Appendix H [Vision for the Valley]

Appendix H: HCS Reports

The Louis Berger Group, Inc. | March 3, 2011



Traffic Analysis Process Existing Baseline Future Baseline Near-Term Improvement Screening
2009 Base Conditions 2035 No Improvements * Ridge Road Improvements (2009)
Direction JRamp Junctions / Weaving Segments AM PM AM PM AM PM
Density Speed | Density Speed| Density Speed | Density Speed| Density Speed | Density Speed
(pc/mi/in) | LOS | (mph)| (pc/mi/in) | LOS | (mph) | (pc/mi/in) | LOS | (mph) | (pc/mi/in)| LOS | (mph) ] (pc/mi/ln)| LOS | (mph) | (pc/mi/ln)| LOS | (mph)
1-440 EB off-ramp to Ridge Rd 215 C -- 25.8 C -- 35.3 E -- 49.3 F -- 215 C -- 25.8 C --
§ 1-440 EB on-ramp from CVA extension -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
- 1-440 EB on-ramp from Glenwood WB 13.5 B 15.2 B 26.5 C -- 29.9 F -- 14.9 B -- 14.9 B --
ﬂ 1-440 EB weaving Ridge Rd on to Glenwood off 22.5 C 46.17 32.6 D 38.94 49.0 F 37.01 69.0 F 32.16 -- -- -- -- -- --
1-440 EB weaving Glenwood EB on to Glenwood off -- -- -- -- -- -- -- -- -- -- -- -- 26.9 C 49.8 35.1 E 46.28
1-440 WB off-ramp to Glenwood EB -- -- -- -- -- -- -- -- -- -- -- -- 27.5 C -- 19.3 B --
=) 1-440 WB off-ramp to Glenwood WB 16.3 B -- 14.1 A -- 28.5* D * -- 24.6 * C* -- 16.3 B -- 14.1 B --
5 1-440 WB off-ramp to Glenwood / CVA -- -- -- -- -- -- -- -- -- -- -- -- -- - - -- - -
o 1-440 WB on-ramp from CVA extension -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
= 1-440 WB on-ramp from Glenwood EB 32.6 D -- 27.1 C -- 64.7 F -- 46.6 F -- 33.0 D -- 27.5 C --
1-440 WB weaving Glenwood WB on to Glenwood EB off 31.4 D 47.09 20.4 C 50.37 68.4 F 37.79 433 F 41.44 . . . - . .
Traffic Analysis Process Long-Term Improvement Alternative Screening
2035 Creedmoor R%:Zai;zré%ngsgvnhout U-Turns on 2035 Lead Mine Flyover 2035 Crabtree Valley Ave (CVA) Extensions Zoe}it((:e\r@eft)i(:)in;logvf ;::%%v;tg;r;}:thdr)ade
Direction JRamp Junctions / Weaving Segments AM PM AM PM AM PM AM PM
Density Speed | Density Speed| Density Speed | Density Speed | Density Speed | Density Speed| Density Speed | Density Speed
(pc/mi/ln) LOS (mph) | (pc/mi/in) | LOS | (mph) | (pc/mi/in) [ LOS | (mph) | (pc/mi/in)| LOS | (mph) ] (pc/mi/in)| LOS | (mph) | (pc/mi/in)| LOS | (mph) | (pc/mi/in)| LOS | (mph) | (pc/mi/in)| LOS | (mph)
1-440 EB off-ramp to Ridge Rd 35.3 E - 49.3 F - 35.3 E -= 49.3 F - 24.6 C - 38.7 F - 24.6 C - 38.7 F -
§ 1-440 EB on-ramp from CVA extension -- -- -- -- -- -- -- -- -- -- -- -- 23.2 C -- 29.5 D -- 26.2 C -- 315 D --
- 1-440 EB on-ramp from Glenwood WB 26.5 C -- 29.9 F -- 26.5 C -- 29.9 F -- 28.9 D -- 324 F -- 28.9 D -- 32.3 F --
ﬁ 1-440 EB weaving Ridge Rd on to Glenwood off 49.0 F 37.01 69.0 F 32.16 49.0 F 37.01 69.0 F 32.16 -- -- -- -- -- -- -- -- -- -- -- --
[-440 EB weaving Glenwood EB on to Glenwood off -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
1-440 WB off-ramp to Glenwood EB - -- - -- -- - -- -- - -- -- - -- - - -- -- - - - - -- -- -
e I-440 WB off-ramp to Glenwood WB 28.5* D* -- 24.6* C* -- 28.5* D* -- 24.6* C* -- -- -- -- -- -- -- -- -- -- -- -- --
I 1-440 WB off-ramp to Glenwood / CVA -- -- -- -- -- -- -- -- -- -- -- -- 28.5 * D * -- 24.6 * Cc* -- 28.5 * D * -- 246 * Cc* --
m 1-440 WB on-ramp from CVA extension -- -- -- -- -- -- -- -- -- -- -- -- 38.3 F -- 33.9 D -- 37.3 F -- 31.2 D --
= 1-440 WB on-ramp from Glenwood EB 64.7 F -- 46.6 F -- 64.7 F -- 46.6 F -- -- -- -- -- -- -- 35.0 F -- 28.0 C --
[-440 WB weaving Glenwood WB on to Glenwood EB off 68.4 F 37.79 43.3 F 41.44 68.4 F 37.79 43.3 F 41.44 -- - - -- -- -- 30.8 C 34.87 28.8 C 35.73
. . Long-Term Improvement Phase Il
Traffic Analysis Process Long-Term Improvement Phase | P e T Long-Term Improvement Phase IlI
2035 CVA Extension to 1-440 (with a grade separation . 2035 CVA Extension to 1-440 and WB Glenwood Ave 2035 CVA Extension to 1-440, WB Glenwood Ave
at CVA and Blue Ridge Rd) 2035 CVA Extension to -440 and Creedmoor Rd SPUI Overpass Overpass, and Creedmoor Rd SPUI
Direction [Ramp Junctions / Weaving Segments AM PM AM PM AM PM AM PM
Density Speed | Density Speed| Density Speed| Density Speed] Density Speed | Density Speed| Density Speed| Density Speed
(pc/mi/ln) | LOS | (mph) [ (pc/mi/in) | LOS | (mph) | (pc/mi/in) | LOS | (mph) | (pc/mi/in) | LOS | (mph) | (pc/mi/in) | LOS | (mph) | (pc/mi/in) [ LOS | (mph) | (pc/mi/in) | LOS | (mph) | (pc/mi/in) | LOS | (mph)
1-440 EB off-ramp to Ridge Rd 24.6 C -- 38.7 F -- 24.6 C -- 38.7 F - 24.6 C - 38.7 F -- 24.6 C -- 38.7 F -
§ 1-440 EB on-ramp from CVA extension 26.2 C -- 315 D -- 26.2 C -- 31.5 D -- 26.2 C -- 315 D -- 26.2 C -- 315 D --
- 1-440 EB on-ramp from Glenwood WB 28.9 D -- 32.3 F -- 28.9 D -- 32.3 F -- 28.9 D -- 32.3 F -- 28.9 D -- 32.3 F --
ﬂ 1-440 EB weaving Ridge Rd on to Glenwood off -- -- - -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- - -- -- -- -- --
1-440 EB weaving Glenwood EB on to Glenwood off -- -- - -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- - -- -- -- -- --
1-440 WB off-ramp to Glenwood EB -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
= 1-440 WB off-ramp to Glenwood WB -- -- - -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- - -- -- -- -- --
b 1-440 WB off-ramp to Glenwood / CVA 28.5 * D * -- 24.6 * C* - 28.5* D * - 24.6 * C* - 28.5 * D * - 24.6 * C* -- 28.5* D * -- 24.6 * C* -
m 1-440 WB on-ramp from CVA extension 37.3 F - 31.2 D - 37.3 F -- 31.2 D - 37.3 F - 31.2 D - 37.3 F - 31.2 D -
= 1-440 WB on-ramp from Glenwood EB 35.0 F -- 28.0 C -- 35.0 F -- 28.0 C - 35.0 F - 28.0 C -- 35.0 F -- 28.0 C --
I-440 WB weaving Glenwood WB on to Glenwood EB off 30.8 C [3487 28.8 C |[3573 30.8 C | 3487 28.8 C |3573 36.0 D 33.3 38.0 F 33.3 36.0 D 333 | 41.9* F* [32.7*

* While the average densities are within acceptable ranges, the freeway through traffic demand, when separated from the off-ramp traffic, will exceed the capacity.
**An additional lane (third lane) on the WB C/D road may reduce the weaving segment density to 32.0 pc/mi/in (LOS D) with an average speed of 28.57 mph.
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RAMPS AND RAMP JUNCTIONS WORKSHEET
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RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Fresway/Dir of Travel EB [-440
Agency or Company WSP SELLS Junction Off-ramp to Ridge Rd
Date Performed 6/16/2010 Jurisdiction RaleighNCDOT/FHWA
Analysis Time Period AM Existing Analysis Year 2008
Project Description  Crabfree Valley
Inputs
Upstream Ad] Ramp Ferrain: Level Downstream Adj
Ramp
F"Yes [ On FYes I On
MNo [ Off "No I Off
Ly = ft Losn= 830 ft
Spp= 65.0mph Sgr= 650 mph
M. = vehfh Skelch  show lanes, Ly, Ly, Ve,V Vo= 303 vehh
Conversion to pe/h Under Base Conditions
(pcih) (Ve‘;mr) PHF Temain %Truck %RV frv fy = VIPHF xf, xf,
Fresway 3608 0.92 Love! 3 0 0.935 1.00 3978
Ramp 144 0.92 Leve! 2 0 0.990 1.00 158
UpStream
DownSiream 303 0.92 Level 2 0 0.990 1.0 333
Merge Areas Divarge Areas
Estimation of Vyo Estimation of v,
Vi = Ve (Ppry) Vig = Vg + Ve - VR)Prp
Leg ™ (Equation 25-2 or 25-3) eq = {Equation 25-8 or 25-9)
Pey = using Equation {Exhibit 25-5} Pen = 0.653 using Equation (Exhibit 25-12)
V., = pcih Yy, = 2654 pch
Vs 07 Vs pc/h (Equation 25-4 or 25-5) Vs OF Vi 1324 pe/h (Equation 25-15 or 25-16)
ls Vy0rV, .0 > 2,700 p6M? 1™ Yas [ No lsVaorV ., > 2,700 pch? [ Yes I No
IsVaorVy e > 18" V2 I Yes [ No [3Va0rV, s> 15" Vf2 I Yas I No
fif Yes,Vp, = pe/h (Equation 26-8) I Yes,V,y, = pcih (Equation 25-18)
|Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Ve 3078 Exhiblt 25-14] 7050 No
Vo Exhibit 25-7 Veo = Ve=Ve| 3820 Exhibit 25-14] 7050 Ne
Vi 158 Exhiblt 25-3 2200 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirgble Violation?
Viie Exhiblt 25-7| Vi, 2354 Exhibit 25-14 | 4400:1 No
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475 + 0.00734 v  + 0.0078 V,, - 0.00827 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,y
O = (pe/mifin) D= 215 (pe/mifin}
LOS = {Exhibit 25-4) LGS = € (Exhibit 25-4)
Speed Determination Speed Determination
M= (Exibit 25-19) 0,= 0052 (Exhibit 25-19)
Sp=  mph (Exhibit 25-19) S=  63.8 mph (Exhibit 25-19)
S;=  mph (Exhibit 25-19) S 700 mph (Exhibit 25-19)
S = mph {Exhibit 25-14) S = 65.7 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET
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RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Fresway/Dir of Travel [-440 EB
igency or Company WSP SELLS Junction Glenwood Ave WB on-ramp
Date Performed 611612010 Jurisdiction Raleigh™NCDOT/FHWA
IAnalysis Time Period AM Existing Analysls Year 2009
Project Description  Crabires Valley
Inpts
Upstream Ad) Ramp Terrain: Level Downstream Adj
=y O Remp
v Yeas v On
MYes T On
™ No I~ off 7 No ™ off
L= 1300 ft Foon= Mt
Spp= 65.0mph 8y = 45.0 mph
Vo= 1397 vehrh Skelch { show lanes, Ly, LoV ¥y Vo= vehh
Conversion to pc/h Under Base Conditions
{pem) Wi e\r/m A PHF Terrain %Truck %Ry fov f v = VIPHF x fiy, x £,
Freeway 4344 0.82 Level 3 0 0.985 1.00 4793
Ramp 309 0.92 Level 2 (1] 0.990 1.00 339
UpStream 1307 0.82 Level 2 0 0.990 1.00 1534
DownStream
Merge Areas Diverge Argas
Estimation of v, Estimation of v,
Vi, =V (P -
n 2 F('FM) Vi = Vg + (Ve - VR)Pgp
(a” (Equation 262 0r26:3) Leq ™ (Equation 25-8 or 25-9)
Pen = 0.175 using Equation (Exhibit 25-5) P = using Equation (Exhibit 25-12)
Vi, = 841 po/h V,, = pc/h
v, orV, é‘;m pe/h (Equation 25-4 or 25- V01V, 4 poh (Equation 25-15 or 25-16)
Is V, 01V, 4, > 2,700 ph? [~ Yes [ No ls V3 0r Vo > 700 p&? [~ Yes I No
IV, 01 V00> 15° V2 7 Yes [~ No I8V 0 Vo> 18 °Vif2 T Yes T7 No
If Yes,Vy5, = 1917 pcfh (Equation 25-8) {if Yes,Vyp, = pe/h (Equation 25-18)
Capacity Checks Capacity Checks
Aclual Capacity LOSF? Actual Capacity LOS F?
Ve Exhibit 25-14
Veo 5132 Exhibit 25-7 No Veg = Ve -V Exhibit 25-14
A Exibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Violation? Actual Max Desirable Viplation?
Vaiz 2256 Exh1b1125-7| 4600 No Vs Exhibit 25-14 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dy = 5475 +0.00734 v o +0.0078 V,, - 0.00627 L, Dp = 4.252 + 0.0086 V,, - 0.009 L,
g = 13.5 {pe/mifin) D= (pc/mifin)
LOS= B (Exhibit 25-4) L0S=  (Exhibit 25-4)
Speed Determination Speed Determination
M= 0.223 (Exibit 25-19) D,=  (Exhibit 25-19)
Sz=  59.9 mph (Exhibil 25-19) Sg=  mph (Exhibit 25-19)
Se= 616 mph (Exhici 25-19) Sg=  mph (Exhibit 25-19)
5= £0.8 mph (Exhibit 25-14) S = mph (Exhibit 25-15)
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FREEWAY WEAVING WORKSHEET Page 1 of 1

FREEWAY WEAVING WORKSHEET

General Information Site Information

Analyst Carofine Kona FreewayfDir of Travel I-440 EB

Agency/Company WSP SELLS Weaving Seg Location Ridge Rd on to Glenwood off
Date Performed 61612010 Wurisdiction Raleigh/NCDOT/FHWA
Analysls Time Period AM existing Analysis Year 2009

Inputs

Freeu{ay free-flow spead, S (mi) 65 Weaving type A

[Weaving number of fanes, N 4 Volume raio, VR 0.30

Weaving seg length, L (ft) 700 Weaving raflo, R 0.97

Terraln Level

Converslons to pc/h Under Base Conditions

(pci) v PHF Truck % RV % Ey Ex fur fo v
Vo1 2644 0.92 3 0 1.5 1.2 0.985 1.00 27
Voo 0 0.92 2 0 1.5 1.2 0.990 1.00 0
V.1 818 092 2 0 1.5 1.2 0.990 1.00 898
Vo 303 0.92 2 ] 15 1.2 0.890 1.00 332
V., 1230 Vo 217
\V 4147
Weaving and Non-Weaving Speeds

Unconstrained Consiralned
Weaving (i = w) Non-Weaving (i = nw) Weaving (i = w) Non-Weaving { = nw)

a (Exhibit 24-6) 015 0.0035

b (Exhibit 24-6) 2.20 4.00

c (Exhibit 24-6) 0.97 1.30

d {Exhibit 24-6) 0.80 0.75

Weaving Intensity factor, Wi 118 (.61

[Weaving and non-weavi

bpeote s ) 4018 49.27

Number of lanes required for unconstrained operation, Nw 1.36

Maximum number of lanes, Nw {max} 1.40

[ If Nw < Nw(max) unceasirained operation I if Nw > Nw (max) constrained operation

Weaving Segment Speed, Density, Level of Service, and Capacity

Weaving segment speed, S {mifa) 4617

Weaving segment densily, D {pc/mifin) 22.46

Lovel of service, LOS C

Capagity of base condition, ¢, {pefh) 6517

Capacity as a 15-minule flow rate, ¢ (veh/h) 6421

Capacity as afull-hour volume, ¢, (vehih) 5907

Notes

I:Ja. Wgaving segments longer than 2500 ft. are treated as Isolaled marge and diverge areas using the procedures of Chapter 25, "-Ramps and Ramp
bf’%{;p?;é& constrained by basle freeway capacity.

c. Capacily occurs under constrained operating conditions.

. L{:raelane Type A segments do not operate well at voluma ratios greater than 0.45, Poor oparations and some local queuing are expected in

Cases.

F&lgﬁur-lans Type A segments do not operate well at voluma ratios greater than 0.35. Poor cperations and some local queuing are expected in
SUCH CASGs,

f, Capacity constrained by maximum allowabls weaving flow rate: 2,800 pe/h (Type A), 4,000 (Typs B}, 3,500 (Type C).

g. Five-lane Type A segments do not operate well at volume ratios greater than 0.20. Poor operations and some local qusuing are expected in such
Cases,

h. Type B weaving ssgments do not cperate well at volume ratios greater than 0.80. Poor operations and some local queulng are expacted in such
CASeS,

i. Type C weaving segments do not operate well at volume ratios greater than 0.50. Poor opsratlons and some local queuing are sxpected In such
[cases.
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of {

RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information Site Information
Analyst Carofine Kone Freaway/Dir of Travel 1-440 WB

Agency or Company WSP SELLS Junction off-ramp to Glenwood WB

Date Performed 6/16/2010 Jurisdiction Raleigh™NCDOTFHWA

Analysls Time Period AM Existing Anzlysls Year 2009

Project Description  Crbatree Valley

inputs

Upsiream Adj Ramp Terrain: Level Downstream Adj
- - Ramp

Yes On
MYes [ On
"No [ Off FNo [ Off
o ! S .= 65.0 mpn Sen= 450 o™ 1
ge= 65.0mp Fr= 45.0mph _
V. = vehh Sketch ( show lanes, Ly, Lo,Va, V) R

|Conversion to pc/h Under Base Conditions

I8 V01V, > 2700 peh? T~ Yes I~ No
sVa0rV, 0> 18"V ,2 T Yes I No

(peih) o e‘,’ﬂhn PHF Tarrain %Tuck | %Ry foy f, = VIPHF xfyy 1,
Freaway 6786 0.92 Level 3 0 0.985 1.00 7487
Ramp 0 0.92 Level 2 0 0.980 1.00 0
UoStream
DownStream

Merge Areas Diverge Areas
Estimation of vy, Estimation of v,
Viz= Ve (Pry) Vig = Vi + (Vi - V)Prp T

Leg = L = (Equation 25-8 or 2597
Pey = Pro = 0.260 usj quation (Exhibit 25-12)
V12 Vi = pcih
[V OF Viuny pc/h (Equation 25-4 or 257 [V, 0rV, 0y 2218 pe/h (Equation 25-15 or 25-16)

was” S700 pei? [~ Yes |+ No

VooV o> 15*V2 ¥ Yes 7 No
IF'Yes,Visz= 2398 pe/h {Equation 25-18)

I Yes,Vy,, = pcih (Equation 25-8)
Capacity Checks Capacity Checks
Actual Capagity LOS F? Actual™] Capacity LOSF?
/ Ve 5600  |Exhibitesd4] 9400 No
Vo Exhibit 25-7 Veg =Vp=Va| 5900  [Exhibit25-14 \91&30\ No
/ A 0 Bbt253 | 4100 | No-._
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirabls Violation?
L/ Exhioit 25-7| A 1857 Exhlbit 25-14 | 4400:A1 No

Level of Service Determination (if not F)

Level of Service Determination (if not F)

Dg = 5475 +0.00734 v , + 0.0078 V, , - 0.00627 L,

D = 4:252-+6:0006-¥;~6:009+, 0-0109 Vp

Or= (pc/mifin) De=  Hek(po/mifin) 16 32, N
[0S=  (Exhibit 25-4) LOS= B (Exhibit 25-4)
Speed Determination Speed Determination

Mg=  (Exibit 25-19)

= mph {Exhibit 25-19)
0= mph (Exhibit 25-19)
= mph (Exhibit 25-14)

D= 0.298 (Exhibit 25-19)

8= 58.1 mph (Exhibit 25-19)
= 68.2mph (Exhibit 25-19)
S= 638 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Fresway/Dir of Travel 1-440 WB
Agency or Company WGP SELLS Junction on-ramp from Glenwood EB
Date Performed 6/16/2010 Jurisgiction RaleighNCDOTFHWA
Analysls Time Period A Existing Analysis Year 2009
Project Description  Crabtrea Valley
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
P - Ramp
v Yes On
"Yes I On
"No I Off MNo I Off
Lp= 1500 ft Fon ™
8= 65.0mph S.,= 45.0mph
V= FF Fr Vp = vehh
w= 851 vehih Sketch ( show laries, L, LoV, V9 D
Conversion to pc/h Under Base Conditions
{pcin) v e\rlufhr} PHF Terrain %Truck %Ry fiv fs v = VIPHF X fig, x £
Freeway 4712 0.92 Level 3 0 0.985 1.00 5199
Ramp 1043 0.92 Level 2 ] 0.980 1.00 1145
UpStream 651 0.92 Lavel 2 0 0.980 1.00 715
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
=V =
Vig= Ve (Pey) . Vo= Vg + (Ve - V)P
teq® 1673.10 (Equation 25-2 or 25-3) Lo = (Equation 25-8 or 25-9)
Prig = 0.589 using Equation (Exhibit 25-5) P = using Equation (Exhibit 25-12)
oy = 30684 po/h _ Vyp = pcih
IV, 0 Vi ,25;35 pe/h (Equation 25-4 or 25- Va0V, a0 po/h (Equation 25-15 or 25-16)
Is V3 or Va\f,M > 2,700 pCJh? I Yes I No s V3 or Vﬂ'\'34 > 2,700 prh'? " Yes [~ No
ISV 0r Vs> 154 Vis2 T Yes I No I5Vy0rVos > 15 V2 T~ Yes I No
If Yes,V, 5, = pe/h (Equation 26-8) If Yes,Vy,, = pefh (Equation 25-18)
Capacity Checks Capacity Checks
Actual Qapacily LOS F? Actual Capacity LOSF?
Ve Exhibit 25-14
Veg 6344 [Exhivit25-7 No  |Veo=Ve-Vy Exhibit 25-14
Vi Exhioit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Iax Deslrable Violation? Aclual iax Deslrable Violation?
Viga 4200 [Exnibios7] 4600 No Vi, Exhibit 25-14 |
Level of Service Determination (if not F) Level of Service Determination {if not F)
Dg = 5,475 +0.00734 v  +0.0078 V,, - 0.00827 L, Dy = 4.252 +0.0086 V,, - 0.009 L,
Op = 32.6 {pc/mifin) Dp=  (po/mifin)
LOS = D (Exhibit 25-4) 0S= (Exhibit 25-4}
Speed Determination Speed Determination
Mg= 0510 (Exibit 25-19) Dg=  (Exhibit 25-19)
Se=  53.3 mph (Exhibil 25-19) Sp= mph (Exhibit 25-19)
S 59.1 mph (Exhibit 25-19) 5= mph (Exhibit 25-19)
S = 55.1 mph (Exhibit 25-14) S = mph (Exhibit 25-15)
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FREEWAY WEAVING WORKSHEET Page 1 of |

FREEWAY WEAVING WORKSHEET
General Information Site Information
Analyst Caroline Kone Freeway/Dir of Travel [-440 WB
Agency/Company WSP SELLS \Weaving Seg Location Glenwood WB to Glenwood EB
Date Performed 6/16/2010 Lurisdiction Raleigh/NCDOT/FHWA
Analysis Time Peried AM Existing Analysis Year 2009
Inputs
Free\nfay free-flow speed, S, (mifh) 65 Weaving type A
‘eaving number of lanes, N 4 Volume ralio, VR 0.14
'eaving seg length, L (ft) 630 Weaving ratio, R 0.14
Terrain Level
Conversions to pc/h Under Base Conditions
peh) v PHF Truck % RV % E: Eg fy fo v
[Vt 4608 0.92 3 0 1.5 1.2 0.985 1.00 5083
Voo 0 0.92 2 0 1.5 1.2 0.890 1.00 0
V.t 651 0.92 2 0 1.6 1.2 0.990 1.00 714
Voo 104 0.92 2 0 15 1.2 0.990 1.00 114
V., 828 Vo 5083
V 5911
Weaving and Non-Weaving Speeds
Unconstrained Constrained
Weaving (i = w) Non-Weaving {f = nw) Weaving (i = w) Non-Weaving [ = nw}
a (Exniblt 24-6) 0.15 0.0035
b (Exhibit 24-6} 2.20 4.00
s {Exhibit 24-6) 0.87 1,30
i (Exhibit 24-8) 0.80 0.75
Weaving Intensity factor, Wi 137 0.62
[Weaving and nen-weaving
Number of lanes required for unconstrained operation, Nw 0.88
Waximum number of fanes, Nw (max) 140
I 1f Nw < Nw{max) unconstrained operation [ if Nw > Nw (max) constrained operation
Weaving Segment Speed, Density, Level of Service, and Capacity
|Weaving segment speed, S (mith) 47.09
Weaving segment density, D (po/mifin) 31.38
Level of service, LOS D
Capacily of base condition, ¢, (pe/h) 7302 |
|
Capacily as a 15-minute flow rate, ¢ (veh/h) 1283
Capacily as a full-hour volume, ¢, {vehfh) 6700
Notes
j. Wﬁaving segments longer than 2500 #t. are treated as isclated merge and diverge areas using the precedurss of Chapler 25, "Ramps and Ramp
unctions”".
b. Capacity constrained by baslc freeway capacity.
2 Capacity ceeurs under constrained operaiing conditions.
d. !}l:ree-lane Type A segments do not operale well at volume ratios greater than 0.45. Poor operations and some local gueuing are expected in
cases,
:Igc:ur-!ane Type A segments do not oparate well at volume ratios greater than 0,35, Peor opearations and some local queuing are expected In
fs.uCapc:cisgsi:onstralned by maximum allowable weaving flow rate: 2,800 pe/h {Type A}, 4,000 (Type B), 3,500 (Type C).
. Five-lane Type A segments do not operate wall at volume raties greater than 0.20. Poor operations and some focal queuing are expected In such
5,
ﬁi’e;pe B weaving segments do not operate we!l at voluma ratios greater than 0.80. Poor operations and some local queuing are expected in such
5a8§,
faType G weaving segments do not operate well at velume ratios greater than 0.50. Poor operations and some local queuing are expected in such
[Sa5Ee3,
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RAMPS AND RAMP JUNCTIONS WORKSHEET Page 1 of 1

RANPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Freeway/Dir of Travel [440 EB
Agency or Company WSP SELLS Junction off-ramp to Ridge Rd
Date Performed 6/16/2010 Jurisdiction RaleighMNCDOTFHWA
Analysis Time Pericd P Existing Analysis Year 2009
Project Description  Crablres Valley
Inputs
Upsiream Adj Ramp Tertain: Level Downstream Adj
- I Ramp
Yes On
Yes I¥On
MNo I Off MNo 1 O
L= ft —— 830 ft
Spe= 65.0 mph Sgr= 45.0 mph L/ =
Vo= vehh Skeleh ( showlanes, Ly, Lo Ve V) p= 28 vehih
Conversion to pc/h Under Base Conditions
{pefh) (Ve\r{fhr} PHF Terraln Y6Truck %Ry fov fa v = VIPHF x fio, x £,
Freeway 4455 0.92 Level 3 0 0.985 1.00 4915
Ramp 143 0.92 Level 2 0 0.990 1.00 157
UpStream
DowmStream 298 0.92 Level 2 ¢ 0.890 1,00 327
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig= Ve (Pey) Vig =V + (Ve - VR)Prp
Lea ™ (Equation 258-2 or 25-3) Leq = {Equaticn 25-8 or 25-9)
Prg = using Equation (Exhibit 25-5) Pep = 0.630 using Equation (Exhibit 25-12)
Uiz = pcih V12 = 3154 pofh
40TV pc/h (Equation 25-4 or 25-5) Va0rVo 1761 pcih (Equation 25-15 or 25-16)
|5V, 07 V34> 2700 peh? I~ Yes I No ' ls VyorV, ., > 2700 pei? I~ Yas ¥ No
BV,0rV > 18"V T Yes [ No lsVa0rV,a > 15*V 2 ™ Yes F No
IfYes,V,, = pc/h (Equation 25-8) IFYes,V,,, = pc/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacily LOSF? Actual Capacity LOSF?
Ve 4915 Exhibit 25-14] 7050 No
Vro Exhibit 25-7 Ve =Ve-Vg| 4758 Exhibit25-14] 7050 No
Vg 157 Exhibit25-3 | 2100 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
VRia Exhibit 25-7| Vig 3154 Exhiblt 25-14 I 4400:Al No
Level of Service Determination (if not F) ILevel of Service Determination (if not F)
Dy, = 5475 + 0.00734 v ,, +0.0078 V,, - 0.00627 L, Dg =4.252 +0.0086 V,, - 0.008 1,
Dg = (pc/mifin) Dp= 258 (pe/mifin)
LOS = (Exhibit 25-4) LOS = C (Exhibil 25-4)
Speed Determination Speed Deformination
Mg=  (Exibit 25-19) D.= 0312 (Exhibit 25-19)
Sz=  mph (Exhibit 25-19) Sg=  57.8 mph (Exhibit 25-19)
) mph {Exhibit 25-19) S¢= 68.3 mph {Exhibit 25-19)
= mph (Exhibit 25-14) S = 61.2 mph {Exhibit 25-15)
Copyright © 2010 University of Florida, All Rights Resesved HCS+™ Varslon 6.6 Generaled: 7/21/2010  10:37 AM
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page [ of |

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone FreewayfDir of Travel [-440 EB
Agency or Company WSP SELLS Junction on-ramp from Glenwood WB
Date Performed 6/16/2010 Jurisdiction Ralelgh/NCDOT/IFHWA
Analysis Time Period PM Existing Analysis Year 2009
Project Desceription  Crabtree Valley
Inputs
Upstream Adj Ramp Terraln: Leval Downstream Adj
Ramp
Yes [¥On Fves I On
" No I Off ¥ No [~ off
L™ 1300 ft Liom= Tt
Spp= 65.0mph Sgp= 45.0mph
Vu= 1508 vehih Sketeh ( show lanes, L, L,V V) Vo= vehh
Conversion to pc/h Under Base Conditiohs
(pel) vy | PIF Terraln wiwok | WRY | fy £, = VIPHF xfy X,
Fregway 4907 0.92 Lavel 3 0 0.985 1.00 5414
Ramp 276 0.92 Lavel 2 0 0.990 1.00 303
UpStream 1598 .92 Lavel 2 0 0.990 1.00 1754
DownStream
Merge Areas Diverge Arcas
|Estimation of v, Estimation of v,,
Vig= Ve (Pey) Vip = Vg + (V- VR)Pep
teQ® {Equation 25-2 or 25-3) (eq = (Equation 25-8 or 25-9)
PFM = 0.180 wusing Equation (Exhibit 25-5) PFD = using Equation (Exhibit 25_12)
Vo = 974 pch Vi, = pcih
V0V o ‘2520 po/h (Equation 25-4 or 25- M, 07 Vi peih (Equation 25-15 or 25-16)
I8V, 0 V> 2700 pe? ™ Yes " No Is V3 0r Vo4 > 2700 p? [ Yes [~ No
5V, 0rV, 5> 15 V.2 [+ Yes T~ No IsVy0rVos,> 15" V2 I~ Yes [ No
I Yos,V,, = 2165 pe/h (Equation 25-8) FYes Vg, = pe/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Aclual Capacity LOSF?
Ve Exhibit 25-14
Vio 5717 | Exhibit 25-7 No  [Vig=Ve-Vy Exhibit 25-14
Ve Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirablg Violation? Actual Max Desirable Violation?
Vo 2468 |Exhibit257]  4600:A No vy, Extibit 2515 |
Level of Service Determination (if not F) Level of Service Determination (Iif hot F)
Dy = 5475 +0.00734 v o + 0.0078 V., - 0.00627 L, Dp = 4.252 + 0.0086 V,, - 0.009 Ly,
Dp = 15.2 (pefmifin) De=  (po/miftn
LOS = B (Exhlbit 25-4) LOS = (Exhibit 25-4)
Speed Determination Speed Determination
(M= 0.232 (Exitit 25-19) 0,2 (Exhibit25-19)
Se=  59.7 mph (Exhibit 25-19) Sg=  mph {Exhibit 25-19)
S, 61.0 mph (Exhiblt 25-19) S=  mph {Exhibit 25-19)
S = 60.4 mph (Exhlbit 25-14) S= mph (Exhibit 25-15)

Copyright @ 201G University of Florlda, All Rights Reserved

HCS+™ Verslon 5.5

file://C:\Documents and Settings\USAP04185\L.ocal Settings\Temp\r2kA59.tmp

Generaled: 7/21/2010 10:38 AM

7/21/2010



FREEWAY WEAVING WORKSHEET

FREEWAY WEAVING WORKSHEET

General Information Site Information
Analyst Caroline Kone Fresway/Olr of Travel 440 EB
Agency/Company WSP SELLS \Weaving Seg Location Ridge Rd on to Glenwood off
Dats Performed 6/16/2010 Durisdiction Raleigh/NCDOT/FHWA
Analysis Time Peried PM Existing Analysis Year 2009
linputs
Freeway free-flow speed, Sy (mif) 85 \Weaving & A
Weaving number of l2nes, N 4 Vjﬁ;gg}aéﬂfm 0.35
Weaving seg length, L (ft) 700 Weaving rallo, R 0.19
Terrain Leve!
Conversions to pc/h Under Base Conditions
(o) v PHF Truck % RV% Eq En fy fo ¥
Vs 3011 0.92 3 0 1.5 1.2 0.985 1.00 3321
Voo 0 0.92 2 0 15 12 0.990 1.00 0
Vit 1301 0.92 2 0 15 1.2 0.990 1,00 1428
Vo 298 0.92 2 0 15 1.2 0.960 1.00 327
Vi 1755 Vo 3329
V 5076
Weaving and Non-Weaving Speeds
Uncenstrained Constrained

Weaving (i =w) Non-Weaving (i = nw) Weaving (i=w) Non-Weaving { = nw)
a (Exhibit 24-6) 0.35 0.0020
b (Exhibit 24-6) 2.20 4,00
c [Exhibit 24-6) 0.97 1,30
d (Exhibit 24-6) 0.80 0.75
Weaving inlansity factor, Wi 3.65 0.52
Weaving and non-weavi
boceds Sy~ 26,63 51,44
Number of lanas required for unconstrained operation, Nw 1.65
Maximum number of lanes, Nw (max} 1,40

I™ If Nw < Nw{max) unconsirained operaticn I¥" if Nw > Nw (max) constrained operation
Weaving Segment Speed, Density, Level of Service, and Capacity

Weaving segment speed, S (mifh) 38.94

Weaving segment density, D (pe/mifin) 32.59

Level of service, LOS D

(Capacity of base condition, ¢, (poh) 6198
Capacity as a 15-minute flow rate, ¢ (vehih) 6106
Capacity as a full-hour volume, ¢, {veh/h) 5518

INotes

fa. Weaving segments longer than 2500 ft. are treated as Isolated merge and diverge areas using the procedures of Chapter 25, "Ramps and Ramp
LJunctions™,

b, Capacity constrained by basic freeway capacity,

c. Capacity occurs under constrained operating conditions.

d. Three-lane Type A segments do not operate well at volume ratios greater than .45, Poor operations and some local queving are expected in
such cases,

le. Four-lane Type A segments do not operate well at volume ratios greater than 0.35. Poor cperations and gome local queving are expected in
[such cases.

. Capacity constrained by maximum allowabla weaving flow rate: 2,800 pe/h (Type A}, 4,000 (Type B), 3,500 (Typa C).

lg. Five-fane Type A segments do not oparats well at volume ratios greater than 0.20, Poor operatlons and some local queulng are expected in such
jcases.

h. Type B weaving segmenis do not operate well at volume ratios greater than 0.80. Poor operations and some local queuing ara expected in such
Cases.

i. Type C weaving segments do not operate well at volume ratios greater than 0.50. Poor operations and some local queting are expected In such
jcases.

Page 1 of |
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RAMPS AND RAMP JUNCTIONS WORKSHEET Page 1 of |

RAMPS AND RAMP JUNCTIONS WORKSHEET
|General Information Site Information
Analyst G Teng Freeway/Dir of Travel 1440 W8
Agency or Company WSP SELLS Junction off-ramp o Glenwood WB
Date Performed 6/16/2010 Jurisdiction RalelghMCDOT/FHWA
Analysls Time Period P Existing Analyss Year 2009
Project Dascription  Crablres Valley
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
~ ~ Ramp
Yes On MYes [ On
Mo [ Off FNo I Off
Lup = ft dem F ft
Sgp= 650 mph Spr= 45.0mph
Vo= vehh Sketch { showlanes, Ly, LoV V) Vo= vehh
Conversion to pc/h Under Base Conditions
{pe) (Ve\r(.'h a | e Terrain %Truck %Ry oy f, = VIPHF xfi x1,
Fresway 5850 0.92 Level 3 0 0.985 1.00 8454
Ramp 0 0.92 Lavel 2 0 0.9%0 1.00 0
LpStream
DownStream
Merge Areas Diverge Areas
Estiz@ion of vy, Estimation of v, -
Vig= Ve (Pry) Vig = Vg + (Ve - VRIP
Lo = uation 25-2 or 25-3) Leq = (Equation 26<8 or 25-9)
Peyt = using ion {Exhibit 25-5) Pep = using Equation (Exhluit 25-12)
V= polh Vi 1426 peih
Va 07 Vg pc/h (Equation 25-4 or 25+ VaorV, 2030 peo/h (Equation 25-15 or 25-16)
18 V5 0r V00 > 2700 peh? T~ Yes I No 307 V0, > 2700 p6M? T Yas M No
IsVy0rV, . > 15* V2 ™ Yes [ No 5V,0rV,.,>15*V,2 ¥ Yes [ No
If Yos,V,,, = pe/h (Equation 25-8) If Yes Wiz 2194 pc/h (Equation 25-18)
Capacity Checks Capacity Cheeks
Aciual Capaclty LOSF? Actual—l_ Capacity LOSF?
Vi 5486 Exhi 14| 2400 No
V/ Exhibit 25-7 Vo =Ve-Vo| 5486 [Exnibit2s-14| “edon | wo
Vi 0 Exhibit25-3 | 4100  [“Ne
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Deslrable Violation? Actual Wax Desirable Violation?
Vo Exhibit 25-7 Vi, 1426 Exhibit 25-14 | 4400:Al No

Level of Service Determination (if not F)

Level of Service Determination {if not F)

Dg =5.475 +0.00734 v 5 + 0.0078 V,, - 0.00627 L, Dg = 4:262-+0:0086-Vy-0.000L;  0-0109 VF
Dr = (pe/mifln) Dp= &6 (po/mifn) 1407 N
LOS=  (Exhibit 25-4) . LOS= A (Exhibit 25-4)

Speed Determination Speed Determination
Mg=  (Exibit 25-19) D, = 0.298 (Exhibit 25-19)
Se=  mph (Exhibit 25-19) Sp=  58.1 mph (Exhibit 25-19)
S;°  mph (Exhibit 25-19) S°  68.8 mph (Exhibit 25-19)
S=  mph (Exhibit 25-14) S= 4.1 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kane Freaway/Dir of Travel 1-440 WB
Agency or Company WGEP SELLS Junction on-ramp from Glenwood EB
Date Performed 6/16/2010 Jursdiction RalelghMCDOT/FHWA
Analysis Time Period PM Existing Analysls Year 2009
Project Description  Crablres Valley
inputs
Upstream Adj Ramp Terraln: Level Downstream Adj
7 Fo Ramp
v
Yes n F"Yes [7On
I"No I Off FNo [ Of
Lo ™ 1500 ft bgoun=
Spp= 65.0mph Spp= 450 mph
Vi = 556 veh/h Sketeh ( show lanes, Ly, L, Ve,V Mo = veh/h
iConversion to pc/h Under Base Conditions
{pch) (Ve\t;,!hr) PHF Terrain %Truck %Ry frov f,  |v= VIPHF x fiy, x
Freaway 3167 0.92 Level 3 0 0.985 1,00 3494
Ramp 1288 0.92 Level 2 )l 0.880 1.00 1415
UpStream 556 0.92 Level 2 0 0.980 1.00 610
DownStream
Merae Areas Diverge Areas
Estimation of v, Estimation of v,
i Vi2= Ve (Pry) . Vo= Vi o+ (Ve - VR)Pep
Leq = 1366.01 (Equation 25-2 or 25-3) (eo ™ (Equation 25-8 or 25-9)
Pen = 0.600 using Equation {Exhibit 25-5) P = using Equation (Exhibit 25-12)
Vi = 2098 peih V= pefh
A 151;96 pefh (Equation 25-4 or 25- V,0rV, 0, po/ (Equation 25-15 or 25-16)
18V, 0rV, 5, > 2,700 pei? [~ Yes I No 15 V3 0r Vo0 > 2700 pn? 1™ Yes T~ No
ISVSOTVM4>1.5*V121‘2 ™ Yes * No |SV30TV3\,34>1-5*V12,2 { Yes 7 No
it Yes,v,,, = pch (Equation 25-8) IfYes,Vyy, = pc/h (Equation 26-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Vi Extlbit 25-14
Veo 4909 | Exnivie 257 No  {Veo=Ve-Vg Exhlbit 25-14
Vi Exhibl{ 25-3
Flow Entering Merge Influence Area Flow Entering Diverge influence Area
Actual Max Desirable Violatlon? Actual Max Deslrablg Violation?
Vaia 313 |Exmbit2s7|  ds00:al No Vi, Exhiit 2514 |
Level of Service Determination (if not F) Leovel of Service Defermination (if not F)
Dg = 5.475 +0.00734 v o + 0.0078 V,, - 0.00627 L, Dy = 4.252 + 0.0086 V,, - 0.009 L
Dp = 27.1 {pc/mifin) Dr=  (pc/mifln)
L0S = C (Exhibit 25-4) 0SS = (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  0.378 (Exibit 25-19) D= (Exhibit25-18)
S.= 56,3 mph (Exhibit 25-19) Se=  mph (Exhibit 25-19)
S;=  61.8 mph (Exhibit 25-19) S;=  mph (Exhiblt25-19)
5= 5§7.8 mph (Exhibit 25-14) 5 = mph {Exhibit 25-15)

Copyright © 2010 University of Florida, Al Rights Reserved

HCS+™ version 5.5

file://C:\Documents and Settings\USAP04185\Local Settings\Temp\r2kA61.tmp

Generated: 7/21/2010  10:40 AM

7/21/2010



FREEWAY WEAVING WORKSHEET Page 1 of |

FREEWAY WEAVING WORKSHEET
General Information Site Information
Analyst Caroline Kene Freeway/Dir of Travel [-440 WB
Agency/Company WSP SELLS [Weaving Seq Location Glenwood WB to Glenwood EB
Date Performed 6/16/2010 urisciction Raleigh/NCDOT/FHWA
Analysis Time Pericd PM Existing Analysis Year 2009
Inputs
Free‘.-.fay free-flow speed, S (mif) 65 Weaving type A
Weaving number of lanes, N 4 Volume ratio, VR 049
Weaving seg length, L {ft) 630 Weaving ratio, R 0.50
Terrain Level
Conversions to pc/h Under Base Conditions
(poih) v PHF Truck % RY % = Er fuy ip )
Vot 3024 0.92 3 ] 1.5 1.2 0.985 1.00 3336
Voo 0 0.92 2 ] 15 1.2 0.980 1.00 0
Vit 556 092 2 ] 15 1.2 0.880 1.00 610
V2 143 092 . 2 0 1.5 1.2 0.980 1.00 1566
V., 766 Vo 3336
\2 4102
Weaving and Non-Weaving Speeds
Unconstrained Constrainad
Weaving {i=w) Non-Weaving {i = nw) Weaving {i = w) Non-Weaving { = nw)
a (Exhibit 24-8) 0.15 0.0035
b (Exhibit 24-8) 220 4.00
¢ (Exhibit 24-6) 097 1.30
d (Exhibit 24-6) 0.80 0.75
[Weaving intensity factor, Wi 1.05 0.45
[Weaving and non-weavi
keets,S o) 41,84 52,65
Number of lanas required for unconstrained operation, Nw 100
Maximum number of lanes, Nw (max) 140
I¥" If Nw < Nw{max) unconstrainad operation I if Nw > Nw {max) constralned operation

Weaving Segment Speed, Density, Level of Service, and Capacity

gaving segment speed, S (mifh) 50.37
Weaving segment densily, D (pe/mifin) 20.38
Level of service, LOS C
Capacity of base condition, ¢, {pcfh) 7082
Capacity as a 15-minute flow rate, ¢ {veh/h) 6977
Capacity as a full-hour volume, ¢; {veh/h) 8418
Notes
3. Weaving segments longer than 2500 ft. are treated as isolated merge and diverge areas using the precedures of Ghapter 25, "Ramps and Ramp

lions".

b?g(;;:;ty constrained by basic freeway capacity.
6. Capacity oceurs under constralned operating conditions.
ld. Three-lane Typs A segments do not operate well at volume ratios greater than 0.45. Poor operations and some focal queuing are expected in

ch .
:?Fﬁtﬁf::a Type A segments do not operate well at volume ratlos greater than 0.35. Poor operations and some local quauing are expecied In
:uga::clst.;sé:onslfalned by maximum allowable weaving flow rate: 2,800 po/h (Type A), 4,000 (Type B), 3,500 {Type C).
0. Five-fana Type A segments do not operate well at volume ratios greater than 0.20. Poor operations and some local queuing are expscted in such
f\.af)l‘?r;e B weaving segments do not operate we!l at volume ratios greater than 0.80. Poor operalions and some local queuing are expecled In such
ﬁa'rs;;é G weaving segments do not operate well at volume ratios greater than 0.50. Poor operations and some local queauing are expected in such
1£8sas,
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RAMPS AND RAMP JUNCTIONS WORKSHEET Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
|General Information Site Information
Analyst Caroline Kone Fresway/Dir of Trava! |-440 EB
Agency or Company WSP SELLS Junction off-ramp to Ridge Rd
Date Performed 61712010 Jurisdiction Raleigh™NCDOT/FHWA
Analysis Time Period AM No-Build Analysls Year 2035
Project Description  Crabtres Valley
Inputs
Upstream AdjRamp Teriain: Level Downstream Adj
Ramp
["Yes T"On " Yes I On
MNo T Off MNe T oOff
byp ™ ft Lian™ 830 1L
Spe= 62.0mph Spr= 45.0mph
Vy= vehh Sketch (show lanes, L, Ly, Vo, V) Vo= 676 vehh
Conversion to pc/h Under Base Conditions
(pof) ey | PE Tertain WTok | %R fu £ = VIPHF x gy x 1,
Fresway 6851 1.00 Level 3 ] 0.985 1.00 6954
Rarmp 274 1.00 Level 2 0 0.990 1.00 277
UpStream
DownStream 576 1.00 Level 2 0 0.980 1.00 562
Merge Areas Diverge Areas
|[Estimation of v, Estimation of v,
Vig= Ve (Pry ) Viz =V + (Vg - VR)Pep
Leq= (Equation 25-2 or 25-3) Leq= (Equation 25-8 or 25-9)
Py = using Equafion {Exhibit 25-5) Peo = 0.573 using Equation (Exhibit 25-12)
Vio = pcih Vo= 4106 pcth
[VyorV, q pc/h (Equation 25-4 or 25-5) V3 07V 04 2648 pec/h (Equation 25-15 or 25-16)
Is \.’3 or Va-m >2,700 peh? " ves I No Is V3 or Vw4> 2,700 peh? ¥ Yes I No
VyorV > 15 V2 M vas T No t8Va0r Vo > 15* V2 [ Yes ¥ No
If Yos,V,,, = pc/h (Eguation 25-8) if Yes.V,,, = 4254 pchh (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOS £7 Actual Capacity LOS F?
Ve 6954 Exhiblt 25-14] 7050 No
Veg Exhlbit 25-7 Vg =Ve-Vg] 6677 Exniblt 25-14] 7050 No
Vr 277 Exhigit25-3 | 2100 No
Flow Entering Merge Infiuence Area Flow Entering Diverge Infiuence Area
Actual Max Desirable Viclation? Actual hax Desirable Violation?
Va2 Exhibit 25-7| Vi, 4108 Exhiblt 25-14 | 4400:A No

Level of Service Determination (if not F)

Level of Service Determination (if not F)

D = 5.475 +0.00734 v , +0.0078 V., - 0.00627 L,

Dy = 4.262 + 0.0086 V,, - 0.008 L,

Or= (pe/imifin) D:= 353 (pe/mifln)
L0S=  (Exhibit 25-4) L0S= E (Exhibit 25-4)
Speed Determination Speed Determination

Me=  (Exibit 25-19)

Se= mph {Exhibit 25-19)
5= mph {Exhibit 25-19)
S = mph {Exhibit 25-14)

D.= 0323 (Exhibit 25-19)

Se=  57.6 mph (Exhibit 25-19)
S,= 647 mph (Exhibit 25-19)
5= 60.1 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroling Kone Freeway/Dir of Travel |-440 E8
Agency or Company WSP SELLS Junction on-ramp from Glenwood WB
Date Performad 6/17/2010 Jurisdiction RaleighNCDOT/FHWA
IAnalysis Time Period AM No-Build Analysis Year 2035
Project Description  Crabiree Valley
Inputs
tpstream Adj Ramp Terrain: Leve! Downstream Adj
~ Ramp
FYes  0On “Yes ["On
I No 7 Off i No I~ Of
Lo ® 1300 ft L= ft
8= 65.0 mph Spr= 450 mph
My= 2634 veb/h Sketoh ( show lanes, L, L, Ve, V) Vo= vehd
Conversion to pc/h Under Base Conditions
(oo wony | PHF Teraln %Tuek | %Ry iy f,  Iv=VIPHE X fyy X1,
Freeway 8232 1.00 Level 3 0 0.985 1.00 8355
Ramp 587 1,00 Level 2 0 0.990 1.00 593
UpStream 2634 1.00 Lavel 2 0 0.980 1.00 2660
DownSiream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig= Ve (Pry) Vi = Vg + (Ve - Ve)Pep
Lo (Equation 25-2 or 25-3) lea (Equation 25-8 or 25-9)
Pea = 0.144 using Equation (Exhibit 25-5) Pep = using Equation {Exhibit 25-12)
V12 = 1200 peth . V12 = poih
V01 V. ?_){;77 po/h (Equation 26-4 or 25- Va0V pei (Equation 25-15 or 25-16)
Is Vy0rV, 4> 2700 pch? 7" Yes [~ No Is V3 0r Vygy > 2,700 poin? F“ Yes [ No
I8 Va0V, 04> 15*Vi2 ¥ Yes I No I8 VaorV, 2> 1.5* Vo2 [V Yes [ No
If Yes,Vy,, = 3342 po/h (Equation 25-8) If Yas,Vyy, = pc/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Ve Exhibit 25-14
Vro 8048 | Exhibit 25-7 No  [Veo=Ve-Vg Exhibit 25-14
Vi Exfibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Dasirable Violatlon? Actual Max Desirable Viclation?
VRiz 3935 Exhibit 25-7| 4600:Al No Vg Exhibit 25-14 |
Level of Service Determination (if not F) Leve/ of Service Determination (if not F)
Dp = 56475 +0.00734 v o +0.0078 Vi, - 0.00627 1, Dp, = 4.252 + 0.0086 V,, - 0.008 L
Dp = 26.5 (pc/mifn) Dr=  {pc/mifin)
LOS = C (Exhibit 25-4) LOS = (Exhibit 25-4)
Speed Determination Speed Determination
Mg= 0386 (Exibit 25-19) 0= (Exhibit 25-19)
Sg= 56.1 mph (Exhibit 25-19) Sp= mph {Exhibit 25-19)
Se=  57.2 mph (Exhibit 25-19) 5= mph (Exhibit 25-19)
S = 56.7 mph {Exhibit 25-14) S = mph {Exhibit 25-15)
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FREEWAY WEAVING WORKSHEET

Page 1 of 1

I 1f Nw < Nw{max) uncenstrained operation

FREEWAY WEAVING WORKSHEET

General Information Site Information
Analyst Freaway/Dir of Travel -440 EB
[Agency/Company W8P SELLS Weaving Seg Location Ridge Rd on to Glenwood off
Date Performed 61712010 urisdiction Ralelgh/NCDOT/FHWA
[Analysis Time Period AM No-Build Analysis Year 2035
Inputs
;;ee\'{ay free-flow speed, Sy (mifh) 85 Weaving type A

'eaving number of lanes, N 4 Volume ratio, VR 0.30
[Weaving seglength, L {ft} 700 Weaving ratio, R 0.27
Tarrain Level
Conversions to pc/h Under Base Conditions

peh) v PHF Truck % RV% Er Er fi fp v
Vot 5022 1.00 3 0 15 1.2 0.985 1.00 5097
Vo 0 1.00 2 0 15 1.2 0.990 1.00 0
V.1 1655 100 2 0 15 12 0.990 1.00 1870
V.o 576 1.00 2 0 15 1.2 0.990 1.00 581
V., 251 Vo 5097
\ 7248
Weaving and Non-Weaving Speeds
Unconsirained Constrained
Weaving (i=w) Non-Weaving (i = nw) Weaving (i = w) Non-Weaving ( = nw)

a (Exhibit 24-6) 0.35 0.0020
b (Exhibit 24-6) 2.20 4,00
i (Exhibit 24-6) 0.97 1.30
d (Exhibit 24-5) 0.80 0.76

feaving Intensity factor, Wi 4.75 0.71
‘Wazving and non-weavi
Lo o iy 24.57 47,07
Number of lanas required for unconstrained operation, Nw 1.48
Maximum number of lanes, Nw (max} 1.40

I if Nw > Nw (max) constrained operation

Weaving Segment Speed, Density, Level of Service, and Capacity

Weaving segment speed, S (mifh) 37.01
Weaving segment density, D {pe/mifin) 48.96
Level of service, LOS F

Capacity of base condition, ¢,, (pch) 6516
Capacily as a 15-minute flow rale, ¢ {vehh} 6420
Capacity as a full-hour volume, ¢, (veh/h) 6420

Notes

. Weaving segments longer than 2500 fi. are treated as Isolated merge and diverge areas using the procedures of Chapter 25, ""Ramps and Ramp

unctions™,
. Capacily constrained by basle freeway capacity.
. Capaclly occurs under constralned operating conditions.

