pe/h) Ratio (mi/h) (pe/mifln)
AP PHF fHV Volume Served Capacity d/c Speed Density Los
(pe/h) (pe/h) Ratio (mi/h) (pe/mifln) 1 0.92 0.971 6159 9156 0.67 55.9 27.5 C
1 092 0971 5496 7200 076 654 280 D Segment 3: Basic
Facility Analysis Results AP PHF fHV \.Fulu::\’:jshe}rved C?:;ﬂ;:y Rdaiicn ?n'-’.?he; (Pchnmsii}:I):'] LOS
1 0.92 0.971 5496 7200 0.76 654 28.0 D
Facility Analysis Results
e | P | o [ | men [ | (e[, e | e o | mm S| L
! 1761 1620 294 7352 627 308 300 120 D 1 1789 1646 458 11439 59.4 278 257 130 D
Facility Overall Results Facility Overall Results
Space Mean Speed, mi/h 62.7 Average Density, veh/mi/In 300 Space Mean Speed, mi/h 59.4 Average Density, veh/mi/In 25.7
Average Travel Time, min 1.20 Average Density, pc/mi/in 30.8 Average Travel Time, min 1.30 Average Density, pc/mi/In 27.8
Total VMT, veh-mi/AP 1761 Total VHD, veh-h 2.94 Total VMT, veh-mi/AP 1789 Total VHD. veh-h 458
Vehicle Value of Time (VOT), $/h 25.00 Total Delay Cost, $ 73.52 Vehicle Value of Time (VOT), $/h 25.00 Total Delay Cost, § 114.39
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B HCS Analysis - HCM 7 Method Limitations

1. HCM Merge/Diverge and Weaving methods were developed through different
research:

« Merge/Diverge Segment Method - NCHRP 03-37 (1993)
« Weaving Segment Method - NCHRP 03-75 (2008)

2. Merge and diverge speed, flow, and density predictions come from separate
regression models, ignoring the Fundamental Speed-Flow-Density Relationships:

flow = speed x density

3. Merge/Diverge and Weaving Methods are outdated, with inaccurate capacity
and speed estimates.
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B NCHRP 07-26

1. New data collected from 121 sites across 9 states.

Use a consistent framework across merge, diverge, and weaving segments.
Consistent with the fundamental speed-flow-density relationship

Better speed and capacity predictions than previous HCM models

o M LD

Density at capacity reduced to 35 pc/mi/ln from previous values of 43 to 45 pc/mi/In

McTrans HCS 2025 Updates
MCJranS HCS v HSS v TSIS-CORSIM ~

New methods - Freeway Segments (HCM 7.1)

The Freeways module now includes updated

NCHRP —— methodologies for analyzing merge, diverge, and weaving
Research Report 1038 segments, based on the Highway Capacity Manual (HCM)
Updst o Highwey Capocity Momusi 7.1, NCHRP 07-26. These new methods introduce a
completely fresh approach to evaluating operations
within these configurations. One of the major changes in
the NCHRP report is the reduction of capacity density to
35 pc/mi/ln. With the latest version of HCS 2025, users
can choose between the HCM 7 or HCM 7.1

i —— methodologies for their analyses.
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B NCHRP 07-26 Spreadsheet Tool

NCHRP 07-26 Tool — No Build, Merge NCHRP 07-26 Tool - Build, Weaving

| NCHRP 07-26 Merge Segment Speed and Capacity Results | | NCHRP 07-26 Weaving Segment Speed and Capacity Results

|SPEED AND CAPACITY CALCULATIONS

BASIC SEGMENT |

LCer + 1 LCog + 1
NW,, + 17 * NW,, ¥ 1%
S, =min |5, 5, —« RE g R

)