. Three-lane Type A segments do not operate well at volums ratios greater than 0.45. Poor operations and some local queuing are expected in

such cases.

e, Four-lane Type A segments do not operate well at volume ratios greater than 0.35. Poor operations and some local queuing are expected in

uUch cases,

cases.

Cases,

cases.

f. Capacity constrained by maximum allowable weaving flow rate: 2,800 pe/h (Type A), 4,000 (Typs B), 3,500 (Type C).
la. Five-lane Type A segments do not operate we!l at volume ratios greater than €.20. Poor operations and some local queuing are expected In such

h. Typa B weaving segments do not operate well at volume ratios greater than 0.80. Poor operatlons and some local queuing are expected In such

[ Type C weaving segments do not operate well at volume ratios grealer than 0.50. Poor operations and some local queuing are expected In such

Copyright @ 2010 University of Florida, All Rights Reserved

file://C:\Documents and Settings\USAP04185\Local Settings\Temp\s2kA97.tmp

HCs+™ version 5.5

Generaled: 7/21/2010 11:04 AM

7/21/2010



RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General information Site Information
Analyst Caroline Kone Freeway/Dir of Travel [-440 WB
Agency or Company WSP SELLS Junction off-ramp to Glenwood WB
Date Performed 6/17/2010 Jurisdiction RaleighMNCDOT/FHWA
Analysis Time Peried AM No-Build Analysis Year 2035
Project Description  Crabtres Valley
Inputs
Upstream Adj Ramp Terraln: Level Downstream Adj
- - Ramp
Yes On [Fyes T on
MNo | oOff MNo I off
Lup = ft E'do'em = ft
Spp= 65.0mph Spr= 45.0 mph _
Vo= vehih Sketch ( show lanes, L, Ly Vg, V) o= vehh
Conversion fo pc/h Under Base Conditions
{pch} (Ve\iifhr) PHF Terrain %Truck %Rv fov f v = VIPHF x fiy, x f,
Freeway 12893 1.00 Level 3 0 0.985 1.00 13088
Ramp 0 1.00 Level 2 0 0.890 1.00 0
UpStream
DownSteeam
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig= Ve {Pry) Vi = Vg * Ve - VelPrp T
Lrg = uation 25-2 or 25-3) Leq = (Equation 25-8 or 25-87
Pry = using ion  (Exhibit 25-6) Pey = 0.260 using-Equation {Exhibit 25-12)
V12 = pcfh V12 = pth
Vaor Vo pc/h (Equation 25-4 or 25~ Vs orVa:/ 3873 po/ (Equation 25-15 or 25-18)
ls Vy0r V4> 2700 pe/hi? [~ Yes 37 No 18 Yoror V50> 2,700 poh? [ Yes [ No
s Va0r Ve > 15 V2 [7 Yes T No Va0r Vo> 15* V2 ¥ Yes [ No
If Yes,Vyp, = peth (Equation 25-8) [ Yes V5= 4187 pc/h (Equation 25-18)
Capacity Checks Capacity Chécks
Actual Capagily LOS F? Actual ™ Capacity LOS F?
Ve 10469 Exhibit 9400 Yes
/VFD/ Exhibit 25-7 Veg = Vie-Vi| 10469 Exhioit25-14|  ouoe.. Yes
- A 0 Exibit2s3 ] 4100 | Ro—
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Vriz Exhibit 25-7 Vi 2722 Exhibil 25-14 | 4400:Al No

Level of Service Determination (if not F)

Level of Service Determination (if not F)

Dg = 5.475 + 0.00734 v , + 0.0078 V,, - 0.00627 L,

DR = 4:262-+-6-0086- i 0:000-, 0+ 0104V,

S mph (Exhibit 25-19)
S=  mph{(Exhibit 25-14)

Dg = {pc/mifin) Dy= 268 (pc/mifin) 28+ 53 N
[0S= (Exhibit 25-4) L0S= J(Exhibit25-4) D

Speed Defermination Speed Determination

Mg=  (Exibit 25-19) D= 0.298 (Exhibit 25-19)

Sp=  mph (Exhibit 25-19) Sg=  58.1 mph (Exhibit 25-19)

So= 63.0 mph (Exhibit 25-19)
5 = 60.9 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
IAnalyst Caroline Kone Freeway/Dir of Travel |-440 WB
Agency or Company WSP SELLS Junction oa-ramp from Glanwood EB
Date Performed 6/17/2010 Jurisdiction Ralelgh™NCDOT/FHWA
Analysls Time Period AM No-Bulld Analysis Year 2035
Proiect Description  Crabtreg Valley
Inputs
Upstream Adj Ramp Tereain: Level Downstream Adj
o . Ramp
Yes on MYes | On
[MNo [~ Off “No 1~ oOff
by = 1500 ft Loonn = ft
Sge= 66.0mph Sep= 450 mph -
Vo= 1238 vehth Sketch ( show lanes, Ly, Ly, Ve, ¥,) p=  vehh
Conversion to pc/h Under Base Conditions
(pe) ey | P Tertain %Tnck | SR frov £, = VIPHE xfxf,
Freeway 8951 1.00 Lavel 3 0 0.985 1.00 8085
Ramp 1966 1.00 Level 2 0 0.990 1.00 1986
UpStream 1238 1.00 Level 2 0 0.990 1.00 1250
DownSiream
Marge Areas Diverge Areas
Estimation of vy, Estimation of v,
Vie=Ve (Pry) Vyp = Vi + (Ve - VlPrp
Leo = 2684.67 (Equation 25-2 or 25-3) Lo = (Equation 25-8 or 25-9)
Pey = 0.526 using Equation (Exhibif 25-5) Pep = using Equation (Exhibit 25-12)
Vi, = 4775 pch Vo= pc/h
V, orV, gm po/h (Equation 25-4 or 25- VOV, poh (Equation 25-15 or 25-16)
1§V, 0rV, 54> 2700 poin? 7 Yes |~ No Is V3 0r Vo4 > 2700 peh? i Yes [ No
IsVa0rV 0> 15 V2 17 Yes ¥ No I8 V30r V0> 18" Vi)2 [ Yes ™ No
I Yes,Vig, = 6385 _pc/h (Equation 25-8) IFY85V15= po/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOSF?
Ve Exhibit 25-14
Veg 11074 |Exhivit 257 Yos  [Veo=VE-Vg Exhibit 25-14
A Exhibit 26-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violaflon? Actual Max Desirable Violation?
Ve 8371 |Exnbi2s7|  dso0Al Yes Vy; Exhlbit 25-14 |
Level of Service Detarmination (if not F) Level of Service Determination (If not F)
Dy = 5475 +0.00734 v  +0.0078 V- 0.00627 L, Dy = 4.252 + 0.0088 V,, - 0.009 Ly
D, = 84.7 (pc/mifin) Dp=  {pc/mifin)
LOS = F {Exhibit 25-4) L0S = (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  17.095 (Exibit 25-19) D, = (Exhibit25-19)
5= -328.2 mph {Exhibit 25-19) Se= mph (Exhibit 25-19)
Sy® 56,1 mph (Exbibit 25-19) Sg=  mph (Exhibit 25-19)
S = 488.8 mph (Exhibit 25-14) S mph (Exhiblt 25-15)
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FREEWAY WEAVING WORKSHEET Page I of 1

FREEWAY WEAVING WORKSHEET
General Information Site Information
Analyst Caraline Kene Freeway/Dir of Travel [-440 WB
Agency/Company WSP SELLS l\;\leaving Seg Location Glen. WB on to Glen, EB off
Date Performed 6M17/2010 Jurisdiction RalelghNCDOT/FHWA
Analysis Time Period AM No-Build tAnalysis Year 2035
Inputs
Freev{ay free-flow speed, S {mifh) 65 Weaving type A
Weaving number of lanes, N 4 Volume ratio, VR 0.14
Weaving seg length, L {ft) 630 [Weaving ratio, R 0.4
Terrain Level
Conversions to pc/h Under Base Conditions
(pc/) v PHF Truck % RV % Eq Er Ty fp v
\ 8754 1.00 3 0 1.5 1.2 0.885 1,00 8085
Voo 0 1.00 2 0 1.5 1.2 0.990 1.00 0
Vit 1238 1.00 2 0 1.5 1.2 0.890 1.00 1250
Vo 197 1.00 2 0 1.5 1.2 0.890 1.00 198
v, 1448 Vi 8885
v 10333
Weaving and Non-Weaving Speeds
Unconstrained Constrained
Weaving (1 = w) Non-Weaving (i = nw) Weaving (i=w) Non-Weaving ( = nw)
3 (Exhibit 24-6) 0.15 0.0035
b (Exhibit 24-83 2.20 4,00
C (Exhibit 24-6) 0.97 1.30
d (Exhibit 24-6) 0.80 0.75
[Weaving infenstty fagtor, Wi 2.35 1.28
[Weaving and non-weavi
Bpeess i) 3140 39.00
Number of lanes required for unconstrained operation, Nw 0.96
Maximum number of lanes, Nw (max) 1.40 )
I If Nw < Nw{max) unconstrained operation I if Nw > Nw (max) consirained operation

Weaving Segment Speed, Density, Level of Service, and Capacity
'Weaving segment speed, S (mifh) 37.7%
Weaving segment density, D (pc/mifin) 68.35
Level of sarvice, LOS F
Capaclty of base condition, ¢, (pe/h) 7382
Capacity as a 15-minute flow rate, ¢ {veh/h) 7283
Capaclty as a full-hour volume, ¢, {veh/h} 7283
Notes
a, Weaving segments longer than 2500 ft. are trealed as isolated marge and diverge areas using the procedures of Chapler 25, "Ramps and Ramp

unctions”.
b. Capacity constrained by baslc freaway capacity.

. Capacity occurs undér constraingd operating conditions.

. Three-lane Type A segments do not operate well at voluma retios greater than 0.45. Poor operations and some local queuing are expected in

ch .
zleoﬁlsae:e Type A segmants do not operate wall at volume ratios greater than 0.35. Poor operations and some local queuing are expected in
ch .
EuCapcf;teysconstrained by maximum allowable weaving flow rate: 2,800 pcih (Type A), 4,000 (Type B), 3,500 (Type C).
lg. Five-lane Type A segments do not operate wel! at volume ratios greater than 0.20. Poor operations and some lccal queuing ase expected in such
g?%:e B weaving segments do not operate well at volume ratios greater than 0.80. Poor operations and some local queuing are expested in such
ﬁa'ls‘!’ y?;é C weaving segments do not operate well at volume ratios greater than 0.50. Poor operatlons and some local queuing are expected in such
jcasas,
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RAMPS AND RAMP JUNCTIONS WORKSHEET Page 1 of |

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Informatioh
Analyst Carofine Kene Fresway/Dlr of Travel 1-440 EB
Agency or Company WSP SELLS Junetion off-ramp fo Ridge Rd
Date Performed 6147/2010 Jurisdiction Raleigh/NCOOT/FHWA
Analysis Tlme Period PM Ne-Build Analysis Year 2035
Project Description  Crabiree Valley
inputs
Upstream Ad| Ramp Terrain: Level Downstream Adj
Ramp
MYes [ On FYes FOn
I No F~ Oiff I No I off
L= ft Looan = 830 ft
8= B5.0mph Spg= 450 mph
My = vehih Sketch ( show lanes, L, Lp, Vo, V) Vo= 566 vehh
|Conversion to pe/h Under Base Conditions
(pci) " e\r{mr) PHF Tertain %Tuck | %Ry foy i, Iv=VIPHF xfy, X1,
Fregway 8463 1,00 Level 3 0 0.285 1.00 8590
Ramp 271 1.00 Level 2 0 0.990 1.00 274
UpStream
DownStream 566 1.00 Level 2 0 0.9%0 1.00 572
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig = Ve (Pey ) Vip = VR # (Ve - ViIPep
lea= (Equation 25-2 or 25-3} Leq ™ (Equation 25-8 or 25-9)
Peys = using Equation (Exhibit 25-5) Pep = 0.533 using Equation (Exhibit 25-12)
N/, = pch Vo= 4703 pcih
V300V, 24 pc/h (Equation 25-4 or 25-5) Va0rV o 3887 pcih (Equation 25-15 or 26-16)
I8 VaorV 0, > 2,700 pe? I Yes I No lsVyorV, ., > 2700 pch? ¥ Yes I No
lsVyorV, ,>15*V,2 [ yes I No BV 0rV,>15* V2 T Yes I No
If Yes,V,,, = pcih (Equation 25-8) If Yes,V,,, = 5890 po/h (Fquation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacily LOS F?
Ve 8580 Exhibit 25-14{ 7050 Yes
Vio Exhibit 25-7 Veg =Ve-Vpi 8316 Exhiblt 25-14 7050 Yes
Vg 274 Exhibit 25-3 2100 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Vo Exfibit 257] Vi, 4703 Exhibit25-14 | 44000 | Yes
Level of Service Detarmination (if not F) Level of Service Determination (if not F)
Dg = 5.476 +0.00734 v , + 0.0078 V,, - 0.00627 L, Dy = 4.252 + 0.0086 V,, - 0.009 Ly,
Dy = {pc/mifin) Op= 493 (po/mifin)
L0S=  (Exhibit 25-4) LOS=  F (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  (Exibit 25-19) D= 0323 (Exhibit 25-19)
S.=  mph (Exhibit 26-19) S 57.6 mph (Exhibit 25-19)
S;=  mph {Exhibit 25-19) S 64.7 mph (Exhibit 25-19)
S = mph (Exhibit 25-14) S = 59.6 mph (Exhibit 25-18)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMFS AND RAMP JUNCTIONS WORKSHEET

General Information Site Information
analyst Caroline Kong Fresway/Dir of Travel |-440 EB
Agency or Company WSP SELLS Junetion on-ramp from Glenwood WB
Date Performed 61772010 Jurisdiction RaleighMNCDOTFHWA
[Analysls Time Period PA No-Build Anglysis Year 2035
Project Descripticn  Crabtres Valley
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
" o Ramp
\d [ -
Yes I On FYes [~ oOn
[MNo I Off FNo [ off
Lp= 1300 ft o
Sgp= 850 mph Sgr= 460 mph
Vy = 3181 veh/h Sketch { show lanes, Ly, Ly VeV Vo = vehfh
Conversion to pc/h Under Base Conditions
(poh) ey | PF Terrain wTck | %Rv fiv £, [v=VIPHF xfyxT,
Freeway 9468 1.00 Leve 3 ¢ 0.985 1.00 9610
Ramp 524 £.00 Level 2 ¢ 0.980 1.00 529
UpStream 3181 1.00 Level 2 ¢ 0.980 1.00 3213
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
) V12=VF(F_,FM) Vip =V + (Ve - VRIPp
Liq= {Equation 25-2 or 25-3) Leg® (Equation 25-8 or 25-0)
P = 0,152 using Equation (Exhibit 25-5) Pep using Equation (Exhibit 25-12)
Vip= 1458 polh /o = pch
Va OF Vg gr;m peih (Equation 25-4 or 26- V, 0r V., pe/h (Equation 25-15 or 25-16)
Is V3 or Va-..e4> 2!700 pC\m? IT Yes ’— NO ]5 V3 or V3’134 » 2;700 pcfh? r Yes r No
IsV40rV, 0> 15* Vo2 ¥ Yes I~ No I8 V30rVis, > 1.5* V2 1 Yes [ No
I Yes, Yy, = 3844 po/h (Equation 26-8) CA peh (Equation 25-18)
Capacify Checks Capacity Checks
Aclual Capacity LOS F? Actual Capacity LOS F?
A Exhibit 25-14
Vio 10139 |Exhibit 257 Yos  |Veo=Vi-Vg Exhibit 25-14
Vi Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Deslrable Violation? Actual Max Deslrable Violation?
Vaiz 4373 |Exnibit2s7|  4g00:Al No Vo Exhibit 25-14 |

lLevel of Service Determination (if not F)

Level of Service Determination (if hot F)

Dp=5475+0.00734 v o + 0.0078 V,, - 0.00627 L,

Dy = 4.252 +0.0086 V,, - 0.009 L,

D = 29.9 (pc/mifn) D:*  {pc/mifin)
LOS=  F (Exhibit 25-4) LOS=  (Exhibit 25-4)
Speed Defermination Speed Determination

Mg= 0495 (Exibit 25-19)

Se=  53.6 mph {Exhibit 25-19)
S;= 660 mph {Exhibit 25-19)
S= 544 mph (Exhibit 25-14)

D.=  (Exhibit 25-19)
Se= mph (Exhibit 25-19)
5= mph {Exhibit 25-19)

S = mph {Exhibit 25-15)
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FREEWAY WEAVING WORKSHEET Page 1 of 1

FREEWAY WEAVING WORKSHEET
General Information Site Information
Analyst G Teng Freeway/Dir of Travel -44G EB
Agency/Company WSP SELLS Weaving Seg Location Ridge Rd on fo Glenwoed off
Date Performed 611712010 Jurisdiction Raleigh/NCDOT/FHWA
Analysis Time Period PM No-Build Analysls Year 2035
Inputs
Freev.:ay free-flow speed, S, {mif) 65 Weaving type A
Weaving number of lanes, N 4 Volume ratio, VR 0.35
Wea\fing seg length, L (1 700 Waaving ratio, R 0.19
Terrain Level
Conversions to pc/h Under Base Conditions
(o) v PHF Truck % RV % E; Er fue fo v
Vos 5721 1.00 3 0 1.5 1.2 0.985 1.00 5806
V.o 0 1.00 2 0 1.5 1.2 0.990 1.00 0
Vit 2471 1.00 2 0 1.5 1.2 0,990 1.00 2495
V.o 566 1.00 2 0 1.5 1.2 0.990 1.00 571
V., 3066 Vi 5808
v 8872
Weaving and Non-Weaving Speeds
Unconstrained Constrained
Weaving (i = w) Non-Weaving (i = nw) Weaving (i = w) Non-Weaving { = nw)

a {Exhibit 24-6) 0.35 0.0020
b {Exhibit 24-6) 2.20 4.00
c (Exhibit 24-8) 087 1.30
d (Exhibit 24-6) 0.80 0.75
[Weaving Inlenstty factor, Wi 6,27 1,08
[Weaving and non-weavi
oods SR 2257 4147
Number of lanes required for unconstrained operation, Nw 1.69
Maximum number of lanes, Nw (max) 1.40

I Jf Nw < Ne{max) unconstrained operation IV if Nw > Nw {max) constrained operation
Weaving Segment Speed, Density, Level of Service, and Capacity
Weaving segment speed, S (mi/h) 32,16
Weaving segment denslty, D (pc/mifln) 68.97
Level of service, LOS F
Capacity of base condition, ¢, {pc/h) 6199
Capacity as a 15-minute flow rate, ¢ (veh/h} 6107
Capacily as a full-haur volume, ¢ {veh/h) 6107
INotes
la. Weaving seaments longer than 2500 ft. are treated as Isolated merge and diverge areas using the procedures of Chapter 25, "Ramps and Ramp
 Juncticns™,
b%%;?ggty constrained by basic freeway capacity.
lo. Capacity ocours under constrained operating conditions.
ld. Three-lane Typa A segments do not operate well at volume ratios greater than 0.45, Poor operations gnd some local queuing are expected in

ch .
:l.lg?ﬁ?ae:e Type A segments do not oparate well at volums ratios greater than Q.35, Poor operations and soms local queulng are expected In
?.%ap?é?éonstrained by maximum aliowable weaving flow rate: 2,800 pe/h (Type A}, 4,000 (Type B), 3,500 (Type C).
9. Five-lane Type A segments do not operate well at volume ratios greater than 0.20. Poor ¢cperations and somse locsl queulng are expected In such
f%;e B weaving segments do not operate well at volume satios greater than 0.80. Poor operations and some local queulng are expacled In such
i;.‘a';y?psé C weaving segments do not operate well at volume ratios greater than 0.50. Poor operations and some local queuing are expected In such
Ca%05s,
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
|General Information Site Information
Anslyst Caroline Kone Freeway/Dir of Trave! [-440 W8
Agancy or Company WSP SELLS Junction off-ramp to Glenwood WB
Date Performed 611712010 Jurigdiction Ralelgh/NCDOT/FHWA
Analysls Time Pericd PM No-Build Analysls Year 2035
Project Description  Crabtres Valley
Inputs
Upstream Ad] Ramp Terrain: Lavel Downstream Adj
- - Ramp
Yes On TYes [ On
I“ No I off " No I~ off
L= ft — ft
Spp= 65.0mph Sgr= 45.0mph ~
My = veh/h Sketch ( show tanes, L, Lo,V V) Vo= vehh
Conversion to pec/h Under Base Conditions
v =
(pch) (Vehihr) PHF Terraln %Truck %Rv fiv fy v = VIPHF x fip x )
Fresway 11115 1.00 Lavel 3 0 0.985 1.00 11282
Ramp 0 1.00 Level 2 0 0.980 1.00 0
UpStrezm
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig=Ve (Pry) Vi2 = Vi * (Ve - VidPp
Lo = Equation 25-2 or 25-3) Leg ™ (Equation 25-8 or
Py = using ation (Exhibit 25-5) Peo = 0.260 usjng-Equation (Exhibit 256-12)
V= b/ u\z Vip= pcih
V3 0r Vi pcih (Equation 25-4 or [V OrV 3339 pefh (Equation 25-15 or 25-16)
Is V3 ar Vm4> 2:700 Pdh? i— Yes r No s s > 21700 PCJ'h'? ;‘7 Yas I— No
sV, 0rV,,, > 15* V2 ™ Yes I~ No [5 V307 Vony > 154 V12 ¥ Yes ™ No
I Yes, Vi, = pcin (Equation 25-8) I Yo5,Vime= 3610 pe/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Actuar—--§ Capacily LOSF?
Ve o026 [Exuibitesta| o400 | Mo
/Vﬂ/ Exhiblt 25-7 Veo=Ve-Vel 0026  [Exuibit25-14] “udeq | Mo
Vq 0 Exhibit25-3 | 4100 [“Ne._
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Viclation?
Vit Exhibit 25-7} Vi, 2347 | Exnibit25-44 | 440041 | Mo
Level of Service Determination (if not F) Level of Service Determination (if not F)

Dg = 5,475 + 0.00734 v  + 0.0078 V,, - 0.00627 L, Dg = 4:262-+-0:0086-V—8:000-t5— 00109 _\ff
D = (pc/mifin) Da=  24&({pe/mifn) 24.59 N
05 = (Exhibit 25-4) LOS = C (Exhibit 25-4)

Speed Determination Speed Determination

M= (Exibit 25-19) D= 0,208 (Exhibit 25-19)

Se=  mph (Exhibit 25-19) Sg= 8.1 mph (Exhibit 25-19)

Sy=  mph (Exhibit 25-19) 5= 64.6mph (Exhibit 25-19)

3 = mph {Exhibit 25-14} S = 61.9 mph (Exhibit 25-16)

Copyright © 2010 University of Florida, All Rights Reserved HCS+™ varsion 5.5 Generated: 7/2172010  11:02 AM
file://C:\Documents and Settings\USAP04185\Local Settings\Tempu2kAS8F.tmp 7/21/2010




RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Freeway/Dir of Travel 1440 Wo
IAgency or Company WSP SELLS Junetioz on-ramp from Glenwood EB
Date Performed 61712010 Jurisdiction RalelghNCDOT/FHWA
IAnalysis Time Period PM No-Build Analysls Year 2035
Project Descripticn  Crabtres Valley
Inputs
Ipstream Adj Ramp Torrain: Lovel Downstream Ad]
o - Ramp
[

Yas On T Yes [ On
MNe 17 Off MNo [ Off
L= 1500 on™ T

Spp= 850 mph Spp = 46.0 mph L, =
M= 1088 vehvh Sketeh (showlanes, Ly, Lo,VaV) p=  vehh
Conversion to pc/h Under Base Conditions
{pci) (Ve\r{!hr) PHF Terrain %Truck %R fiov fo = VIPHF xfy, x f;
Freeway 6017 1.00 Lave! 3 0 0.985 1.00 6107
Ramp 2566 1.00 Levet 2 0 0.990 1.00 2692
UpStream 1056 1.00 Lavel 2 0 0.990 1.00 1067
DownStream
Merge Areas Divarge Areas
Estimation of v, Estimation of v,

] Via= Ve (Pey) . Vi2= Ve + (Ve - VRiPgp

Lo = 2177.07 (Equation 256-2 or 25-3) Leg = (Equation 25-8 or 25-9)
Pey = 0.558 using Equation (Exhibit 25-5) Peo ™ using Equation (Exhiblt 26-12)
Vip= 3406 poih . V= pch
VS or Va-fu g;o1 pCJh (Equatlon 25'4 or 25' Va or Va\,-:M pdh (Equaﬁc}n 25_15 or 25‘16)
I8Va0rV ., > 2700 pch? [+ Yes I No b5 Vy0rV,a> 2700 peh? 1™ Yas |~ No
IsVy0rVoq, > 15* V2 ¥ Yes [ No V500V > 15" Vif2 17 Yes " No
firves,V,y, = 489 pe/h (Equation 25-8) ifYes,V,y, = pcih (Equation 25-18)
[Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Vi Exhibit 25-14
Vo 8699 | Exhibit 257 Yes  |Veo=Ve-Vr Exhlbit 26-14
Vi Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Degirable Violation? Actual Max Desirable Violation?
Ve 6081 {Exhibit257| 4600l Yes Vi, Exhioit 25-4 |
Level of Service Determination (If not F) Level of Service Determination (if not F)
Dg = 5475 +0.00734 v o +0.0078 V,,,-0.00627 L, Dr = 4.252 + 0.0086 V,, - 0.009 L,
D = 46.6 (pe/mifin} D.= (pc/mifin)
LOS = F (Exhibi¢ 25-4) t05 = (Exhibit 25-4)
Speed Determination Speed Determination
M= 1.953 (Exibit 25-19) Dg=  (Exhibit 25-19)
Se=  20.1 mph (Exhibit 25-19) S¢=  mph (Exhibit 25-19)
S 56.6 mph (Exhibit 25-19) Sg=  mph (Exhibit 25-19)
S = 24.% mph (Exhibit 25-14) S = mph (Exhibit 25-15)
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FREEWAY WEAVING WORKSHEET

Page 1 of 1

FREEWAY WEAVING WORKSHEET

General Information

Site Information

I 1f Nw < Nw{max) unconstrained operation

Analyst Freeway/Dir of Travel [-440 WB
A gency/Company WSP SELLS [Weaving Seg Location Glen, WB on fo Glen. EB off
Date Performed 6/17/2010 Hurisdiction Raleigh/NCDOTIFHWA
Analysis Time Perlod PM No-Build [Analysis Year 2035
inputs
Freoway free-flow speed, Sy (mifh) 65 Weaving tvos A
Weaving number of lanes, N 4 Voiuxegra)t’i%, VR 0.19
Weaving seg length, L (ft} 830 Weaving ratio, R 0.20
Terrain Level
Conversions to pc/h Under Base Conditions
(peh) v PHF Truck % RV % Eq En fuy fp v
Vit 5746 1.00 3 0 15 1.2 0.985 1.00 5832
2 0 1.00 2 0 15 1.2 4.990 1.00 0

i 1056 1.00 2 0 15 1.2 $.990 1.00 1068
Voo 21 1.00 2 0 15 1.2 4.990 1.00 273
Vi 1338 V. 5832
v 7171
Weaving and Non-Weaving Speeds

Unconstrained Conglrained
Weaving (i = w) Non-Weaving (i = nw) Weaving (I =w) Non-Weaving { = nw)

a (Exhibit 24-6) 0.15 0.0035
b (Exhibit 24-6) 2.20 4,00
¢ (Exhibit 24-6) 0.97 1.30
d (Exhibit 24-6) 0.80 0.75
[Weaving intensity factor, Wi 1.80 0.94
Weaving and non-weav,
Loends s iy 34,62 43.40
Number of lanes required for unconstrained operation, Nw 1.09
Maximum number of lanes, Nw (max) 1.40

I if Nw > Nw {max) congirained operation

Weaving Segment Speed, Density, Level of Service, and Capacity

Weaving segment speed, S (mi/h) 41.44

Weaving segmant denslty, D (pe/mifn) 43.28

Leval of service, LOS F

(Capacity of base condition, ¢, (pe/h) 7082
Capacity as a 15-minute flow rate, ¢ {veh/) 8977
Capacity as a full-hour volume, ¢, {veh/h) 6977

INotes

Uunctions™,
h. Capacily constrained by basic freeway capacity.
<. Capacity occurs under constrained operating conditions.

such cases.
I:uch cases,

CaSEes.
casas,

[cases.

[a. Weaving segments longer than 2500 ft. are trealed as isolated merge and diverge areas using the procedures of Chapter 25, "Ramps and Ramp

d. Three-lane Type A segments do not operate well at volume ratios greater than 0.45. Poor operations and some local quading are expected in
. Four-lana Type A segments do not operate well at volume ratios greater than 0.35, Poor operations and some local queuving are expectedin

T Capacity conslrained by maximurn allowable weaving flow rate: 2,800 pe/h (Type A}, 4,000 (Type B), 3,500 (Type C}.
g. Five-tane Typa A segments do not operate well at volume ratios greater than 0.20. Poor operations and some local queuing ase expected in such

h. Type B weaving segments do not operate wall at volume ratios greater than 0,80, Poor cperations and soma local queuing are expected in such

i. Type G weaving sagments do not operate well at volume ratios greater than 0.50. Poor operations and seme local queuing are expected in such
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information Site Information
Analyst Caroline Kone Fresway/Dir of Travel 1-440 EB
Agency or Company WSPSELLS Junction off-ramp to Ridge Rd
Date Performed 6/16/2010 Jurisdiction Ralslgh?NCDOT/FHWA
Analysts Time Period Al CVA_Rlidge Improve Analysis Year 2009
Prolect Description  Crabiree Valley
Inputs
Upstream Adj Ramp Ferrain: Level Downstream Adj
Ramp
MYes [ On Fyes [ On
FF'No " Off MNo [ Off
0 = ft L goun = 600 ft
Spp= 65.0mph Spp= 450mph _
My = veh/h Sketch ( show fanss, Ly, Lo, Ve,V Vo = 1397 veh/h
IConversion to pc/h Under Base Conditions
{pcin} Ne\lifhr) PHF Terrain %Truck %Ry fips f v = VIPHF x fip, x £
Freaway 3506 0.82 Level 3 0 0.985 1.00 3978
Ramp 144 0.92 Level 2 0 0.990 1.00 158
UpStream
DownStream 1387 0.92 Leve 2 0 0,980 1.00 1534
Merge Areas Diverge Ateas
[Estimation of v, Estimation of v,
Viz= Ve (Pey) Vi2 = Vr + (Ve - VlPep
Lo ™ {Equation 25-2 or 25-3) Leg = (Equation 26-8 or 25-9)
Pry = using Equation {Exhibit 25-5) Pro 0.653 using Equation (Exhibit 25-12)
Vi = pcth V1™ 2654 pch
Vy OF Vo ay peth (Equation 26-4 or 25-5) V0 Va4 1324 pc/h (Equation 25-15 or 25-18)
8 Vy0r V0> 2700 pch? ™ Yes | No 15V 0r'Y, 0y> 2700 pe/h? [ Yes I No
sVyorV, 5> 15* V.2 T Yes I No I§Va0r Ve, > 15" Vo2 [7yes - No
if Yes,V,p, = pc/h (Equation 25-8) It Yes,Vg; pcih (Equation 25-18)
iCapacity Checks Capacity Checks
Actual Capacity LOSF? Actual Capaclty LOSF?
Ve 3978 Exhibit 25-14| 7050 No
Vio Exhibit 25-7 Vig = VE-Vg | 3820 Exhiblt 25-14| 7050 No
Vg 158 Exhibit25-3 | 2900 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Viplafion? Actuat Max Deslrable Viclatlen?
Vi Exiibit 25-7| Vo 2654 | Extivit25-14 | 44000 | Mo

Level of Service Determination (if hot F)

Level of Service Determination {if not F)

Dy =5.475 + 0.00734 v o + 0.0078 V,, - 0.00627 L,

Dg = 4.252 + 0.0086 V,, - 0.009 L

Sp= mph {Exhibit 25-18)
S = mph (Exhibit 25-14)

Dg = (pcimifin) Dg= 215 (po/mifin)

LOS=  (Exhibit 25-4) LOS=  C {Exhibit 25-4)
Speed Determination Speed Determination
Ms=  (Exibit 25-19) Ds= 0312 (Exhibit 25-19)
Se=  mph (Exhibit 25-19) Sp=  57.8 mph (Exhibit 25-19)

S~ 70.0 mph (Exhibit 26-19)
S= 614 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page I of |

RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information Site Information
Analyst Caroline Kone FreewayfDlr of Travel |-440 EB
Agency or Company WSP SELLS Junction on-ramp from Glenwood WB
Date Performed 611612010 Jurisdiction Ralelgh/NCDOTFHWA
Analysis Time Perlod AM CVA_Ridge Improve Analysis Year 2009
Project Description  Crabiree Valley
Inputs
{Jpstream Adj Ramp Terraln: Level Downstream Adj
- - Ramp
¥ Yes On
TYes [ On
FNo I Off FNo I Off
Lp= 630 ™
S 65.0mph Spp = 45.0 mph
Va= 818 vehh Sketch (show anes, Ly, Lo, Va,V) Vo= vehh
Conversion fo pc/h Under Base Conditions
(pch) Ne\l;’fh g | P Terran %Truck %R oy f, = VIPHF x fy xf,
Fresway 4041 0.92 Leval 3 0 0.985 1.00 4458
Ramp 612 0.92 Level 2 0 0.9%0 1.00 672
UpStream 818 0.52 Level 2 0 0.9%0 1.00 898
DownSiream
Merde Areas Diverge Areas
Estimation of v, Estimation of v,
) Vip= Vel F.,FM ) Vg = Vg + (Ve - VR)Ppp
Lea ™ {Equation 25-2 or 25-3) Lo (Equation 25-8 or 25-9)
Pen = 0.134 using Equation (Exhibit 25-5} Pep = using Equation (Exhibit 25-12)
Vo= 536 poih ' v, = pcih
V3 0V, 1531 pe/h (Equation 25-4 or 25- A pc/h (Equation 25-15 or 25-16)
Is Vy0rV, ., > 2,700 peh? [~ Yas I No s Vy0rVo,,>2,700 pch? ™ Yes [ No
IsVsoer4>1.5*V12’2 [ Yes [ No |9V30rvm4>1-5 V12/2 M ves [ No
IF Yes,Vyg, = 1783 pc/h (Equation 25-8) ffYesVige= pc/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Actual Capacity LOS F?
Vi Exhibit 25-14
Vio 5130 |Exhibit25-7 No  [Vpo=Ve-Vg Exhibit 25-14
Ve Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influenice Area
Acluat Max Deslrable Viclalion? Aclual Max Deslrable Violallon?
Vaa 2455 |Exhibit257]  4600:A0 No Vi Exhlbit 25-14 |

Level of Service Determination (if not F)

Level of Service Determination (if hot F)

Dg = 5476 +0.00734 v  + 0.0078 V/, -0.00627 L,

Dy = 4.262 +0.0086 V5 - 0,009 L,

Dp = 14.9 (pc/mifin} Dn=  {pc/mifln)

LOS= B (Exhibit25-4) L0S=  (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  0.231 (Exibit 25-19) D,=  (Exhibit2519)

Se=  59.7 mph {Exhibit 25-19) Se=  mph (Exhibit 25-19)
Se=  62.0 mph {Exhibit 25-19) Sy  mph (Exhibit 25-19)

S = 60.9 mph {Exhibit 25-14) S = mph (Exhibit 25-15)
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FREEWAY WEAVING WORKSHEET Page 1 of 1

FREEWAY WEAVING WORKSHEET
General Information Site Information
Analyst G Teng Freaway/Dir of Travel Fn?plrf\frrgtdge Rd
Agency/Company WSP SELLS Weaving Seg Location Ridge Rd to Glenwood Ave
Rr?: i:iesrf%rmmeeg eriod ﬁlgf (? ; 0 AM Peak Hour Jurisdiction City of Raleigh/NCDOT/FHWA
y y Analysis Year 2009
Inputs
Freev._'ay fres-flow spaed, S¢. (mifh) 65 Weaving type B
Weaving number of lanes, N 4 Volume ratio, VR 0.45
Weaving seq length, L {ft) 2100 Weaving ratio, R 0.37
Terrain Lavel
Conversions to pc/h Under Base Conditions
(pefh) v PHF Truck% | RV% E, Eq fuy fo v
Vot 2644 0.92 3 0 1.5 1.2 0.985 1.00 2017
Ve, 0 0.92 2 0 15 1.2 0.990 1.00 0
Vi1 1387 0.92 2 0 1.5 1.2 0.990 1.00 1533
V2 818 0.92 2 0 1.5 1.2 0.990 1.00 8o8
v, 2431 |V, 7 2017
V 5348
Weaving and Non-Weaving Speeds
Unconstrained Congtrained
Weaving {i = w) Non-Weaving (| = nw) Weaving (= w) Non-Weaving ( = nw)
la {Exhibit 24-6) 0.08 0.0020
b {Exhibit 24-6) 2.20 6.00
¢ (Exhibit 24-6) 0.70 1.00
d {Exhibit 24-6) 0.50 0.50
‘Weaving Intensily factor, Wi 061 0.55
Weaving and non-weavi
e 49.07 50.42
|Number of lanes required for unconstrained operation, Nw 1.97
Maximum number of lanes, Nw (max) 3.50
. If Nw < Nw{max) unconstrained operation I” if Nw> Nw (max) constrained operation
Weaving Segment Speed, Density, Level of Service, and Capacity
Weaving segment speed, S {mi/h) 49.80
[Weaving segment density, D (pe/mifin) 26.85
Levsl of sarvice, LOS c
Capacity of bass condition, ¢, (pc/) 7831
Capacity as a 15-minute flow rate, ¢ (vah/h) 7715
Capacily as a full-hour volume, ¢, {veh/h) 7008
Notes
. Weaving segments fonger than 2500 ft. are treated as Isolated merge and diverge areas using the procedures of Chapter 25, "Ramps and Ramp
ctions™,
b?réalr?agty constrained by basi fresway capacity.
. Capacity occurs under censtrained operating conditions.
, ;l‘#ree-!ane Type A segmenis do not operate wall at volume ratlos greater than 0.45. Poor operations and some local queuing are expected in
cases.
S?Four-?::e Type A segments do not operate well at volume ratios greater than 0.35. Poor operations and some local queuing are expected in
ch .
f.uCa;gclsfysoonsirained by maximum allowable weaving flow rate: 2,800 pe/i (Type A), 4,000 (Type B), 3,500 (Type C).

. Five-lane Type A segments do not operate well at volume ratios greater than 0.20. Poor operations and some local queuing are expected in such
. %%e B weaving segments do nct operate well at volume ratios greater than 0.80. Poor operations and some locatl queuing are expecled in such
i, Tsye;é G weaving segments do not cperate well at volume ratios greater than 0.50. Poor aperations and some [ocal queuing are expactad in such

S€S.
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RAMPS AND RAMP JUNCTIONS WORKSHEET Page [ of 1
RAMPS AND RAMP JUNCTIONS WORKSHEET
|General Information Site Information
Analyst Caroline Kone Freeway/Dir of Travel 1440 WB
Agancy or Company WSP SELLS Junction off-ramp {o Glenwood EB
Date Performed 61612010 Jurisdiction Ralelgh/NCDOT/FHWA
Analysis Tima Period AM CVA_Ridge Improve Analysis Year 2009
Project Descripfion  Crablree Valley
Inputs
Upstream Adj Ramp Terain; Level Downstream Adj
Ramp
IYes TOn "Yes [ On
[FNo  FFoff FNo I Of
L= 1380 ft o= T
Sgp= 65.0mph Spr= 45.0mph
Vy= 1527 vehrh Sketch { show lanes, L, Ly Ve V) Vo= vebh
Conversion to pe/h Under Base Conditions
(pesh) (Ve\t':]hr) PHF Terraln %Truck %Rv frv o = VIPHFxy X
Fresway 4608 0.92 Leve! 3 0 0.985 1.00 5084
Ramp 651 0.92 Love! 2 0 6.990 1,00 715
UpStream 1627 0.92 Leve! 2 0 0.990 1.00 1676
DownSfream
Merge Areas Dlverge Areas
Estimation of v, Estimation of v,
Vig= Ve (Pey) Vi2 = Vg + (Ve - VelPrp
Leg = (Equation 25-2 or 25-3) % (Equation 25-8 or 25-9)
Pry = using Equation {Exhibit 25-5} Pep = 0.600 using Equation (Exhibit 25-12)
Vig= pc/h Vg = 3336 pe/h
V2 0 Vg po/h (Equation 25-4 or 25-5) [V OF Vs 1748 pcth (Equation 25-15 or 25-16)
lsVaorV, ., > 2700 p¢h? ™ Yes [ No lsVyorV, ., > 2700 pch? T~ Yas I No
BVy0rV,, > 15*V,.2 T Yes [ No BV30rV, > 15*°Vy,2 I Yes I No
I Yos,V,,, = pc/h {Equation 25-8) {fYos,V,5, = pcih (Equation 25-18)
Capacity Checks Capacity Checks
Actual (apacity LOSF? Actual Capacity LOS F?
Ve 5084 Exhipit256-14] 7050 No
Veo Exhibit 25-7 Ve =Vp-Vg| 4389 Exhiblt 26-14] 7050 No
Vi 715 Exhibit25-3 1 2100 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Deslrable Violation? Actual Max Desirable Violation?
Vii2 Exhibit25-7| Via 3336 Exhiblt 25-14 I 4400:A1 No
Level of Service Determination (If not F) Level of Service Determination (if not F)
Dp = 5,475 +0.00734 v 5 + 0.0078 V,, - 0.00627 L, Dg =4.252 + 0.0086 V,, - 0.009 L,
Dq = {pc/mifin} Dp= 275 (pe/mifn)
10S=  (Exhibit 25-4) LOS = C (Exhibit 25-4)
Speed Determination Speed Detfermination
Mg=  (Exibit 25-19) D, = 0.362 (Exhibit 25-19)
Se= mph (Exhibit 25-19) Se= 56.7 mph {Exhiblt 25-19)
S,= mph (Exhibit 25-19) So= 68.4 mph (Exhibit 25-19)
S = mph (Exhibit 26-14) S = 60.2 mph (Exhibit 256-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of |

RAMPS AND RAMP JUNCTIONS WORKSHEET

|General Information Site Information

Analyst Caroline Kone Freeway/Dir of Travel [-440 WB

Agency or Company WSP SELLS Junction Off-ramp to Glenwood W8

Date Performed 6/16/2010 Jurisdiction Raleigh™NCDOT/FHWA

Analysls Time Period AM CVA_Ridge Improve Anglysis Year 2000

Project Description  Crabtree Valley

Inputs

Upstream Adj Ramp Teraln: Level Downstream Adj
- - Ramp

Yes On TYes [ On
MNo I oif FNo [ Off
o " S..= 650mph Sen= 450 mph o™
fr= 0 mP FRE WIMP =
My = vehth Sketch ( show lanes, L, Ly Vp,Vy Vo veh/h

Conversion to pc/h Under Base Conditions

IsVy0rV, ., > 2700 peh? ™ Yes I~ No
IsVa0rV, 00> 15V f2 [T Yes I No

{pc/n) (Vexlh 3 PHF Terrain %Truck %Ry fav fo v = VIPHF x iy, x
Freeway 6786 0.92 Level 3 0 0.985 1.00 7487
Ramp 0 0.92 Level 2 0 0.990 1.00 0
UpStream
DownStream

Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig= Vi (Pey) Vig = Vg + (Ve - VRlIPep e

Leq = uation 25-2 or 25-3) Lo = (Equation 25-8 or 25-8Y
Pey = using i Prp = 0.450 usipg-Equation (Exhibit 25-12)
K’ pe/h Vie® 388 pch
[V 0r Va4 pc/h (Equation 25-4 or 25- V30TV ay 4118 pe/h (Equation 25-15 or 25-16)

aas> 2700 peh? 7 ves [ No

VaorV, > 15*V,.2 [ Yes I~ No
If Yos, V5= 4278 pe/h (Equation 25-18)

JifYes,Vyp, = pc/h (Equation 25-8)
[Capacity Checks . Capacity Checks
Actual Capacity LOS F? Acluat Capacity LOS F?
/ Ve 7487 |Exnibitasad| 7050 | Yes
VF/ Exhibit 25-7 Veo = V- V| 7487 Exhibit25-14| 7050 Yes
Vp 0 Exhibit253 | 4100 | “No-.
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Deslrable Violaticn? Actuat Max Desirable Violation?
Vriz Exhibit 25-7| Via 3369 Exhibit 25-14 | 4400:Al No

Level of Service Determination (if not F}

Level of Service Determination (if not F)

Dy, = 5475 +0.00734 v  + 0.0078 V,,, - 0.00627 L,

Dr = 4:262-+-0-0086-Vry—0.000-— 0: 0109V

Dp= {pefmifln) Da= 3@ (pc/mifin) {632 M
L0S=  (Exhibil 26-4) LOS= F(Exhibit25-4) &
Speed Determination Speed Determination

M= (Exibit 25-19)

5= mph (Exhibit 26-19)
S  mph (Exhibit 25-18)
S=  mph(Exhibit 26-14)

D,=  0.298 (Exhibit 25-19)

S, 58.1 mph (Exhibit 26-19)
S,= 627 mph (Exhibit 25-19)
S=  60.0 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of |

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Freeway/Dir of Travel 1440 WB
IAgency or Company WGP SELLS Junction ont-ramp from Glenwood EB
Date Pedormed 6/16/2010 Jurisdiction Raleigh™NCDOTIFHWA
Analysis Time Pericd AM CVA_Ridga Improve Analysls Year 2009
Project Dascription  Crablree Valley
inputs
Upstream Ad] Ramp Terrain: Level Downstream Adj
" - Ramp
d
Yes on F"Yes [ On
™ No F Off  No [ off
Lo 1600 ft b= ft
Spe= 65.0mph Spr= 450mph
Vu = 651 veh/h Sketeh ( show lanes, L, Lp.Vo V) Vo = vehvh
Conversion to pe/h Under Base Conditions
(pc/n) (VeYUhr) PHF Terraln %Truck %Rv fiv fo v = VIPHF x fi, X f,
Fregway 4608 0.92 Lavel 3 0 0.985 1.00 5084
Ramp 1147 0.92 Lavel 2 0 0.890 1.00 1259
UpStream 651 0,92 Leval 2 0 0.990 1.00 75
DownSfream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vip= Ve (Pey) . Vip = Vo + (V- VRIPep
Leq = 1672.88 (Eguation 25-2 or 25-3) Leg = (Equation 25-8 or 25-9)
Pry = 0.589 using Equation (Exhibit 25-5) Pep ® using Equation (Exhivit 25-12)
Vi, = 2997 peh ‘ Vi, = pcih
V01V, g, g‘)’B? pefh (Equation 25-4 or 25- V01V, 0 pe/h (Equation 25-15 or 25-16)
15V, 0rV, 50> 2700 2T Yes ¥ No I8 Vy0rv s> 2,?(10 pofh? !“ Yes r‘ No
5V, 0V, 4,>15* V2 ™ Yes 7 No IsVaorV, > 15*Vif2 7 Yes I No
IF Yes,V,,, = pc/h (Equation 25-8) If Yes,V,,, = pe/h {Equation 25-18)
Capacity Checks Capacity Checks
Aciual Capacity LOSF? Actual Capacity LOSF?
Ve Exhitit 25-14
Veo 6343 | Exhioit 267 No  [Veo=Ve-Vg| Exhlbit 25-14
Vi Exnibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
V12 4256 [Exuibit2s7[ 46001 No Vy, Exhibit 25-14 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5475+ 000734 v  +0.0078 V,, - 0,00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 Ly
Dq = 33.0 (peimifia) Dr=  (pc/mifn)
LOS = D {Exhibit 25-4) LOS=  (Exhibit 25-4)
Speed Determination Speed Determination
Mo= 0522 (Exitit 25-19) Dy=  (Exhibit25-19)
Se=  53.0 mph (Exhibit 25-19) Sp=  mph (Exhibit 25-19)
S;=  59.3 mph (Exhibit 25-19) S;=  mph (Exhibit 25419)
S= 549 mph (Exhibit 25-14) S=  mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page [ of |