&

G-

BASIC SEGMENT |
Breakpoint flow rate 1,200 peph Breakpoint flow rate 1,200 pcph
Capacity-- per lane 2,400 pephpl Capacity-- per lane (Ch) 2,400 pcphpl
Wolume to capacity ratio 0.86 Volume to capacity ratio 0.63
Speed at capacity 53.33 mph Speed at capacity (Sc) 53.33 mph
Space mean speed 61.55 mph Space mean speed- prevailing conditions (Sh) 68.86
MERGE SEGMENT |
Capacity -- per lane ---Density Based 1,960 pcphpl WEAVING SEGMENT |
HCMG6 Capacity Model 2,400 pcphpl Segment Typology Simple 1/1
HCMG6 volume to capacity ratio 0.86 Capacity -- per lane -Density Based (Cw) 2,020 pcphpl
HCM6 Capacity Model 2,389 hpl
Volume to Capacity (v/c) Ratio 1.048 Unreliable pacity : : - pepnp
Volume to Capacity Ratio 0.750
Speed at capacity 56.00 mph -
HCM v/c Ratio 0.634
Density at Capacity 35.00 pcpmpl .
. Speed at Capacity 57.71 mph
Speed Impedance due toMerging (SIM) 7.81 mph . .
Space mean speed 53.74 Unreliable Density at Capacity . 35.00 pepmel
Speed Impedance due to Weaving (SIW) 2.91 mph
Density 38.22 Unreliable Space Mean Speed- Prevailing Conditions (S 65.95 mph
Segment Density (Do) 22.96 pcpmpl
LEVEL OF SERVICE (LOS) F | Unreliable SEGMENT LEVEL OF SERVICE (LOS) C

[ e F = =
%_/ P
EONR| ™ ] i EONR = @ ~ EOFR

.'{',ll.
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Density, LOS and speeds all improve.

HCM 7 vs NCHRP 07-26
HCM 7 NCHRP 07-26

35.1 ->27.5  38.2->23.0
D->C F>C
58.6 > 559  53.7 ->66.0

Density
LOS
Speed

12



Ouvutline

1. Background

HCS Analysis Using HCM 7 Method

HCM 7 Limitations

NCHRP 07-26

. HCS and NCHRP Results and Comparisons

o o A W N

. Conclusions

CALTRANS | DIVISION OF TRAFFIC OPERATIONS



T
B Results and Comparisons
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3 Scenarios
« Existing Condition: 0.86 V/C
» Future Scenarios:
Volumes projected by growth factor
3 Methods for DPHD Calculations
« HCS: Facility — Total facility speed,
including basic segments

» HCS: Mid-segment — Gore to gore
section with Merge/Overlap/Diverge
and Weaving segments

* NCHRP - Use NCHRP 07-26 Spreadsheet
Tool for Merge/Diverge and Weaving.

Results

* The HCS: Mid-segment method have
negative benefits across all scenarios.

« When V/C >1, HCS: Facility has large
DPHD savings due to spill-back effect.

« NCHRP 07-26 has more reasonable
DPHD saving values linear to V/C ratios.

14



T
B Results and Comparisons

DPHD Saving for Different V/C Ratio DPHD Saving for Different V/C Ratio DPHD Saving for Different V/C Ratio
2-Lane Facility 3-Lane Facility 4-Lane Facility
160 200 200 °
140
120 8 150 150
L ]
g 100 £ 100 2
(%] w) (]
(] (m] ]
60
= a 50 2 50 L J
(=) =) = [ ]
40 °
20 ¢
0 0 ® N
0.85 09 0.95 1 1.05 11 °
-20 -50 50
v/C v/C V/C Ratio
@ HCS: Facility @ HCS: Mid-segment @ NCHRP @ HCS: Facility @ HCS: Mid-segment @ NCHRP @ HCS: Facility @ HCS: Midsegment  ® NCHRP

Analysis was conducted for 3 example projects in California. The results are similar:

« The HCS: Mid-segment method generally have negative benefits
(except 2-lane example, positive but small DPHD saving for 2 of the scenarios).

« When V/C >1, HCS: Facility has large DPHD savings due to spill-back effect.

* NCHRP 07-26 has more reasonable DPHD saving values linear to V/C ratios.
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B Conclusions

1. HCM 7 method generally does not provide a reasonable benefit (Speed
& DPHD Savings) for auxiliary lane projects, especially when V/C ratio <1.

2. The NCHRP 07-26 model provides more accurate and realistic results,
with consistency in speed-density relationship.

3. It isrecommended to apply the NCHRP 07-26 model to auxiliary lane
analysis.
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Thank you!

Questions?
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