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Fresway/Dir of Travel 1-440 EB
IAgency or Company WSP SELLS Jungtion off-ramp 1o Ridge Rd
Date Performed 6/16/2010 Jurisdiction Relelgh/NCDOT/FHWA
Analysls Time Period Pi CVA_RIdge Improve Analysls Year 2009
Project Description  Crabfres Valley
inputs
Upstream Adj Ramp Terraln; Level Downstream Adj
~ - Ramp
Yes On MYes [ On
[ Neo I off [ No I Off
Ly = ft Lown = 830 ft
Sy 650mph Spp = 45.0mph -
Vy= vehth Sketch {show anes, L, L,V ¥y o= 1698 vehh
Conversion to pe/h Under Base Conditions
(pch) (Ve%r) PHF Terraln %Truck %Rv fiv fs v = VIPHF x fiy x
Fresway 4455 0.92 Level 3 0 0.985 1.00 4915
Ramp 143 0.92 Lavel 2 0 0.960 1.00 157
UpStream
DownSiream 1598 0.92 Level 2 0 0.980 1.00 1754
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Via= Ve (Pey} Vig = Vg + (Ve - VP
Leg ™ {Equation 25-2 or 25-3) it (Equation 25-8 or 25-0)
Pru = using Equation (Exhibit 25-5) Pep = 0.630 using Equation (Exhibit 25-12)
Vyp= pcth Vip= 3154 po/h
Va Or Vo pc/h (Equation 26-4 or 256-5) Va0r Vs, 1761 pcih (Equation 25-16 or 25-16)
8V, 0rV, > 2,700 pem? I Yes ™ No 18Va0rV ., > 2700 pch? ™ Yes ¥ No
lsViorV, > 15" V2 " Yes T No IsVy0rV, 0> 15* V2 [" Yes ¥ No
If Yes,V,5, = peih (Equation 25-8) FYe8,Vy,= pc/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Actual Capacity LOS F?
Ve 4915 Exhibit 25-14] 7050 No
Vro Exhibit 25-7 Vig=Ve-Vol 4758  [Exhibit25-14] 7050 No
Vi 157 Exhibit253 | 2100 No
Flow Entering Merge influence Area Flow Entering Diverge Influence Area
Actual Max Deslrable Violation? Actual Max Desirable Violation?
Vria Exhibit 25-7| Vy, 3154 Exhibit 25-14 | 440041 No
Level of Service Determination {if not F) Level of Service Determination (if not F)
Dy, = 5.475 +0.00734 v o + 0.0078 V,, - 0.00627 L, Dy = 4.252 +0.0086 V,, - 0.009 L,
Dp = (pc/mifin) Da= 258 (pc/mifin)
(0S=  (Exhibit 25-4) LOS= G (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  (Exibit 25-19) D= 0.312 (Exhibit 25-18)
Sp= mph (Exhibit 25-19) - Sr® 57.8 mph (Exhiblt 25-19)
S,=  mph (Exhibit 25-19) S¢=  68.3 mph (Exhibit 25-19)
S = mph (Exhibit 25-14) S= 61.2 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Freeway/Dir of Travel 1-440 EB
Agency or Company WSP SELLS Jurclion on-ramp from Glenwood WB
Date Performed 6/18/2010 Jursdiction Ralelgh/NCDOT/FHWA
Analysls Time Period AM CVA_Ridge Improve Analysis Year 2009
Project Description  Crabiree Valley
Inputs
Upstream Ad) Ramp Terrain: Level Downstream Adj
- - Ramp
v
Yes on MYes [ On
FNe IV oOff FNo [ Off
Lo= 830 ft Lin™ Tt
Sp= 65.0mph Spr= 45.0mph
Vo= 818 vehrh Sketch ( show lanes, L, LoV V) Vo= vehh
iConversion to pc/h Under Base Conditions
{pch) (Vexm 0 PHF Terrain GoTruck %R Y fo v = VIPHF x fiy x £
Freeway 4041 0.92 Level 3 0 0.885 1.00 4456
Ramp 612 0.82 Leovel 2 {0 0.880 1,00 672
UpStream 818 0.92 Level 2 0 0.880 1.00 898
DownStream
Marge Areas Diverge Areas
Estimation of v, Estimation of v,
) Vig= Ve '?FM) Vyp = Vg + (Ve - VRIPrp
LEQ = (Equatlon 25'2 or 25'3) LEQ - (Equalion 25.8 or 25_9)
Peas = 0.134 using Equation (Exhibit 25-5) Pep = using Equation (Exhibit 25-12)
Vi, = 586 poth Vi, = pcih
V01V, g, 155)}31 pcth (Equation 25-4 or 25- V,0rV, pelh (Equation 25-15 or 25-16)
s V0V, > 2700 pe? [~ Yes ¥ No s V30r Ve > 2700 peha? [~ Yes I~ No
15V, 0rV,_ o> 157 V.2 17 Yes | No I8V30rVyy > 15" V12 1™ Yes [ No
lir ves,V,, = 1783 peth (Equation 25-8) [ YesVy5q = pe/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacily LOSF? Actual Capacity LOS F?
Ve Exhioit 25-14
Vro 5130 |Exhibit 257 No  [Vro=Ve-Vg Exhitit 25-14
Vg Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Ve 2455 |Exbloit257]  4600:AN No Vig Exhibit 25-14 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5475 +0.00734 v , +0.0078 V., - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dr = 14.9 (po/mifin} Da=  {pc/mifin}
LOS = B (Exhivit 25-4) LOS = (Exhibit 25-4)
Speed Determination Speed Determination
M= 0,231 (Exibit 25-18) D,=  (Exhibit25-19)
Ss= 59,7 mph (Exhibit 25-19) Sp=  mph (Exhibit 25-19)
S 62.0 mph (Exhibit 25-19) S¢=  mph {Exhibit 25-19)
S = 60.9 mph (Exhiblt 25-14) S = mph {Exhibit 25-15)

Copyright @ 2010 University of Florida, All Rights Reserved

file://C:\Documents and Settings\USAP04185\Local Settings\Temp\r2kAC7.tmp

HCS+™ Verslon 5.6 Generated: 7f2172010  12:07 PM

7/21/2010



FREEWAY WEAVING WORKSHEET Page 1 of 1

FREEWAY WEAVING WORKSHEET
General Information Site Information
Analyst G Teng Freeway/Dir of Travel Fn? pl}::\feﬂm_eiltdge Rd
Agency/Company WSP SELLS Weaving Seg Location Ridge Rd to Glenwood Ave
pate Pertormed S o Pek Hour Jurisdiction City of Raleigh/NCDOT/FHWA
¥ y Analysis Year 2009
linputs
Freew"ay free-flow speed, Sg; (mifh) 85 Weaving type B
Weaving number of lanes, N 4 Volume ratio, VR 0.49
Weaving seg [englh, L (ft) 2100 Weaving ratio, R 0.45
Terrain Level |
Conversions to pc/h Under Base Conditions
(pofh) v PHF Truck % RV % E; Er fi fo v
Vi 3011 0.92 3 0 1.5 1.2 0.985 1.00 3321
Vi 0 0.92 2 0 1.5 1.2 0.990 1.0 0
V1 1698 0.92 2 0 15 12 0.990 100 1754
V.0 1301 092 2 0 1.5 1.2 0.860 1.00 1428
v, 382 Vo, 3321
v 6503
Weaving and Non-Weaving Speeds
Unconstrained Constrained
Waeaving (i=w) Non-Weaving (i = nw) Weaving {i=w) Non-Weaving { = nw)

ta {Exhibit 24-6) 0.08 0.0020
b (Exhibit 24-6) 2.20 6.00
¢ (Exhibit 24-6) 0.70 1.00
d (Exhibit 24-6) 0.50 0.50
‘Neaving intensity factor, Wi 0.74 0.77
Weaving and non-weavi
bt 46.58 48.00
Number of lanes required for uncenstrained operation, Nw 220
Maximum number of lanes, Nw (max) 350

I If Nw < Nw(max) unconstrained operation I if Nw > Nw {max) constrained operation
Weaving Segment Speed, Density, Level of Service, and Capacity
Weaving segment speed, S (mih) 46,28
Weaving segment density, D (pe/mifln) 3513
Leval of service, LOS E
Capacity of base condition, ¢, (pc/h) 7630
Capacity as a 15-minute flow rate, ¢ (veh/h) 7528
Capacity as a full-hour volume, ¢, (veh/n) 6924
[Notes
la. Weaving segments longer than 2600 ft, are treated as Isolated merge and diverge areas using the procedures of Chapter 25, "Ramps and Ramp
JJunciions™
bfj%a;?;cas'ty constrained by basic freeway capacity.
jc. Capacity occurs under constralned operating cendilions.
. Thres-lane Type A segments do not operate well at volume ratios greater than 0.45. Poor operations and some local queulng are expected Iin

ch .
F%]Fogf—ls:;fe Type A segmenis do not cperate well at velume ratios greater than 0.35. Poor operations and some local queulng are expected in
ch :
fs.uCap?cSi?ysconstrained by maximum allowable weaving flow rate: 2,800 pc/h (Type A), 4,000 (Type B), 3,500 {Type C).
la. Five-lane Type A segments do not operate well at volume ratios greater than 0.20. Poor operations and some local queuing are expected in such
?_srs:%e B weaving segmenls do not cperata well at volume ratios greater than 0.80. Poor operaticns and some local queuing are expecied In such
Ea‘i's)?:é G weaving segments ¢o not operate well at volume ratios greater than 0.60, Poor operations and some local queuing are expected in such
cases.
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Freaway/OIr of Travel [-440 Wb
Agency or Company WEP SELLS Junction off-ramp to Glenwood EB
Date Performed 6/16/2010 Jurisdletion RaleighMCDOT/FHWA
Analysls Time Period PM CVA_Ridge improve Analysis Year 2009
Project Description  Crabiree valley
Inputs
Upstream Adj Ramp Termaln: Level Downstrearn Adj
" - Ramp
v
Yes on MYes [ On
"N [ Off FNo [ Off
by = 1350 ft Foon™ L
Spp= 66.0mph Spp= 45.0 mph L =
Vo= 2270 velvh Sketoh { showlanes, Ly, Lo Ve V) p=  vehh
|Conversion to pe/h Under Base Conditions
(pch) N e‘,fmr) PHF Tertain %Truck %Ry oy £, |v=VIPHF xfuyxt,
Freaway 3024 0.92 Level 3 0 0.985 1.00 3336
Ramp 556 0.92 Level 2 0 0.990 1.00 610
UpStream 2270 0.92 Level 2 0 0.890 1.00 2492
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vi = Ve (Pry) Viz = Vr * (Ve - VRIPro
Leg = (Equation 25-2 or 25-3}) Leg {Equation 25-8 or 25-9)
Peys = using Equation {Exhibit 25-5) Prn = 0.64% using Equation (Exhibit 25-12)
Viz ™ pcih Vi, = 2378 peth
Vg Or Vs pcoih {(Equation 25-4 or 25-5) Va0tV 958 po/h (Equation 25-15 or 25-16)
JsVy0rV, 0, > 2700 peh? [~ Yes ™ No lsVy0rV, q,> 2700 pc? [~ Yes [ No
IBVaorVo > 15*V,2 [ Yes T No 18Vy0rV, > 15" V2 T Yes IV No
[YesV,,, = pc/h (Eguation 25-8) IFYes,V,p, = pcrh (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capagity LOS F? Actual Capacity LOS F?
Ve 3336 Exhibit 26-14] 7050 No
Veg Extilbit 25-7 Veo=Ve-Va| 2726 |Exnibit2s14| 7050 No
Vi 810 Exhibit 256-3 2100 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Dasirable Violation? Actual Max Desirable Violation?
Vi Exibit 25-7| Vi, 2378 Exhibit 25-14 | 4400:1 No
Level of Service Determination (if not F) ILevel of Service Determination {if not F)
Dp, = 6.475 + 0.00734 v , + 0.0078 V,, - 0.00827 L, Dg = 4.252 +0.0086 V,, - 0.009 L,
Dp = {pc/mifin) Dz=  19.3 (pc/mifin)
.05 = (Exhibit 25-4) LOS= B (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  (Exibit 25-19) D.=  0.353 (Exhibit 25-19)
Se=  mph (Exhibit 25-19) Sg= 569 mph (Exhibit 25-19)
S;=  mph (Exhibit 25-19) 5= 71.3mph (Exhibit 26-19)
S = mph (Exhibit 25-14) S = 60.4 mph (Exhibit 256-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET

General information Site Information
[t\nalyst Caroline Kone Fresway/Dir of Travel [-440 WB
Agency or Company WSP SELLS Jungtion off-ramp o Glenwood WB
Date Performed 6/16/2010 Jurisdiction RaleighNCDOT/FHWA
lAnalysls Time Period PM CVA_Ridge Improve Analysis Year 2008
Project Dascription  Crablres Valiey
Inputs
Upsiream Ad) Ramp Terrain: Level Downstream Ad|
- - Ramp

Yes On TYes [ On
MNo I Off FNo T Off
L= ft L goun = ft

Spp= 65.0mph Sep= 45.0mph _
Vo = vehv/h Sketch ( show tanes, Ly, Ly Ve, V) Vo = vah/h
Conversion to pc/h Under Base Conditions
(peh) ey | P Terrain Wiuek | %Ry Fu £, |v=VIPHF xf x£,
Fresway 5450 0.92 Level 3 0 0.985 1.00 6454
Ramp 0 0.92 Level 2 0 0,990 1.00 0
UpSiream
DownStream
Merge Areas Diverge Areas
Estimation of vy, Estimation of v, -
Vig= Ve (Pey) Vi = Vg * (Vg - VRlPgp—"

leg= uation 26-2 or 25-3) Leg = (Equation 26-8 or 25-9)
Py = using ion (Exhibit 25-5) Pep = using Equation (Extibit 25-12)
V= pc/h Vip= 2004 pe/h
Va Or Vg pe/h {Equation 25-4 or 25= VyorV 3550 pe/h (Eguation 25-15 or 25-16)
15V, 0r Va0 > 2700 peh? I~ Yas I~ No 30 Va4 > 2700 pcfn? [ Yes [ No
IS V30rV, 5> 15*V,2 I Yes I No

Va 0rVyay > 165 V,2 [ Yes [ No
If Yes,V 5= 3688 pc/h (Equation 25-18)

If Yes,V,,, = pc/h (Equation 25-8)
Capacity ChecKks Capacity Chécks.
Actual Capacity LOS F? Actual Capacity LOS F?
Ve 8454  |Exhibit25-14] 7050 No
Vy Exhibit 25-7 Veo = V-Vl 6454 [Extibit2s-14] 7ose. [ o
: Vi 0 Exhibit25-3 | 4100 | Wo-__|
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Vs Exfibit 25.7] Vis 2904 Exhibit 25-14 | 4400:40 No

Level of Service Determination (if not F)

Level of Service Determination (if not F)

D, = 5.476 +0.00734 v , +0.0078 V,, - 0.00627 L,

Dg = 4:262-+-0:0086 Vo, —0:006.L, 0- 0409V

DR = (pc'[mmn) DR = A:G’(pclmlﬂn) 1“}‘ Q? M
L05=  (Exhibit 25-4) L0S= & (Exhibit 25-4) B>
Speed Determination Speed Determination

Mg=  (Exibit 25-19)

Se= mph {Exhibit 25-19)
Sy mph (Exhibit 25-18)
S = mph {Exhibit 25-14)

0,=  0.298 (Exhibit 25-19)

Sx= 581 mph (Exhibit 25-18)
S 64.4 mph (Exhibit 25-19)
S=  60.7 mph (Exhibit 25-15)

Copyright © 2010 University of Florida, Al Rights Reserved

file://C:\Documents and Settings\USAP04185\Local Settings\Tempu2kACF.tmp

HES+M  varsion 5.5 Generated: 7/21/2010 12:11 PM

7/21/2010



RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET

General Information Site Information
Analyst Caroline Kone Fregway/Dir of Travel 1440 WB
[Agency or Company WSP SELLS Junction on-ramp from Glenwood EB
Date Performed 6/16/2010 Jurisdiction RalelghNCDOT/FHWA
Analysis Time Period P CVA_Ridge Improve Analysls Year 2009
Project Dascription  Crabtree Valley
inputs
Upstream Ad) Ramp Terrain: Level Downstrean Adj
v - Ramp
v
Yes on MYes ["On
MNo [ Off FiNo [Toff
Ly = 1500 ft Faonn™ T
Spe= 6850mph Spp= 45.0mph
V= 856 veh/h Sketch ( show lanes, Ly, Lo,V V) o= vehh
Conversion to pe/h Under Base Conditions
(peih) (Ve\rfm) PHF Terrain %Truck %Rv T b v = VIPHE xf, x f,
Freoway 3024 0,92 Level 3 0 0.085 1.00 3336
Ramp 1432 0.92 Level 2 0 0.990 1.00 1572
UpStream 555 0.92 Lovel 2 0 0.990 1.00 610
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig= Ve (Pey) . Vi = Vg + (Ve - VP
Leg® 1365.79 (Equation 25-2 or 25-3) Leo = (Equation 25-8 or 25-9)
Pen = 0600 using Equation (Exhibit 25-5) Py = using Equation {Exhibit 25-2)
Vip= 2003 pcih V(o= pcih
V,0rV, ;:;33 pc/h (Equation 25-4 or 25- V01V, pe/h (Equation 25-15 or 25-16)
15V, 08V, 0 > 2700 peh? I~ Yes  No Is V301 V> 2700 eI Yes T~ No
IsVy0rV, ., >15* V.2 T~ Yes I No T Va0rVi sy > 1.5*Vi2 T Yes I No
If Yesiviza = pC/h (Equation 25_3) I Y&G,Vua = pCJ'h (Equahon 25'18)
Capacity Checks Capacity Checks
Aclual Capacity LOS F? Actual Capacity LOSF?
S Exhibit 25-14
Vg 4908 |Exhibit25-7 No  |Veo=Ve-Vi Exhibit 26-14
Vi Exhiblt 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violatlon? Actual Max Desirable Viclation?
Vo 3675 |Exhibit 57| deoo:Al No Vip Exhibit 25-14 |

Level of Service Determination (if hot F)

Leve! of Service Determination (If not F)

Dg = 5475 +0.00734 v  +0.0078 V,,-0.00627 L,

Dp = 4.252 + 0.0086 V,, - 0.008 L,

D, = 21.5 (pe/miin Dr=  (pc/mlin)
LOS= G {(Exhibit 25-4) LOS=  (Exhibit 25-4)
Speed Defermination Speed Determination

M= (.386 (Exibit 25-19)

S 56,1 mph (Exhibit 25-19)
S 62.0 mph {Exhibit 25-18)
S = 57.6 mph {Exhibit 25-14)

D= (Exhibit 25-19)

Se= mph (Exhibit 25-18)
So= mph (Exhibit 25-19)
5= mph (Exhitit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel [-440 EB
Agency or Company WSP SELLS Junction off-ramp fo Ridge Rd/Glenwood
Date Performed 61712010 Jurisdistion Raleigh/NCDOT/FHWA
Analysis Time Period AM Crabtree Extensions Analysls Year 2035
Project Description  Crabiree Valley
Inputs
Upsiream Adj Ramp Terrain: Level Downstream Adj
Ramp
["Yes  ["On MYss [MOn
MNo  FToff MNo  ITOff
Ly = ft Lo = 900 ft
Sp= 650 mph Spg = 45.0 mph
Vi = veh/h Sketch  show fanss, Ly, Lp,Vg,Vy Vo= 332 vehin
Conversion to pc/h Under Base Conditions
(porh) Ne‘,:mr) PHE Terrain %iTruck YRy v f, = VIPHF X fyyx 1,
Freeway 6851 1.00 Level 3 0 0.885 1.00 6954
Ramp 1829 1.00 Leval 2 0 0.890 1.00 1847
UpSirgam
DownStream 332 1.00 Levél 2 0 0.890 1.00 335
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vg = Ve (Peyy) Vig= Vg + (Ve - VRIPrp
Lea = {Eguation 25-2 or 25-3) e (Equation 25-8 or 25-9)
Pen = using Equation {Exhibit 25-5) Prp = 0.450 using Equation (Exhibit 25-12)
Vi = pe/h Vip= 4145 pcih
V01 Vo pc/h (Equation 25-4 or 25-5) V3 0r V. 2808 pc/h (Equation 25-15 or 25-16)
IsVy0rV > 2,700 poi? [~ Yes I No I8V 0r Va0 > 2,700 poh? " Yes [ No
[SVy0rV, o> 1.5* V2 [~ Yes [ No tsVa0rVye>15*Viy2 [7 Yes ¥ No
If Yes, V9, = pc/n (Equation 25-8) If Yes,Vyp, = 4254 pcfi (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacily LOS F? Actual Capacity LOSF?
Ve 6954 Exhibit 25-14] 7050 No
Vio Exhibit 25-7 Vo= VE-Vg| 5107 Exhibit 25-14] 7050 No
Vi 1847 Exhibit25-31 4100 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actuzl Max Desirable Violation? Actual Max Dasirable Violation?
Viia Exhibit 25-7| Vo 4145 Exhibit 25-14 I 4400:All No
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475 + 0.00734 v & + 0.0078 V/,, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
D = {pc/mifin} Dp= 24,6 (pe/mifn)
08 = (Exhibit 25-4) L0S= G (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  (Exibit 25-19) D, 0.464 (Exhibit 25-19)
Sp= mph (Exhibit 26-19) Sp= 54.3 mph (Exhibit 25-19)
Sg7 mph {Exhibit 25-19) So= 64.7 mph (Exhibit 25-19)
S = mph (Exhibit 25-14}) S = 57.9 mph {Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page [ of |

RAMPS AND RANMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Freeway/Dir of Travel 1-440 EB
Agancy or Company WSP SELLS Junction on-ramp from Crab. Valley Ave
Date Performed 61712010 Jurisdiction Raleigh™NCDOT/FHWA
Analysis Time Perlod AM Crabtree Extensions Analysis Year 2035
Project Description  Crabiree Valley
inputs
Upstream Adj Ramp Terraln: Level Downstream Adj
Ramp
““Yes [20On Fves 7 0n
MNo  froff ["No [T oOff
Lyp = ft Loown™ 1500 ft
8= 650 mph Spr= 45.0 mph
Vy= vehh Sketeh { show lanes, L, Lp Vg, V) Vo= 2002 vehvh
Conversion to pc/h Under Base Conditions
(poi) ey | PHF Terrain Wuck | %Ry v f, = VIPHF xfyxf,
Freeway 5022 1.00 Level 3 0 0.985 1.00 5097
Ramp 332 1.00 Level 2 0 0.880 1.00 335
UpStream
DownStraam 2302 1.00 Level 2 0 0.890 1.00 2325
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig= Ve (Pry) Vg = Vg + (Vg - VRIPgg
Leq = {Equation 25-2 or 25-3} Lgo = (Equation 25-8 or 25-9)
Pew = 0.619 using Equation (Exhibit 25-5) Pep = using Equation (Exibit 25-12)
Vip= 3158 pcth _ V= po/h
Vy0rV,, ;9)’39 pefh (Equation 25-4 or 25- V301V, peih (Equation 25-15 or 25-16)
15 V3 0r V,y 04 > 2,700 poli? [ Yes 17 No Is V3 0rVogy > 2700 pehi? I~ Yes [ No
5 V301V, 00> 1.5 V2 7 Yes ¥ No s V30rVes > 1.8*Viy/2 7 Yes I No
If Yes,Vyg, = po/h (Equation 25-8) IfYes, Vg, = peh (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Aclual Capacify LOS F?
Ve Exhibit 25-14
Ve 5432 | Exhibit 257 No Veo = Vg - Vg Exhibit 25-14
Vi Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Aclual Max Desirable Violation?
Vo 3493 Exhibit 257 4600:Al No ' Exhibit 25-14 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475 +0.00734 v 5 +0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0086 V, - 0.008 L,
Dp = 23.2 {peimifin) Dr=  (pc/mifin)
LOS = C (Exhibit 25-4) LOS= {Exhibit 25-4)
Speed Determination Speed Determination
Mg=  0.314 (Exibit 25-19) ;= (Exhibit 25-19)
Sp=  57.8 mph (Exhibit 25-19) 5= mph (Exhibit 25-19)
3= 59.8 mph (Exhibit 25-12) Sg=  mph {Exhibit 25-19)
5= 58.5 mph (Exhibit 25-14) 5= mph {Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst G Teng Freeway/Dir of Travel 440 EB
IAgency or Company WSP SELLS Junction on-ramp from Glenwood WB
Date Performed 6/16/2010 Jurisdiction RaleighNCDOT/FHWA
Analysis Time Period AM Crablree Extensions Analysis Year 2035
Proisct Description  Crabtree Valley
Inputs
Upsiream Adj Ramp Terrain: Level Downstream Adj
Ramp
" Yes 1 On MYes [F0On
FFNo [ Off MNo  IToff
L= 1200 ft - b= T
£ = 65.0 mph Spg= 45.0 mph
Vu= 202 vehh " Sheloh (showlanss L LpVa¥) Vo= vehh
|Conversion to pc/h Under Base Conditions
(neh) (Vavmhr) PHF Terrain %Truck %Ry frv fp v = VIPHF x f, x fp
Freeway 7656 1.00 Leval 3 0O 0.985 1.00 7771
Ramp 1163 1.00 Level 2 [t 0.980 1.00 1175
UpStream 2302 1.00 Level 2 ¢ 0.980 1.00 2325
DownStream
Morge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig= Ve (Pey) Vip =V + (Vi - V)P
leq ® (Equation 25-2 or 25-3) Lo (Equation 25-8 or 25-9)
Py = 0.071 using Equation (Exhibit 25-5) Peo = using Equation (Exhibit 25-12)
Vi = 551 po/h Vi, po/h
V3 0 Ve ggm po/h (Equation 25-4 or 25- V3 0 Vi pof {Equation 25-16 or 25-16)
I5 Vg 01 Vg > 2700 ph? 7 Yes [~ No 15 V301 Vg4 > 2,700 pehi? [ Yes [ No
15V, 0rV, 5> 15* V12 7 Yes 7 No | 18Va0rVo > 184 V0i2 [T Yes 7 No
If Yos,Vyy, = 3108 pofh (Equation 25-8) 1 1fYes,Vigy = pe/h {Equation 25-18)
Capacity Checks Capacity Checks
Aciual Capacity LOS F? Aclual Capacity LOS F?
Vi Exhibit 25-14
Vig 8946 | Exibit 257 No  |Veo=Ve-Vg Exhibit 25-14
VR Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actusl Max Desirable Violation? Actual Max Dasirable Vicfation?
Vriz 4283 Exhiblt 25-?| 4800:A1 No Vo Exhiblt 25-14
Level of Service Determination (if hot F) Level of Service Determination (if not F)
Dg =5.475 +0.00734 v o +0.0078 V., - 0.00627 L, Dp = 4.252 + 0.0086 V,, - 0.009 L
Dr= 28.9 (pe/mifin D= (pe/mifin)
LOS = D {Exhibit 25-4) LOS = (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  0.469 (Exibit 25-19) D, = (Exhibit 25-19)
Sp=  54.2 mph {Exhibit 25-19) Sp= mph (Exhibit 25-19)
5= 58.3 mph {Exhibit 25-19) Sg= mph (Exhibit 25-19)
S = 56.3 mph {Exhibit 25-14) S = mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET Page 1 of 1

RANPS AND RANMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Freaway/Dir of Travel 1-440 WB
Agency or Company WSP SELLS Junction off-ramp to Glenwood/CVA
Date Performed 6/17/2010 Jurisdiction Raleighf™NCDOT/FHWA
Analysis Time Period AM Crabtres Exiansions Analysis Year 2035
Project Description  Crabtree Vallay
Inputs
{Upstream Adj Ramp Terain: Levet Downstream Adj
Ramp
MYes [ On Fyes [ on
MNo  [oOff FNo I7OR
Lyp = ft o = ft
Sgr= 65.0mph Sgg= 45.0mph
Vi = veh/h Skelch ( show lanes, Ly, L, Ve,V Vo= veh/h
Conversion to pc/h Under Base Conditions
{pcih) (Vethr) PHF Terrain %Truck %Rv fiv fp Vv = VIPHF x i3 x f,
Fresway 12893 1.00 Level 3 0 0.885 1.00 13086
Ramp 0 1,00 Level 2 0 0.690 1.00 0
UpStream
DownSiream
Merge Areas Diverge Areas
Esﬂn@ion of Vya Estimation of Vyo /"‘”
Vig= Ve (Pry) V12=VR+(VF'\j;ﬁD/
Leq = uation 25-2 or 25-3) Lo = (EquaWS or 25-9)
Peyt = using ion (Exhibit 25-5) Pro = . using Equation (Exhibit 25-12)
Vi, = pc/h Vo = 2722 peh
Vs 0r Vopn pcih (Equation 25-4 or 25- [V orV. 3873 po/h (Equation 25-15 or 25-16)
I§ Vyor V00 > 2700 pohh? I Yes 1 No HsVy0rV, 5, > 2700 peh? I Yes [ No
Is V50r Vyas > 15* Vo2 7 Yes T No e V3 0r Voas > 1.5* Vo2 7 Yes 7 No
Jif Yos,Vyy, = pcih (Equation 25-8) llfs‘@@“\ 4187 pcih (Equation 25-18)
Capacity Checks Capacity Chacks
Aclual / Capacity LOS F? Ac{ual\ Capacity LOS F?
Ve 10469 |Exnibtss<d| 9400 | Yes
/VV' Exhiolt 25-7 Vo =Ve-Ve| 0469 [Exniitos-14] “maeo. | ves
Vi 0 Exhibit253 | 4100 | “Ne-
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual iax Desirable Viclation?
Vii2 Exhibit 25-7 Vig 2722 Exhibit 25-14 | 4400:Al No
Level of Service Determination (if not F) Level of Service Determination (if not F)

Dg = 5.475 + 0.00734 v & + 0.0078 V,, - 0.00627 L, Dg = 4:262-+-0:0086-V-0009.L,, (- 0109 Vg
Or = {pc/mifin) Dr= 358 (po/mifin) 26.53 N
L0S=  (Exhibit 25-4) L0S= F{Exhibit25-4) D
Speed Defermination Speed Determination
Mg=  (Exibit 25-19) D,= 0298 (Exhibit 25-19)

Se=  mph (Exhibit 25-19) Sr= 8.1 mph (Exhibit 25-19)
S,=  mph (Exhibit 25-19) Sg=  63.0 mph (Exhibit 25-19)
S = mph (Exhibit 25-14) 5= 60.9 mph {Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RANMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Freeway/Dir of Travel I-440 WB
Agency or Company WSP SELLS Junction on-ramp from Crab. Vailey Ave
Date Performed 61712010 Jursdlction RaleighNCDOT/FHWA
IAnalysls Time Period AM Crabtree Extensions Analysis Year 2035
Project Deseription  Crabtres Valley
Inputs
Upstream Adj Ramp Terrain: Level Downstrearn Ad]
v W Ramp
W W
Yes On MYes [7On
" No = Off 7 No I Off
Lo = 375 ft L jomn = ft
§ = 65.0mph Spp= 46.0 mph =
V= 1310 veh/n Sketch { show lanss, L, Ly Vg, V) LA veh/n
|Conversion to pc/h Under Base Conditions
(po) A i Terrain Wik | %Rv fu b, = VIPHF x fyy
Freaway 10064 1,00 Love! 3 0 0.985 1.00 10215
Ramp 853 1.00 Leve! 2 0 0.990 1.00 862
UpStream 1310 1.00 Leve! 0 0 1.000 1.00 1310
DownStream
Merge Areas Diverge Areas
Estimation of v, |Estimation of v,
Vio= Ve (Pry) Viz= Vg (Ve - VRIPep
Leq (Equation 23-2 or 25-3) Leq = (Equation 25-8 or 25-0)
Py = 0110 using Equation (Exhikit 25-5) P using Equation (Exhibit 25-12)
V3 0r V0 2?45 pe/h (Equation 25-4 or 25- 40TV, poft {Equation 25-15 or 25-16)
Is V3 or Vav34 » 2,700 pcm? I¥ Yes I~ No Is V3 or V8V34 > 2,700 pc!h? 7 ves [ No
* s
IsV0rV, 0> 15*Vy,2 ¥ Yes I No I8 Va0r Ve > 15* V2 [V Yes [ No
i Yesv.,, = 4086 pe/h (Equation 25-8) If Yes,Vyg, = peth (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacily LOS F? Aclual Capacity LOS F?
Ve Exhibit 25-14
Ve 11077 | Exhivit 25-7 Yes  {Vpo=Ve-Vi Exhibit 25-14
Vi Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual May Desirable Violation? Actual Max Desirable Vialation?
Vi 4948 |Exhibit25-7]  4600:Al Yes Vi, Exhibit 25-14
Level of Service Defermination (if not F) Level of Service Determination (if not F)
Dg = 5.475 +0.00734 v  +0.0078 ¥, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.000 L,
Dg = 38.3 (pe/miin) Dp = {pc/mifin)
10§ = F (Exhibit 25-4) LOS= ({Exhibit 25-4)
Speed Determination Speed Determination
Mg=  0.794 (Exibit 25-19) Os=  (Exhibit25-19)
Se=  46.7 mph (Exhibit 25-19) Op=  mph (Exhibit 25-19)
Se= 539 mph {Exhibit 25-19) So=  mph (Exhibit 25-19)
g = 50.4 mph {Exhibit 25-14} S = mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Iinformation Site information
Analyst Caroline Kona Freeway/Dir of Travel -440 EB
Agency or Company WSP SELLS Junetion off-ramp {o Ridge Rd-Glenwood
Date Performed 611712010 Jurisdigtion RaleighMNCDOT/FHWA
Analysis Time Period PM Crabireg Extensions Anglysis Year 2035
Project Description  Crabtres Valley
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
7 Ramp
[MYes  T"on MYes FOn
"No  T™off FNo  IFof
Lop = ft P 800 ft
8= 65.0mph Se = 45.0 mph _
Mu = veh/h Sketeh ( show lanes, Ly, LD,V:,TIE) Vo = 72t veh/n
Conversion to pc/h Under Base Conditions
(perh) vemy | PP Tertein wWTuck | %R v £, = VIPHF xfyy xt,
Freeway 8463 1.00 Leval 3 0 0.985 1.00 8590
Ramp 2742 1.00 Leve! 2 0 0.990 1.00 2769
UpStream
DownSiream 721 1,00 Levat 2 0 0.990 1.00 728
Merge Areas Diverge Areas
|Estimation of v, Estimation of v,
Vig = Ve (Pey) Viz= VR + (Ve - VrlPrp
Leg = {Equation 25-2 or 25-3) Lzq = (Equation 25-8 or 25-9)
Py = using Equation (Exhibit 25-5) Prp = 0.450 using Equation (Exhibit 25-12}
Vyg pc/h Vg = 5388 pc/h
[V 07 Vs pcsh (Equation 25-4 or 25-5) Vs OF Vg 3202 pc/h (Equation 25-15 or 25-16)
s Va0r Va0 > 2,700 peh? I~ Yes 7 No Is Vy0rV, 00> 2700 pch? " Yes [~ No
8 Va0rV, 00> 1.5Vl [~ Yes 7 No I8 Vy0rV,os > 1.5° V2 7 Yes ¥ No
If Yes,Vyy, = pefh (Equation 25-8) If Yos,Vyy, = 5890 pc/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Ve 8590 Exhibit 25-14] 7050 Yes
Veo Exhibit 25-7 Veo=Ve-Vg| 5821  |Exhivit25-14| 7050 No
Ve 2769 Exhibit25-3 | 4100 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Viclaticn? Actual Max Desirable Violation?
Vaiz Exhibit 25-7| Vio 5388 Exhibit 25-14 | 4400:Al Yes
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dy = 6.475 + 0.00734 v  + 0.0078 V,, - 0.00627 L, Dy, = 4.252 + 0.0086 V,, - 0.009 Ly,
Or = {pc/mifin) D= 38,7 {(poimifin)
L.0S = {Exhibit 25-4} LOS = F (Exhibit 256-4)
Speed Determination Speed Determination
Mg=  (Exibit 25-19) D,= 0547 (Exhibit 25-19)
Sp=  mph (Exhibit 25-19) Sp= 524 mph (Exhibit 25-19)
So= mph (Exhibit 25-19) Sy= 64.7 mph (Exhibit 25-19)
S = mph (Exhibit 25-14) S = 55.7 mph (Exhlbit 25-15})
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Fresway/Dir of Travel [-440 EB
Agency or Company WSP SELLS Junction cn-ramp from Crab, Valley Ave
Date Performed 6/17/2010 Jurisdiction RalelghNCDOTIFHWA
Analysls Time Pariod PM Crabtree Extensions Analysis Year 2035
Project Description  Crabtree Valley
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
E - Ramp
=Y 20
es n MYes FoOn
¥ No I~ Off ™ No = Off
by = ft —— 1500 ft
Spp= 65.0mph Ser= 450 mph =
Vy=  vehrh Sketh ( show fanes, L, Lp. Vg, V) p= 2485 vehh
Conversion fo pc/h Under Base Conditions
(poh) very | PHF Terrain WTruck | %Ry fr f, o= VIPHE X X,
Freeway 5721 1.00 Level 3 0 0.985 1.00 5807
Ramp 721 1.00 Level 2 0 0.990 1.00 728
UpSfream
DownStream 2465 1.00 Lavel 2 0 0.990 1.00 2480
Marge Areas Diverge Areas
Estimation of v, Estimation of v,
V1= Ve (Pew) Vyp = Vo + (Vg - V)P
beq = {Equation 25-2 or 25-3) Leq = {Equation 25-8 or 25-9}
PFM = 0.619 using Equation (Exhibit 25-5) PFD = using Equation {Exhibit 25-12)
V12 = 3597 pth V12 = pclh
IV, 0r Vg gw pe/h (Equation 25-4 or 25- V3 0V, pe/ (Equation 25-15 or 25-18)
Is Vy0r Va4 > 2,700 pf? [~ Yes ¥ No lsVy0rV, ., > 2,700 pch? [ Yes [~ No
I8 Va0r V> 15 V2 7 Yes ¥ No 18V30r Vo0 > 15* V2 % Yes [ No
If Yes,V 4y, = po/h (Equation 25-8) IfYes,Vyp, = pc/h (Equation 25-18)
Capacity Checks Capacity Checks
Aclual Capacity LOS F? Actuat Capacity LOS F?
Ve Exhibit 25-14
VFO 6535 Exhibit 25-7 No VFO = VF - VR Exhibit 25-14
A Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Violation? Aclual Max Desirable Violation?
Viiz 435 |Exhibt257]  4600:Al No Vi Exbibit 25-14
ILevel of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475 +0.00734 v o + 0.0078 V;, - 0.00627 L, Dg = 4.252 + 00086 V,, - 0.009 L
Dp = 29.5 (pc/mifin) Dp=  (pc/mifin)
LOS = D (Exhibit 25-4) LOS = (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  0.481 (Exibit 25-19) Ds=  (Exhibit 25-19)
Sz=  53.9 mph (Exhibit 25-19) Sg=  mph (Exhibit 25-19)
5= 58.8 mph (Exhibit 25-19} So= mph (Exhibit 25-19)
S = £5.5 mph (Exhibit 25-14} 3 = mph {Exhibit 25-15)

Copyright © 2010 University of Fiorida, All Rights Reserved

file://C:\Documents and Settings\USAP04185\Local Settings\Temp\uw2kB1 A tmp

HCS+™ Verslon 5.5

7/21/2010

Generated: 7/24/2010 12:47PM



RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RANMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst G Teng Freeway/Dir of Travel \-440 EB
[Agency or Company WSP SELLS Junction on-ramp from Glenwood WB
Date Performed 6/16/2010 Jurisdiction RaleightNCDOT/FHWA
Analysls Time Period PM Crabtree Ex{ensions Analysls Year 2035
Project Dascription  Crabtree Vailey
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
o > Ramp
v v
Yes On FiYes [70n
“No  T=off FiNo [IToff
g 1200 ft o= H
Spe= 65.0mph Spr= 45.0 mph =
Vi = 2465 veh/h Sketch { show lanes, Ly, Ly, Ve,V) o~ veh/h
IConversion to pc/h Under Base Conditions
{pofh) (Ve\I;'fhr} PHF Terrain %Tiuck %Rv fuy fa v = VIPHF x iy x £
Fresway 8907 1.00 Level 3 0 0.985 1,00 8041
Ramp 1080 1,00 Level 2 0 0.890 1.00 1104
UpStream 2465 1.00 Lovsl 2 0 0.890 1.00 2490
DownStream
Marge Areas Diverge Areas
Estimation of v, |[Estimation of v,
Vo= Ve (Pry) Vip = Vg + (Ve - VR)Ppp
LEQ = (Equation 25-2 or 25-3) LEQ = {Equation 25-8 or 25-9)
P{-‘M = 0.080 using Equation (Exhibit 25-5) PFD = using Equation (Exhibit 25-12)
Vm = 725 pC/h ) V12 pc’h
V, 01 Vg 21)58 pe/h (Equation 25-4 or 25- Vo O V50 po/h {Equation 25-15 or 25-16)
Is VyorV, 04> 2700 poia? 7 Yes I No Is V3 0r V0 > 2,700 poin? r‘ Yes F No
|SV30TVM4>1.5*V12-{2 TJ'YGS I‘“’NO ISV30TV3,[34>1.5 V'IZIZ FYBS rNO
It Yos, ¥y, = 316 po/h (Equation 25-8) ifYes Vy,, = pcrh (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Vi Exhioit 25-14
Veo 10142 |Exhibit 25.7 Yes  |Veo=VE-Vg Exhioit 25-14
A Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actuzl Max Desirable Violation?
Viio 4117 [Exnibit257]  dgo0:Al Yes Vi, Exhibit 25-14
Level of Service Determination (if not F) Level of Service Determination (if not F)
D =5.475 +0.00734 v o +0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.008 L,
O = 324 (pe/mifin} Dr=  (pc/miin)
LOS = F (Exhibit 25-4) LOS =  (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  0.622 (Exiblt 25-19) D, = {Exhibit 25-19)
Se=  50.7 mph (Exhibit 25-19) Sg= mph (Exhibit 25-19)
So= 56.0 moh (Exbibit 25-19) 5= mph {Exhibit 25-19)
5= 53.4 mph (Exiibit 25-14) S = mph (Exhibit 25-15}
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RAMPS AND RAMP JUNCTIONS WORKSHEET Page 1 of |

RAMPS AND RANMP JUNCTIONS WORKSHEET
General Information Site Information
[Analyst Caroline Kone Freeway/Dir of Travel 1-440 WB
Agency or Company WSP SELLS Junction off-ramp to Glenwood/CVA
Date Performed 6/17/2010 Jurisdiction RalelghNCDOT/FHWA
JAnalysis Time Period PM Crablree Extansions Analysis Year 2035
Project Descriplion _Crablree Valley
inputs
Upstream Adj Ramp Teraln: Level Downstream Adj
Ramp
[FYes [-On MYes [70n
M No [~ off ¥ No [ Off
e " § = 650 mph Ser= 450 mph o™
= 65.0mp er = 46.0mp
My = vehth T sheteh ( show lanes, L, L.V, Vo= vehh
Conversion to pc/h Under Base Conditions
{pcin} (Ve\timr) PHF Terrain %Truck %Rv frv fo V= VIPHF Xy xf,
Freeway 11115 1.00 Level 3 0 0.985 1.00 11282
Ramp 0 1.00 Laval 2 0 0.890 1.00 0
UpSiream
DownStream
Morge Areas Dlverge Areas
Estimation of v, Estimation of v, P
Vi = Ve (Pry) Vip = Vg * (Vg - V)P
Leq = uation 25-2 or 25-3) Leq = (Equation 258 or 25-9})
Pry = using Equation (Exhibit 25-5) Pep = using Equation (Exhibit 25-12)
S pcih V12 = 2347 po/h
Vs 0r Vonu pc/h {Equation 25-4 or 25- [V orV, 3339 po/h {(Equation 25-15 or 25-16)
Is V307 V00 > 2,700 pe/h? [ Yes [ No Vo 0rV,q > 2,700 poi? I Yes [ No
s Vy0rV,a > 1.5* V2 [7 Yes [ No Vool Vg, > 1.5*Vi2 |7 Yes 7 No
[YesVyy, = pc/h {(Equation 25-8) M 3610 pc/h (Equation 25-18)
Capacity Checks — Capacity Checks
Actual Capacily LOS F? AcluaI\ Capacity LOS F?
Ve 0026 |exnibiesa4] 9400 | Mo
Vi Exhibit 25-7 Veo=Ve-Ve| 9026 [Exaibitos14] “mse | no
Vi 0 Exhibit25-3 | 4100 | “No-
Flow Entering Merge Influence Area Flow Enfering Diverge Influence Area
Aclual Max Desirabls Violation? Actual Max Desirable Violation?
Vit Exhibit 25-7| Via 2347 Exhibit 25-14 | 4400:All No
Level of Service Determination (if not F) Level of Service Determination (if not F)

Dg = 5.475 + 0.00734 v o + 0.0078 V, - 0.00627 L, Dg = 4:262+06:0086¥,5=0:0091, o0 0{09Vp
D= (pc/mifin) D= %8 (po/mifin) 24.59 N
LOS = {Exhibit 25-4) LOS= .p-(Exhibit25-4) &

Speed Determination Speed Determination

Mg=  (Exibit 25-19) D,= 0208 (Exhibit 26-19)

Se=  mph (Exhibit 25-19) Sg=  58.1mph (Exhibil 25-19)

S;=  mph (Exhibit 25-19) S~ 64.8 mph (Exhibit 25-19)

S = mph (Exhibit 25-14) 5= 61.9 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RANMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Freeway/Dir of Travel |-440 WB
Agency or Company WSP SELLS Junction on-ramp from Crab. Valley Ave
Date Performed 811712010 Jurisdiction Ralelgh/NCDOT/FHWA
Analysis Time Pariod PM Crablree Extensions Analysis Year 2035
Project Description  Crabfres Valley
nputs
Upstream Adj Remp Terrain: Level Downstream Adj
Ramp
MYes [ On MYes [7On
I“No  T7Off MNo  I7Off
Ly = a5 A h — Lom™ I
S¢e= 650mp rr = 45.0mph
V= 1339 vehh " Sieteh (stowlanes, Ly, LoV, ¥) o= vend
[Conversion to pc/h Under Base Conditions
(pch) (Ve\?'llfhr) PHF Terrain %Truck %Ry frw fa v = V/IPHF x f, % fp
Freeway 7085 1.00 Level 3 0 0.985 1.00 7191
Ramp 1524 1.00 Level 2 0 0.9%0 1,00 1539
UpStream 1339 1.00 Level 0 0 1,000 1.00 1339
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig= Ve ( F_’FM) Vig = Vg + (Ve = VeIPrp
'ea (Equation 25-2 or 25-3) Leq = (Equation 25-8 or 25-9)
Pru = 0,025 using Equation (Exhibit 25-5) Pro = using Equation (Exhibit 25-12)
Vo = 183 poth Vo = pe/h
Vy OV, 50 25)04 pc/h (Equation 25-4 or 25- V, OV, 00 och (Equation 25-15 or 25-16)
Is Vyor Ve, > 2700 poh? 7 Yes I~ No Is Vg or V30 > 2,700 pch? 7 Yes ™ No
I8 Vy0r V> 15°V2 7 Yes ™ No Is V30r Vaugq > 15" Vpl2 T Yes T No
H Yes. Vg, = 2876 po/h (Equation 25-8) If Yes,Vyg, = pe/h (Equation 25-18)
ICapacity Checks Capacity Checks
Actual Capacity LOS F? Aclual Capacily LOS F?
Ve Exhibit 25-14
Vig 8730 |Exhibit 257 No Veo = Ve - Vg Exhibit 25-14
Vg Exhipit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Viclation? Acluat Max Desirable Violation?
Ve, 4415 [Exhibit25-7] 4600l No Vi Exhibit 25-14 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dy = 5475 +0.00734 v , +0.0078 V,, - 0.00627 L, Dy = 4.252 + 0.0086 V,, - 0.009 L,
Dr= 339 (pe/mifin} O = (pc/mifin}
LOS = B (Exhibit 25-4) LOS=  (Exhibit 25-4)
Speed Determination Speed Determination
Mg = 0.567 (Exibit 25-19} D, = {Exhibit 25-18)
Sp= 52,0 mph (Exhibit 25-19) Sk=  mph (Exhibit 25-19)
S~ 59.0 mph (Exhibit 25-19) Sy=  mph (Exhipit 25-19)
S = 55.2 mph (Exhibit 25-14) S = mph (Exhibit 25-15)
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2035 CVA Extension to I-440



RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel -440 £B
Agency or Company W8P SELLS Jusnglion off-ramp to Ridge Rd
Date Performed 61712010 Jurisdiction Raleigh/NCDOT/FHWA
[Analysis Time Period AM CVA Ext. fo 1-440 Analysis Year 2035
Project Description Crabiree Vallay
Inputs
iIpstream Adj Ramp Terrain: Level Downstream Adj
_ Ramp
Myes T-0On Fves ¥ On
IMNo I~ Off FNo 7O
Lup = ft Lo = 900 fi
S = 65.0mph Sep = 45.0mph _
My = veh/h Sketch { show lanes, Ly, Lp,Via, V) Vo= 744 veh/h
iConversion to pc/h Under Base Conditions
(pch) (Ve}:mr) PHF Terrain %Truck %Rv firy fo v = VIPHF X fiy, x f,
Freeway 6851 1.00 Levet 3 0 0.285 1.00 6954
Ramp 1829 1.00 Leve! 2 0 0.90 1,00 1847
UpStream
DownStream 744 1.00 Level 2 0 0.990 1.00 751
Marge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig= Ve (Pey) Vi ® Vg * (Ve - VIPep
Leq = {Equation 25-2 or 25-3) Leq = (Egquation 25-8 or 25-9)
Pey = using Equation (Exhibit 25-5) Prp = 0.45¢ using Equation (Exhibit 25-12)
Vo = pein Vi = 4145 peih
¥y O Voyae pc/h (Equation 25-4 or 25-5) Vi 07V as 2809 pe/h (Equation 25-15 or 25-16)
[5 V3 07 Vs > 2700 pch? [ Yes [ No Is V3 0r V., 50 > 2700 peh? 7 Yes 7 No
IsVa0rV o > 1.5* Vo2 [ Yes [ No I5VyorV, > 15* V2 I Yes i No
If Yes, Vo, = pc/h (Equation 25-8) If Yes,Vm_a = 4254 pelh (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Ve 6954  |Exhibit25-14| 7050 No
Veo Exhibit 25-7 Veo =VE-VR| 5107 Exhiblt 25-14| 7050 No
Vi 1847 Exhibit 25-3 | 4100 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirabla Violation?
Vi Exhibit 25-7 Vio 4145 Exhibit 25-14 | 4400:Al No
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dy = 5475 + 0.00734 v 5 + 00078 V,, - 0.00827 L, Dr=4.252 +0.0086 V,,, - 0.00¢ L,
Dg = (pe/mifin) Dp= 246 {pc/mifin)
LOS = (Exhibit 25-4) LOS = C {Exhibit 25-4)
Speed Determination Speed Determination
M = (Exibit 25-19) D, = 0.464 (Exhibit 25-19)
Se=  mph (Exhibit 25-19) Sz=  54.3 mph (Exhibit 25-19)
S;=  mph (Exhibit 25-19) S¢= 647 mph (Exhibit 25-19)
S = mph {Exhibit 25-14) S= 57.9 mph {Exhibit 25-15)

Copyright © 2010 Universify of Florida, All Rights Reserved

file://C:\Documents and Settings\USAP04185\Local Settings\Tempu2kADE. tmp

HCS+™ varsion 6.5

7/21/2010

Genersted: 7/21/2010 12:37 PM



RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel 1440 EB
Agency or Company WSP SELLS Jungtion on-ramp from Crab/ Valley Ave
Date Performed 8172010 Jurisdiction RaleighNCDOT/FHWA
Analysis Time Period AM CVA extension to 1-440 Analysls Year 2035
Project Description  Crablree Valley
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
Ramp
“Yes [ On Fyes [ on
MNo - Off FNo  [off
byp = ft Laun > 1500 ft
S = 650 mph S = 450 mph
Vy = veh/h . " Skefch { show lanes, L, LD.V:.?v’f) Vo = 1890 vehh
Conversion to pc/h Under Base Conditions
{pch) (VeXIhr) PHF Terrain %Truck %Ry frov fo v = VIPHF X fy, x f,
Freeway 5022 1,00 Level 3 0 0.985 1.00 5047
Ramp 744 1,00 Leval 2 0 0.990 1.00 751
UpSiream
DownStream 1890 1.00 Level 2 0 0.980 1.00 1908
Merge Areas Diverge Areas
|Estimation of v, Estimation of v,
Vip= Ve (Pry) V5= Vg + (Ve - VoiPep
leq * (Equation 25-2 or 25-3) Leq = (Equation 25-8 or 25-9)
Pry = 0.619 using Equation {Exhibit 25-5) Pep = using Equation (Exhibit 25-12)
Vig = 3158 pe/h Vyp = pc/h
[V 0r Vo 155;39 pah (Equation 25-4 or 25- [V OF Vo s pe/h (Fquation 25-15 or 25-18)
I8 V3 0r Vg > 2,700 peih? I~ Yes 7 No Is Vg or Vg > 2700 polh? I Yes [ No
5 V30r Vg > 164 V12 7 Yes " No I8 V30r Vo > 1.5 V2 I~ Yes 7 No
I Yos,V., = pe/h (Equation 25-8) IfYes,Vyp, = pcfh (Equation 25-18)
Capacity Checks Capacity Checks
Aclual Capacity LOSF? Actual Capacity LOS F?
Ve Exhibit 25-14
Veg 5848 Exhibit 25-7 No Veo = Ve - Vi Exhibit 25-14
Vi Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Violation? Actual Max Desirable Viglation?
Viiz 3909 Exhibit 25-7| 4600:All No Vis Exhibit 25-14
Level of Service Determination (if not F) Level of Service Defermination (if not F)
Dp = 5475 +0.00734 v  +0.0078 V., - 0.00827 L, Dpg = 4.252 + 00086 V,, - 0.009 L,
Dp = 26.2 {pcimifln) De = (pc/mifin}
t0S = C (Exhibit 25-4) LCS = {Exhibit 25-4)
Speed Determination Speed Determination
Mg=  0.380 (Exibit 25-19) Og=  (Exhibit 25-19)
Se=  56.3 mph (Exhiit 25-19) Sr=  mph (Exhibit 25-19)
Sg=  59.8 mph (Exhibit 25-19) Sq=  mph (Exhibit 25-18)
S = 57.4 mph (Exhibit 25-14) S = mph {Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel |-440 EB
Agancy or Company WSP SELLS Junetion on-ramp from Glenwood WB
Date Performed 611712010 Jurisdistion RaleighNCDOT/FHWA
Analysis Tima Period AM CVA extension to [-440 Analysis Year 2035 .
Project Descripfion  Crabtres Valley
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
Ramp
MYes [ On Fves [ on
[FNo ™ oOff MNo  [I7oOff
Lyp = 1200 #t Lom=
8= 650 mph Spr* 45.0 mph
My = 1890 veh/n Sketch ( show tanes, Ly, Lp,Va,Vy) Vo = veh/n
Conversion to pc/h Under Base Conditions
{pci) (Ve\ifmr) PHF Terraln %Truck %Rv fv i v = VIPHF X fyy X
Freeway 7656 1.00 Level 3 ] 0.985 1.00 7771
Ramp 1163 1.00 Leval 2 0 0.990 1.00 1175
UpSiream 1890 1.00 Leval 0 0 1,000 1.00 1830
DownStream
Mergs Areas Diverge Areas
Estimation of v, Estimation of v,
Vo= Ve (Pryy) Vip= Vg + (Vg - VelPrp
Lro = {Equation 25-2 or 25-3) Lo = (Equation 25-8 or 25-9)
Peyg = 0.071 using Equation (Exhibit 25-5) Peo= using Equation (Exhibit 25-12)
Vg = 551 pc/h 0= pc/h
VaorV, 26)510 po/h (Equation 25-4 or 26- [V O Voa pe/h (Equation 25-15 or 25-16)
15 V4 0r V00 > 2700 poh? 7 Yes I No Is Vg 0r V54 > 2,700 psh? l“:T Yes r" No
I Vy0r V> 165 Vipl2 7" Yes I No s Va0rVag > 157 Vip2 17 Yes [ No
[ ves,v,,, = 3108 porh (Equation 25-8) [EYes,Vyz = po/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capatity LOS F? Actual Capacity LOS F?
Ve Exhibit 25-14
Veo 8946 | Exhibit 25.7 No  |Veo=Ve-Vp Exhibit 25-14
A Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influgnce Area
Actual Max Desirable Violation? Actual Max Desirabls Violation?
Vri2 4283 [Extbitos7]  4600:A0 No Vis Exhibit 25-14 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dy = 5.475 +0.00734 v o +0.0078 V,, - 0.00627 L, Dp, = 4.252 + 0.0086 V,, - 0.009 L,
Dp = 28.9 {pefmifln} Dp = (pefmifin)
LOS = D (Exhibit 25-4) LOS = (Exhibit 25-4)
Speed Defermination Speed Determination
Mg=  0.469 (Exibit25-19) Dy=  {Exhibit 25-19)
Se=  54.2mph (Exhibit 25-19) Sz mph (Exhibit 25-19)
S 56.3 mph (Exhibit 25-19) S~ mph (Exhibit 25-19)
S = 56.3 mph (Exhibit 25-14) S = mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RANMPS AND RAMP JUNCTIONS WORKSHEET
General information Site Information
Analyst Caroline Kone Freeway/Dir of Travel [-440 WB
Agency or Company WSP SELLS Junction off-ramp to Glenwood & CVA
Date Performed 61712010 Jurisdiction RaleighVDOT/FHWA
[Analysis Time Period AM CVA extension to [-440 Analysis Year 2035
Prcject Description _ Crabtree valley
Inputs
Upstream Adj Ramp Terrain: Lovel Downstrearh Adj
Ramp
["Yes  T7On FYes [On
MNo  TTOff FNo I oOff
> ! 66.0 mph Spr= 450 e 0
S = 65.0mp e = 45.0mph
V,=  vehh " skeloh show s, Ly, Lo VeV Vo= veh
|Conversion to pc/h Under Base Conditions
(porh) (Ve;’mr) PHF Termain %Truck YR fy £, V= VIPHF xfy xf,
Freeway 12893 1.00 Lovel 3 0 0.985 1.00 13086
Ramp 0 1.00 Level 2 0 0.990 1.00 0
UpStream
DownStream
Merge Argas Diverge Areas
Ekﬁngﬁon ofv,, |Estimation of v, -
Viz= Ve (Pey) V12=VR+(VF'\$&D/
Leg © uation 25-2 or 25-3) Leq = (Equation or 25-9)
Py = using ion (Exhibit 25-6) Peo = ) using Equation {Exhibit 25-12)
f2= pc/h Vi 2722 po/h
50 Vo pchh (Equation 25-4 or 25= Viory 3873 po/h (Equation 25-15 or 25-16)
Is V3 01 V90 > 2700 pe? 1~ Yes ™ No 307 Vipae > 2700 poh? I Yes | No
Is V3 OI'VW> 15 *V12/2 IYes T No \ OTVW> 15*V2 % Yes [ No
If Yes,V,y, = pe/h (Equation 25-8) :Y\e]sz 4187 poih (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F7? Actual Capacity LOS F?
Vi 10469 |Exhibtess4| 2400 | ves
Veo Exhioit 25-7 Veo = V-V | 10460  |Exobitos-t4] oo | ves
/ A 0 Exhibit26-3 | 4100 | “No-.
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Aciual Max Desirable Viclation?
Vera Exhibit 25-7| Vip 2722 | Exnibit25-14 | 44001 | Mo
Level of Service Determination (If not F) Level of Service Determination (if not F)

Dg = 5.475 + 0.00734 v  + 0.0078 V, - 0.00627 L, Dg = 4:262+-0.0086 V- 0.0094;, 0:0109 V¢
Dp= {peimifin Op= &8 (po/mifin) 26.5% N
LOS = {Exhibit 25-4) L0S= .F(Exhibit25-4) Db
Speed Determination Speed Determination
M= (Exibit 25-19) D= 0.298 {Exhibit 25-19)

Sp=  mph (Exhibit 25-19) Sp= 58,1 mph (Exhibit 25-19)
So7 mph (Exhibit 25-18) = 63.0 mph {Exhibit 25-18}
S = mph (Exhibit 25-14) S = £0.9 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RANMPS AND RANIP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Fresway/Dir of Travel [-440 WB
Agency or Company WSP SELLS Junction on-ramp from CVA extension
Date Performed 81712010 Jurisdiction RaleighMNCDOT/FHWA
Analysis Time Period AM CVA extension fo |-440 Analysis Year 2035
Project Daseription  Crabiree Vallay
Inputs
Upstream Ad] Ramp Terrain: Lovel Downstream Adj
i v Ramp
v V.
Yes On FoYes [0n
I'# No I~ Off M No = Off
’ Lup = 309 ﬁ derim = ﬂ
S¢p= 65.0mph Spgp = 45.0mph _
Vi = 1349 veh/h Sketch ( show lanes, Ly, Ly, Ve,V Vo = veh/h
|Conversion to pc/h Under Base Conditions
{po) ety | PHF Terrain ok | %Ry v f, = VIPHF x fyx f,
Freeway 10300 1.00 Level 3 0 0.985 1.00 10454
Ramp 817 1.00 Level 2 0 0.990 1.00 623
UpStream 1349 1.00 Levsl 2 0 0.990 1.00 1362
DownStream
Merge Araas Divergs Areas
Estimation of v, Estimation of v,
Vig= Ve ( IIDFM} Vo = Vg * (Vg - V)P
leo ™ (Equation 25-2 or 25-3) Leq ™ (Equation 25-8 or 25-9)
PFM = (140 using Equation (Exhiblt 25.5) PFD = using Equation (Exhibit 25-12)
Vo = 1463 po/h V1 = pcih
V301V, 45';95 pe/h (Equation 25-4 or 25- Va0rV, 0 .pcm (Equatlon 25-15 or 25-16)
Is V3 or Vav34 5 2’700 pcm? F; Yos r— No ls V3 or VB‘:‘34 > 2,700 pdh? r“ Yes r No
I5Vy0 Vs > 152 V152 7 Yes [ No Is Vg 0rVygy > 15" V12 [ Yes [*No
IFYes,V,, = #81 poe/h (Equation 25-8) If Yes,Vyy, = pc/h (Equation 25-18)
Capacity Checks Capacity Checks
Aciual Capacily LOS F? Actual Capacity LOS F?
Ve Exhibit 25-14
Vio 11077 |Exhibit 25-7 Yos  [Veo=VE-Vg Exhibit 25-14
Ve Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge influence Area
Aclual Max Desirable Violation? Aclual Max Desirable Viclation?
VRi2 4804 Exhibit 25-7|  4600:Al Yes Vi, Exhibit 25-14
L evel of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475 +0.00734 v o +0.0078 V, - 0.00827 L, Dy = 4.252 + 0.0088 V,, - 0.008 L,
D = 37.3 (peimifin Dr = {pc/mifin)
LOS = F (Exhibit 25-4) L.0S =  (Exhibit 25-4)
Speed Determination Speed Defermination
Mg=  0.720 {Exibit 25-19) Ps=  (Exhibit 25-19)
Se=  48.4 mph (Exhibit 25-19) Sg=  mph (Exhibit 25-19)
S;= 535 mph (Exhibit 25-19) Sg=  mph (Exhibit 25-19)
S= 51.2 mph (Exhibit 25-14) 3 = mph {Exhibit 25-15}
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RAMPS AND RAMP JUNCTIONS WORKSHEET Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kong Freeway/Dlr of Travel 1-440 WB
Agency or Company WSP SELLS Junction on-ramp from Glen. EB
Dats Performed 6172010 Jurisdiclion RaleighNCDOTIFHWA
[Analysis Time Period AM CVA extensionto -440 Analysis Year 2035
Project Descripiion  Crabiree Valley
Inputs
Upstream Ad] Ramp Terain: Lovel Downstream Adj
Ramp
Fyes T"On Myes MoOn
MNo T Off MNe FToOff
by = ft Lawn = 300 ft
S rr= 65.0mph Sen = 450 mph
Vo= vehh " Sketoh show s, L, LD,V:?/f) Vo= 817 vein
Conversion to pe/h Under Base Conditions
(poi) {Veﬁ!hr) PHF Terrain %Truck %Rv fry fo V= VIPHF xfyy xf,
Freeway 8951 1,00 Level 3 0 0.985 1.00 9085
Ramp 1349 1.00 Lova] 2 0 0.990 1.00 1362
UpStream
DowinSiraam 817 1,00 Level 2 0 0.990 1.00 623
Merge Areas Diverge Areas
|Estimation of v, Estimation of v,
Vio = Ve (Pry) Vi = Vg + (Vi - VR)Prp
Lzq = (Equation 25-2 or 25-3) —_— {(Equation 25-8 or 25-9)
O = 0.048 using Equation (Exhibit 25-5) Pep = using Equation (Exhibit 25-12)
V12 = 432 pe/h . V12 - peih
V, 0 Vi 23;26 po/h (Equation 25-4 or 25- Vg O Y, 50 pofh (Equalion 25-15 or 25-16)
ls Vg 0r V00 > 2700 poh? I Yes [~ No Is Vg or Vyzy > 2,700 poh? I~ Yes = No
Is VO Vs > 15 Vg2 7 Yes I No Is V3 0rVay > 15%Vi2 T Yes T No
if Yes.Vyp, = 3834 po/h (Equation 25-8) fif Yos,Vyp, = pc/h (Equation 25-18)
[Capacity Checks Capacity Checks
Actual Capaily LOS F? Actual Capacity LOS F?
Ve Exhibit 25-14
Veo 10447 | Exhibit 25-7 Yes  [Vpg=Ve-Vg Exhibit 25-14
Vr Exhibit 26-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Viglation'? Actual Max Desirable Violation?
Ve 4995  |Exhioit257] 46004l Yes Vi, Exhibit 25-14 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475 + 0.00734 v o +0.0078 V,, - 0.00627 L, Dg = 4.252 +0.0086 V,, - 0.009 Ly,
D = 35.0 {peimin} Dp = (pc/mifin)
LOS = F {Exhibit 25-4) 108=(Exhibit 25-4)
Speed Determination Speed Determination
Mg= 0772 {Exibit 25-19) D,=  (Exhibit 25-19)
Se=  47.3 mph (Exhibit 25-19) Sz=  mph (Exhibit 25-19)
5= 55.9 mph (Exhibit 25-19) So= mph (Exhibit 25-19)
S = 51.4 mph (Exhibit 25-14) S = mph (Exhibit 26-15)
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FREEWAY WEAVING WORKSHEET Page 1 of 1

FREEWAY WEAVING WORKSHEET
General Information Site Information
Analyst G Teng Freeway/Dir of Travel I-440 WB
Agency/Company WSP SELLS Weaving Seg Location Glen. WB on fo Glen. EB off
Date Performed 7/119/2010 urisdiction Raleigh/NCDOT/FHWA
[Analysis Time Period AM CVA extension to [-440 Analysis Year 2035
Inputs
Freew.'ay frea-flow speed, S, (mih) 55 eaving type B
Weaving nuimber of lanes, N 2 olume ratio, VR 0.67
Weaving seg length, L (ft) 870 eaving ratio, R 0.14
Terrain Level '
Conversions to pc/h Under Base Conditions
(pofh) v PHF Truck % RV % E, Ex fy fo v
V., 691 1.00 3 0 15 1.2 0.985 1.00 701
Voo 0 1.00 0 0 1.5 1.2 1.000 1.00 0
V1 1238 1.00 2 0 1.5 1.2 0.990 1.00 1250
Vo 197 1.00 2 0 1.5 1.2 0.990 1.00 198
v, 1448 |V, 701
v 2149
Weaving and Non-Weaving Speeds
Unconstrained Constrained
Weaving {i = w) Non-Weaving {i = nw) Weaving {i = w) Non-Weaving ( = nw)

a {Exhibit 24-6) 0.08 0.0020
b {Exhibit 24-6) 2.20 6.00
¢ (Exhibit 24-6) 0.70 1.00
d (Exhibit 24-6) 0.50 0.50
Weaving intensity faclor, Wi 1.12 1.60
Weaving and non-weavi
kot g iy 36.28 32.29
Number of lanes required for unconstrained operation, Nw 1.80
Maximum number of lanes, Nw (max) 3.50

17 1f Nw < Nw({max) unconstrained operation I if Nw> Nw {max) consfrained opsration
Weaving Segment Speed, Density, Level of Service, and Capacity
Weaving segment speed, S (mih) 34.87
Weaving segment density, D {pe/mifin) 30.81
Level of service, LOS C
Capacity of base condition, ¢, (pc/h)
Capacity as a 15-minute flow rate, ¢ {fveh/h)
Capacity as a full-hour volume, ¢, (veh/h)
Notes
'.aJ. Vgelavir}'g segments longer than 2500 ft. ara treated as isolated merge and diverge areas using the procedures of Chapter 25, "Ramps and Ramp
b?ga;:csit;r constrained by basic freeway capacity.
c. Capacity cccurs under constrained operating conditions.
. l‘;aree-tane Type A segments do not operate well at volume ratios greater than 0.45. Poor operations and some local queuing are expected in

cases.
Eegﬁur-lane Type A segments do not operate well at volume ratios greater than 0.35. Poor operations and some local queulng are expected in
f.uCa::cls;sbons{rained by maximum aflowable weaving flow rate: 2,800 pa/h (Type A), 4,000 (Type B), 3,500 {Type C).
9. Five-lane Type A segments do not operate well at volume ratios greater than 0.20. Pocr operations and seme local quauing are expeacled in such
?Cl.aﬁ'?;s;‘)'e B weaving segmants do not operate we!l at volume ratlos greater than 0.80. Poor operations and some [ocal queauing are expected in such
fa'i%;pse G weaving segments do not operate well at volume ratios greater than 0.50. Poor operations and some local queling are expected in such
cases.
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/DIr of Travel 1-440 EB
Agency or Company WGP SELLS Junction off-ramp to Ridge Rd
Date Performed 61772010 Jurisdiction RaleighNCDOT/FHWA
Analysis Time Period P CVA Ext. 101-440 Analysis Year 2035
Project Description  Crablree Valley
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj]
] Ramp
Myes [On Fves [ on
MNo  FFoOff MNe [T OK
L= ft Lign = 900 ft
Spr= 65.0mph Spr= 45.0mph
Vy=  veh Skotch { show lanes, Ly, Ly Ve V9 Vb= 989 vehh
Conversion to pc/h Under Base Conditions
(porh) A Teriain %Tnck | %Ry fiv fo [v=VIPHF xfyyxf,
Freeway 8463 1.00 Level 3 0 0.985 1,00 8580
Ramp 2742 1.00 Level 2 0 0.590 1.00 2769
UpStream
DownStream 989 1.00 Level 2 0 0.990 1.00 999
Merge Areas Diverge Areas
Estimation of v, Estimation of v,,
Vi = Ve {Py) Viz = Vr + (Vi - VRIPp
Leq = (Equation 25-2 or 25-3) Leg = (Equation 25-8 or 25-9)
Pey = using Equation (Exhibit 25-5) P = 0.450 using Equation (Exhibit 25-12)
Vip = pch Vig = 5388 po/h
VaorV, q peih (Equation 25-4 or 25-5) Vaor Vs 3202 poth (Equation 25-15 or 25-16)
s VyorV,,a > 2,700 pch? [~ Yes T No ls Vi 0r Va0 > 2,700 poh? ¥ Yes 5 No
s Vy0r V0> 15* V2 7 Yes " No I8 Va0rVay > 1.5*Vis2 [ Yes 17 No
if Yos,Vy,, = pc/h (Equation 25-8) If Yos,Vy, = 5890 po/h (Equation 25-18)
Capacity Checks Capacity Checks
Aclual Capacity LOS F? Aclual Capacity LOS F?
Ve 8590 Exhibit 25-14] 7050 Yes
Vo Exhibit 28-7 Veg=VE-Vr| 5821 Exhibit 25-14} 7050 No
Vg 2769 Exhibit25-3 | 4100 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Deslrable Violation? Actual Max Desirable Violation?
Vs Exhibit 25-7[ Via 5388 Exhibit 25-14 | 4400:Al Yes
L evel of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475 + 0.00734 v , + 0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dp = (pe/mifin) Dr= 387 (pc/mifin)
LOS=  (Exhibit 25-4) LOS= F (Exhibit 25-4)
Speed Determination Speed Determination
M=  (Exibit 25-19) D,=  0.547 (Exhibit 25-19)
;= mph (Exhibit 25-19) Sp= 524 mph (Exhibit 25-19)
Se=  mph (Exhibit 25-19) 5= 64.7 mph (Exhibit 25-18)
S = mph (Exhibit 25-14) S = 55.7 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page | of |

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
fAnatyst APATEL Freeway/Dir of Trave! [-440 EB
[Agency or Company WSP SELLS Junetion on-ramp from Crab/ Valley Ave
Date Performad 611712010 Jurisdiction RalsighNCDOT/FHWA
nalysis Time Period PM CVA extension to 1-440 Analysis Year 2035
Project Description  Crabires Vallay
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
Ramp
Myes T70On ¥ves [ oOn
MNo  [7oOff FNo [T off
Lo = ft L sovn = 1500 ft
8= 65.0mph Spr = 45.0 mph
V= veh/h " Sketch ( show lanes, L, LD,V::ff) Vo= 2192 vehin
Conversion to pe/h Under Base Conditions
{pe/) (Veﬁlhr) PHF Terrain 4 Truck %Ry fuv fa v = VIPHF X fig, x £,
Fresway 5721 1.00 Level 3 0 0.985 1.00 5807
Ramp 989 1.00 Lavel 2 0 (.30 1.00 989
UpStream
DownSiream 2182 1.00 Lavel 2 0 0.980 1.00 2214
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig= Ve( EFM) Vio = Ve + (Ve - VR)Prp
Leq = (Equation 25-2 or 25-3) Leq = (Equation 25-8 or 25-9)
PFM = (.619 using Equation (Exhibit 25-5) PFD= using Equation (Exhibit 25-12)
V5 = 3597 poth ‘ V., = pcth
Paorv, 310 peth (Equation 25-4 or 25- Vo 01V, pe/h (Equation 25-15 or 25-16)
I8 Vg 0r V90 > 2700 ph? I Yes 17 No 18 V3 0r Vo> 2,700 po? [~ Yes I~ No
18V, 0r V30> 15 Visl2 [7 Yes ¥ No fsV30r Ve > 15" Vo2 7 Yes M No
1 YesV., = pc/h (Equation 25-8) If Yos,V g, = pe/h (Equation 25-18)
Capacity Checks Capacity Checks
Aclual Capacity LOS F? Actual Capacity LOS F?
Ve Exhibit 25-14
Vio 6806 Exhibit 25-7 No Vg = Ve -V Exhibit 25-14
A Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Violation? Actual Max Desirable Violation?
Viie 4596 Exhibit 25-7 4600:All No Via Exhiblt 25-14
Level of Service Determination (if not F) Level of Service Determination (if not F)
D= 5475 +0.00734 v p +0.0078 V,, - 0.00627 L, D =4.252 + 0.0086 V,, - 0.009 L,
Dg = 31.5 (pe/mifin} DR = {(pe/mifin)
LOS = D {Exhibit 25-4) 105 = (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  0.572 (Exibit 25-19) D;=  (Exhibit 25-19)
Sp=  51.8 mph (Exhibit 25-19) Sq=  mph (Exhibit 25-19)
So™ 58.8 mph (Exhibit 25-18) Sg= mph (Exhibit 25-19)
S = 53.9 mph (Exhibit 25-14) S = mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel I-440 EB
IAgency or Company WSP SELLS Junction on-ramp from Glenwood WS
Date Performed 6/17/2010 Jurisdiction Raleigh™NCDOT/FHWA
Analysis Time Period PM CVA extension to -440 Analysis Year 2035
Project Descripion  Crablres Vallsy
inputs
Upstream Adj Ramp Terrain: Level Downstream Ad)
_ Ramp
" Yes [~ On [FYes [FOn
[iNo  [7off FNo Ioff
Lyp ™ 1200 ft — — L oun = ft
= 650 mp = 450 mp
V= 2192 vehh " oteh ( show lanes, L, LD,v:.F\‘ff) o= vehh
Conversion to pc/h Under Base Conditions
{pcih) (Ve\tffhr) PHF Terraln %Truck %Ry iy fs v = VIPHF X fiy, x f,
Freeway 8902 1.00 Level 3 0 0,985 1.00 9036
Ramp 1090 1.00 Level 2 0 0.990 1.00 1101
UpStream 2192 1,00 Level 0 0 1,000 1.00 2192
DownStream
Merge Areas Diverge Areas
Estimation of v,, |Estimation of v,
Vi2= Ve (Pey) Vi =V # (Ve - VRIPsg
beo = (Equation 25-2 or 25-3) g = {Equation 25-8 or 25-9)
PFM = 0,080 using Equation (Exhibit 25-5) PFD = using Equation (Exhibit 25-12)
Vi = 724 poih ‘ Vi, = po/h
Vo 0r Vo 451)56 pe/h (Equation 25-4 or 25- Va0r Vo pefh (Equation 25-15 or 25-16)
I§ Va O V.5 > 2,700 pot? ¥ Yes I No ls V3 0r Vg > 2700 peh? [ Yes T+ No
I8 V30 Vs > 15 V32 ¥ Yes 17 No I8 Vgor Vo> 1.5 V2 T Yes [ No
If Yes,V g, = 3314 pc/h (Equation 25-8) ifYes,Vip, = pe/n (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capagily LOS F?
Ve Exhibit 25-14
Vo 10137 Exhibit 25-7 Yes Veo = Ve-Ve Exhibit 25-14
Vi Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Dasirable Violation? Actual Max Deslrable Violation?
VRriz 4715 Exhibit 25-?| 4800:A1 Yes Vys Exhibit 25-14 ]
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dp=5475+0.00734 v o +0.0078 V¢, - 0.00627 L, Dg =4.252 +0.0086 V,, - 0.009 L,
Op = 32.3 {po/miin) Cr=  (pc/mifin)
LOS = F {Exhibit 25-4) LOS = (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  0.621 (Exoit 25-19) D,=  (Exhibit25-19)
S.= 507 mph (Exhibit 25-19) Sp=  mph (Exhibit 25-19)
Sp=  56.0 mph (Exhibit 25-19) Se=  mph (Exhibit 25-19)
S= 534 mph (Exhiblt 25-14) 5 = mph {Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RANMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel 1-440 WB
Agency or Company WSP SELLS Junction off-ramp to Glenwood/CVA
Date Performed 61712010 Jusisdiction RaleighNCDOT/FHWA
Analysis Time Period PM CVA extension to [-440 Analysis Year 2035
Project Description  Crabiree valley
inputs
Upstream Adj Ramp Terrein: Level Downstream Adj
_ Ramp
[FYes [F0On Fyes I70n
MNo  T-oOf FNo [ off
Lyp = ft L aonn = 500 ft
8= 85.0mph Spr= 45.0mph
V= veh/h Sketoh (show lanes, L, Lo,V V) Vo= 1761 vehth
Conversion to pc/h Under Base Conditions
(por veny | PHF Terain | Wik | R | fy f, = VIPHF x fyx,
Freeway 11115 1,00 Level 3 ] 0.985 1.00 11282
Ramp 0 1.00 Level 2 0 0.980 1.00 0
UpStream
DownStream 1761 1.00 Level 2 ] 0.980 1.00 1779
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vio= Ve (Pry) Viz = VR + (Vg - VRIPgp
Leq = {Equation 25-2 or 25-3) Leq = (Equation 25-8 or 25-9)
Pen = using Equation (Exhibit 25-5) Pep = 0.260 using Equation (Exhibit 25-12)
Via pe/h Vip= 2347 poih
Vaor Vs po/h (Equation 25-4 or 25-5) V3 0r Voa 3339 po/h (Equation 25-15 or 25-16)
I8 V01V, 0 > 2,700 poh? [ Yes [ No 18 Vy 0r Voay > 2700 pof? ¥ Yas [ No
IsVyorV -, >1.5*Vf2 [ yes 7 No I8 V30 Vp0y > 1.5* Vo2 7 Yes 7 No
if ‘r’es,Vm_a = po/h {(Equation 25-8) fYes,V,y, = 3810 pe/h (Equation 25-18)
|Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Vg 9026 Exhibit 25-14] 9400 No
Vo Exhibit 25-7 Veo=Ve-Vo| 9028 Exhibit 25-14] 9400 No
Vi 0 Exhibit 25-3 4100 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Deslrable Viclation? Actual Max Desirable Viclatlon?
VRriz Exhibit 25-7| Via 2347 Exhibit 25-14 | 4400:Al No
Level of Service Determination (if not F) Level of Service Determination (if not F)

D =5.475 + 0.00734 v o + 0.0078 V,, - 0.00627 L, Dg = 4252+ 00086 Vi3=0008t, {0 EOQEE
Dg = {pc/mifin Dg=  26&{pc/mifin) 2Y4.59 N
1LOS = (Exhibit 25-4) LOS = C (Exhibit 25-4)

Speed Determination Speed Determination

Mg = (Exibit 25-19) 0, = 0.298 (Exhibit 25-19)
Sk=  mph (Exhibit 25-19) Sg=  58.1 mph (Exhibit 25-19)
So= mph (Exhibit 25-18} Sy= 64.6 mph {Exhibit 25-19)
3= mph {Exhibit 25-14) S = 61.9 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page | of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Freeway/Dir of Travel |-440 WB
Agency or Company WSP SELLS Junction on-ramp from CVA extension
Date Performed 81772010 Jurisdiction RalelghNCDOT/FHWA
Mnalysis Time Period PM CVA extension to 1-440 Analysis Year 2035
Project Descripfion  Crabiree Valiay
Inputs
Upstream Adj Ramp Terrain: Leval Downstream Adj
Ramp
I Yes I On ["Yes [70On
MNo  TFoOff ¥ No 17 Off
o W s 5.0 mph S 45.0 mph Fon” "
= 5.0 mp = 45.0mp

My = 1651 veh/h " Sketch ( show lanes, L, LD.V:?I,) Vo veh/h
Conversion to pc/h Under Base Conditions

{pcih) (Ve\rllrfhr) PHF Temain %Truck %Ry fov fp v = VIPHF x f, x fp
Freeway 7668 1.00 Level 3 0 0.985 1.00 7783
Ramp 215 1.00 Lgvel 2 0 0.990 1.00 924
UpStream 1651 1.00 Level 2 ] 0.990 1.00 1668
DownStream

Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig= Ve (Ppy) Vi = Vgt (Ve - V)P,
Lo ™ (Equation 25-2 or 25-3) Leq = (Equation 25-8 or 25-9)
PFM = 0.102 using Equation (EXhibil25-5) PFD = using Equation (Exhlblt 25-12)
Vo = 796 poth . ‘ = po/h
Vs 07V g‘§93 pofh {Equation 25-4 or 25- Vy 01V, po/ (Equation 25-15 or 25-16)
Is Vy 0 V5, > 2,700 pel? 7 Yes I No Is V5 01 Vagy > 2,700 poh? I~ Yos I No
I5 V3 0r Vs > 1.5*V,2 [7 Yes [ No Is V3 0rVags > 15 Vg2 T Yes T No
If Yes,V,y, = 313 pe/h (Equation 25-8) [ YesVig, = pe/h (Equation 25-18)
Capacity Checks Capacity Checks
Acfual Capacity LOS F? Aclual Capacily LOS F?
Ve Exhibit 25-14
Vo 8r07 Exhibit 25-7 No Vo =VE-Vg Exhibit 25-14
\ Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Violaticn? Actual Max Desirable Viclation?

Vaia 4037 Exhibit 25-7| 4B00:Al No Vys Exhibit 25-14
Level of Service Determination (if not F) Level of Service Determination (if not F)

Dg = 5475 +0.00734 v o +0.0078 V,, - 0.00627 L, Dp =4.252 + 0.0086 V,, - 0.009 L
Dp = 31.2 (pemifin Dx=  {pc/mifin)
08 = D (Exhibit 25-4) LOS = (Exhibit 25-4)
Speed Determination Speed Determination
M= 0.465 (Exibit 25-19) Dg= (Exhibit 25-19)
S.= 54,3 mph (Exhibit 25-19) Sg=  mph {Exhibit 25-19)
Se=  58.3 mph (Exhibit 25-19) S=  mph {Exhibit 25-19)
S = 56.4 mph (Exhibit 25-14} S = mph {Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RANMPS AND RANMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Freeway/Dir of Travel I-440 WB
Agency or Company WSP SELLS Junction on-ramp from Glen. £8
Date Performed 8/17/2010 Jurisdiction RalelghMNCDOT/FHWA
IAnalysls Time Period PM CVA exltensionfo [-440 Analysis Year 2035
Project Description  Crablres Valley
Inputs
Upstream Ad) Ramp Tertain: Level Downstream Adj
- - Ramp
Yi 0
°s n VYes [ On
MNo  [-Off MNo  [Toff
Ly = ft — 300 ft
_ Sz 65.0mph Spp = 45.0mph /= a15 vehvh
Mu = veh/h Sketch { show lanes, L, Lo, Ve,V o ve
Conversion to pc/h Under Base Conditions
(poh) wen | P Terraln %Tuck | %R v f, M= VIPHE xfyyxf,
Freeway 6017 1.00 Level 3 0 (.885 1.00 8107
Ramp 1651 1.00 Leval 2 0 0.890 1.00 1668
UpStraam
DownStream 915 1.00 Level 2 0 0.980 1.00 824
Merge Areas Diverge Areas
Estimation of v, |Estimation of v,
Vig=Ve( F"FM) Vi3 = Ve + (Ve - VRIPey
eo = (Equation 25-2 or 25-3) Leq = (Equation 25-8 or 25-9)
PFM = 0.009 using Equation (EXhibit25-5) PFD = using Equation {Exhibit 25-12)
Vg = 57 pcih Vi, = peih
VyorV, g g[))?_s pe/h (Equation 25-4 or 25- V,0rV, o pe/h (Equation 25-15 or 25-16)
Is VI! or Vav34 > 2,700 poh? ¥ Yes | No Is VS or Va-m > 2,700 pe/h? I~ Yes [ No
* ”
Is Vg0 V00> 15 V2 ¥ Yes 7 No 15 VgorVag > 1.5Vl T+ Yes [ No
IFYes,V,p, = 2442 pe/h (Equation 25-8) If¥es,Vis = pefh (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Aclual Capacity LOS F?
Ve Exhibit 25-14
VFO 7775 Exhibit 25-7 No VFO = VF - VR Exhibit 25-14
Vi Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Daslrable Violation? Aclual Max Dasirable Violation?
Vria 4190 Exhibit 25-7[ 4600:All No Via Exhibit 25-14
Level of Service Defermination (if not F) Level of Service Determination (if not F)
Dg = 5475 +0.00734 v +0.0078 V., - 0.00627 L, Dp = 4.262 + 00086 V,, - 0.00¢ L
Dp = 28.0 {pc/mifin} De=  (pc/mifin)
LOS = C (Exhibit 25-4) [0S = (Exhibit 25-4)
Speed Determination Speed Determination
IMg=  0.433 (Exibit 25-19) Dg=  (Exhibit 25-19)
Sg=  55.0 mph (Exhibit 25-19) gz mph (Exhibit 25-19)
So= 60.2 mph (Exhibit 25-19) So= mph (Exhibit 25-19)
5= 57.4 mph (Exhibit 25-14) S = mph (Exhibit 25-15)
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FREEWAY WEAVING WORKSHEET Page 1 of 1

FREEWAY WEAVING WORKSHEET
General Information Site Information
Analyst Freeway/Dir of Travel [-440 WB
Agency/Company WSP SELLS Weaving Seg Location Glen. WB on fo Glan. EB off
Date Performed 71912010 Jurisdiction Rlaeigh/NCDOT/FHWA
Analysis Time Pariod PM CVA Extension to 1-440 Analysis Year 2035
Inputs
Freem"ay free-flow speed, S (miM) 55 Weaving tyos 8
Weaving number of [anss, N 2 Volume ratio, VR 0.65
Weaving seg length, L (ft) 870 Weaving ratio, R 0.20
Terrain Leavel
Conversions to pc/h Under Base Conditions
(nerh) v PHF Truck% | RV% E; = iy fo v
Vot 705 1.00 3 0 1.5 1.2 0.985 1.00 715
Voo 0 1.00 2 0 15 12 0.990 1.00 0
V. 1056 1.00 2 0 15 1.2 0.990 1,00 1066
Voo 271 1.00 2 0 1.5 1.2 0.990 1.00 273
V,, 1339 |V, 715
v 2054
Weaving and Non-Weaving Speeds
Unconstrainad Constrained
Weaving {i =w) Non-Weaving (I = nw) Weaving (i = w) Non-Weaving { = nw)
a (Exhibit 24-6) 0.08 0.0020
b {Exhibit 24-8) 2.20 6.00
< (Exhibit 24-6) 0.70 1.00
d (Exhibit 24-6) 0.50 0.50
\Woaving Intensity factor, Wi 1,05 1.41
Weaving and non-weavi
oacs S 36.96 33.63
Number of lanes required for unconstrained aperation, Nw 1.75
iMaximum number of lanes, Nw {max) 3.50
I If Nw < Nw{max) unconstrained operation I2 if Nw > Nw (max) constrained operation
Weaving Segment Speed, Density, Level of Service, and Capacity
Weaving segment speed, S (mifh) 3573
Weaving segment density, D (pe/mifin) 28.75
Level of service, LOS G
Capacity of base condition, ¢, {pe/h)
Capacity as a 15-minute flow rate, ¢ {veh/h)
Capacity as a full-hour volume, ¢, {vehih)
Notes
. \r\é?aving segments longer than 2500 ft. are treated as isolated merge and diverge areas using the procedures of Chapler 25, "Ramps and Ramp
uncticns”.
b. Capacily constrained by basic freeway capacity,
. Capaclty oceurs under constrained operating conditions.
) er:ree-lane Type A segments do not operate well at volume ratios greater than 0.45, Poor eperatlons and some local queuing are expacted In
uch cases.
X (f;‘gur—!ane Typa A segments do not operate well at volume ratlos greater than 0.35. Poor operations and some local queuing are expected in
ses,
s.uCapC;dw constralned by maximum aliowable weaving flow rate: 2,800 pe/h {Type A), 4,000 (Type B}, 3,500 (Typs C).
. Five-fane Type A segments do not operate well at volume ratios greater than 0.20. Poor operations and some local queulng are expecled In such
Ses.
h. Type B weaving segments do not operata well at volume ratios greater than 0.80, Poor operations and some local queuing are expected |n such
508,
. Type G weaving segments do not operate well at volume ratios greater than 0.50, Poor operations and some local queuing are expecled n such
ses.
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2035 CVA Extension to 1-440 and
WB Glenwood Ave Overpass




RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of' 1

RANMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel |-440 EB
fAgency or Company WSP SELLS Junction off-ramp {0 Ridge Rd
Date Performed 716{2010 Jurisdistion RaleighNCDOT/FHWA
[Analysis Time Period AM Glenwood Overpass ONLY  Analysis Year 2035
Pioject Description  Crabiree Valley
Inputs
Upstream Adj Ramp Terraln: Level Downstream Ad|
Ramp
["Yes  [-0n MYes I On
MNo  [-off Fno  Ioff
Lyp = ft Laoin = Q00 ft
S 60.0mph Spr = 45.0 mph
Vi = ven/h Sketch ( show lanes, L, Lp.Ve,V) Vo= 744 vehih
Conversion to pe/h Under Base Conditions
(pofin) (Ve\l{mn PHF Terrain %Truck %RV fuy fo v = VIPHF x fi, x f
Freeway 6851 1.00 Laval 3 0 0.985 1.00 6954
Ramp 1829 1.00 Level 2 0 0.990 1.00 1847
UpStream
DownStream 744 1.00 Level 2 0 0.990 1.00 751
Merae Areas Diverge Areas
Estimation of v, |[Estimation of v,
Via = Ve (Pry) Vip =V + (Ve - VIPep
Leq = (Equation 25-2 or 25-3) Leg = (Equation 25-8 or 25-9)
P = using Equation (Exhibit 25-5} Pro = 0.450 wusing Equation (Exhibit 25-12)
V12 = pcih V12 = 4145 pc/h
Va 01V pcih (Equation 25-4 or 25-5) V30V 2809 pc/h (Equation 25-15 or 25-16)
18 Vy0rV, 00> 2700 pch? [ Yes |- No 8 Vy0r V00> 2,700 pe/h? [7 Yes [ No
I8 V0 Vs > 15 Vil2 [~ Yes [ No 18 V3 0r Ve > 1.5* Vo2 7 Yes ¥ No
If Yes,Vy,, = po/h (Equation 25-8) I Yes, Vo, = 4254 pc/h (Equation 25-18)
Capacity Checks Capacity Checks
Acfual Capacity LOSF? Actual Capacity LOSF?
Ve 6954 Exhivit 25-14] 7050 No
Veo Exhibit 25-7 Veo=Ve-Ve| 5107 [Exhioit25-14] 7050 No
Vg 1847 Exhibit25-3 | 4100 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Dssirable Violation? Actual Max Desirable Viclation?
Viris Exhiblt 25-7| Vy, 4145 Exhibit 25-14 | 4400:Al No
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475 + 0.00734 v  + 0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L
Dp = {pc/mifin) Dr= 245 {pe/mifin}
LOS=  (Exhibit 25-4) LOS= G (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  (Exibit 25-19) D=  0.464 (Exhibit 25-19)
Sp=  mph (Exhibit 25-19) Sp=  54.3 mph (Exhibit 25-19)
5= mph (Exhibit 25-19) 5= 64.7 mph (Exhibit 25-19)
S=  mph (Exhibit 25-14) S=  57.9 mph (Exhiblt 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel [-440 EB
Agency or Company WSP SELLS Junction on-ramp from CVA extension
Date Performed 71862010 Jurisdlstion Ralelgh/NCDOT/FHWA
Analysis Tima Period AM Glenwood Overpass ONLY  Analysis Year 2035
Project Description  Crabtres Valley
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
e = Ramp
1 Y i .

o8 on Yes [ On
MNo  I7oOff "No  [TOff
Lyp = ft Loun = 1500 ft

8 .= 65.0mph Scp = 45.0 mph
FF FR -
Vy = veh/h Sketch ( show lanes, L, Lo, Ve, V) Vo 1890 veh/h
Conversion to pc/h Under Base Conditions
(pei) (Ve\li!hr) PHF Terrain %Truck %Ry fv fo = VIPHE xfiyyx 1,
Freeway 5022 1.00 Level 3 0 0.985 1,00 5097
Ramp 744 1.00 Level 2 0 0.990 1,00 751
UpStream
DownStream 1880 1.00 Level 2 0 0.990 1.00 1909
Merge Areas Diverge Areas
|[Estimation of v,, Estimation of v,
Vie= Ve ( {JFM) Vip = Vg + (Ve - VRIPrp
Feq (Equation 25-2 or 25-3) L ™ (Equation 25-8 or 25-9)
Pey = 0.619 using Equation (Exhibit 25-5) Pep = using Equation (Exhibit 25-12)
V12 = 3158 pth ' 2= pCJh
V, 07V, 00 ‘155;39 pe/h (Equation 25-4 or 25- V, 0V ool (Equation 25-15 or 25-16)
I§ V, 0r V5 > 2,700 poih? T~ Yes % No Is Vy0r Vaygq > 2,700 poh? [ Yes [ No
s VG orvav34> 15 iV1212 I~ Yes I No s V3 Ol'Vavs4> 15 V;2!2 I Yes [F No
It Yes, V.5, = pe/h (Equation 25-8) Iif Yes,Vy,, = pc/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacily LOS F? Actual Capacity LOSF?
Ve Exhibit 25-14
Veo 5848 | Exhibit 25.7 No  |Vpo=Ve-Vi Exhibit 25-14
Vi Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Aclual Max Desirable Violation? Aclual Max Desirable Violation?
Vi 3009 [Exnbitosa]  ae0oal No Vi Exbibit 25-14 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5475 +0.00734 v  +0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dy = 26.2 {peimifin} Dp= (pc/mifin)
LOS = C {Exhibit 25-4) LOS= {Exhibit 25-4)
Speed Determination Speed Determination
M= 0.380 (Exibit 25-19) Dg=  {Exhibit 25-19)
Sa=  56.3 mph (Exhibit 25-19) Sq=  mph (Exhibit 25-19)
5= 59.8 mph (Extibit 25-19) S¢=  mph (Exhibit 25-19)
S = 57.4 mph (Exhibit 26-14) S = mph (Exhibit 25-15}
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RANIP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel |-440 EB
Agency or Company WSP SELLS Junction on-ramp from Glenwood WB
Date Performed 7162010 Jurisdiction RaleighNCDOT/FHWA
Anaiysis Time Period AM Glenwood Qverpass ONLY  Analysis Year 2035
Project Dascription  Crabiree Valley
Inputs
lipstream Ad] Ramp Terrain: Level Downstream Adi
. W Ramp
VoY v 0 .
es n Fives [~ On
FiNo T off FiNo [Toff
Ly = 1200 ft o= H
S 65.0mph Spg= 45.0mph .
Vo= 1890 vehth Sketeh { show lanes, Ly, Ly, Ve,V Vo= vehh
Conversion to pc/b Under Base Conditions
{pcih) v e\lffhr) PHF Terraln %Truck %Ry fv fp v = V/PHF x f,, x fp
Freeway 7656 1.00 Level 3 0 0.985 1.00 [rd!
Ramp 1163 1.00 Level 2 0 0.990 1.00 1175
UpSiream 1830 1,00 Level 0 0 1.000 1.00 1890
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
V”:VF(P,FM) Vi2=Vr* (Ve - VpiPpp
Leq ® (Equation 28-2 or 28-3) g (Equation 25-8 or 25-9)
PFM = _ 0.071 using Equation (Exhibit 25-5) PFD = using Equation (Exhiblt 25-12)
Vyp = 551 poth Vi, = peih
V501V 2?10 po/h (Equation 25-4 or 25- V07 V0 pe/h (Equation 25-15 or 25-16)
18 Vy 07 V0 > 2,700 poi? | Yes [~ No I8 Vy0rV, 0> 2,700 pei? [~ Yes | No
E T
fs V301V, > 15*V,2 ¥ Yes [T No IsVa0rV > 1.6*V,2 7 Yes M No
1§ Yes,V i, = 3108 pofh (Equation 25-8) I Yes,V, = pc/h (Equation 25-18}
Capacity Checks Capacily Checks
Actual Capacity LOS F? Aclual Capacity LOS F?
Vi Exhibit 25-14
Veg 8948 Exhioit 25-7 No Vio = VE = Vr Exhibit 25-14
Vq Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Dasirable Viglation?
Vriz 4283 Exhibit 25-7| 4600:All No Via Exhibit 25-14
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5475 +0.00734 v o +0.0078 V,, - 000627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dg = 28.9 (pe/mifin) DR = {pc/mifin)
LOS = D (Exhibit 25-4) 1.05=  {Exhibit 25-4)
Speed Determination Speed Determination
Mg= 0,469 (Exibit 25-19) Dy=  (Exhibit 25-19)
Se= 54,2 mph (Exhibit 25-19) Sg=  mph {Exhibit 25-19)
5= 58.3 mph (Exhibit 25-19) Sg= mph {Exhibit 25-19)
S = 56.3 mph (Exhibit 25-14) S = mph {Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RANPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
fAnalyst APATEL Freeway/Dir of Travel [-440 WB
JAgency or Company WSP SELLS Junctien off-ramp 1o Glenwood/CVA
Date Performed 7152010 Jurisdiction RaleighNCDOT/FHWA
[Analysis Time Period AM Glenwood Qverpass ONLY  Analysis Year 2035
Project Description  Crabtres Valley
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
-~ P Ramp
Yes On FYes [ On
¥ No I Off i: No I~ Off
Lup = ft [— ft
8= 65.0mph Spr = 46.0mph _
Vo= vehth Sketch ( show Tones, L, Lo Ve ¥y Vo= vehh
Conversion fo pc/h Under Base Conditions
(por) ey | P Taron | %Tuck | %Rv | fay f, = VIPHF x fyyxt,
Freeway 12893 1.00 Level 3 0 0.985 1.00 13086
Ramp 0 1.00 Level 2 0 0.890 1.00 0
UpStream
DownStream
Merge Areas Diverge Areas
Esﬁn@on of v, Estimation of v, _
Vip= Ve (Pey) Vig =V + (Ve -VlPep—"
Leq = uation 25-2 or 25-3) Lrq © (Equation 258 or 25-8)
Prp = using Equation (Exhipit 25-5) Pro = using Equation (Exhibit 25-12)
L\/I‘m = pc/h V12 = 2722 po/h
301 Vo pc/h (Equation 25-4 or 257 Vyory 3871 pc/h (Equation 25-15 or 25-16)
I8 Va0r Ve > 2700 peh? 7 Yes 177 No ) HEVg0r V00> 2700 peh? ¥ Yes [ No
f8Vy0rV,q > 1.5* V2 [T yes [ No Va0rVas > 15* V2 ¥ Yes |7 No
If Yes,Vyy, = pcrh (Equation 25-8) If Yes,Via= 4187 pc/h (Equation 25+18)
Capacity Checks T Capacity Checks
Aclual Capacity LOS F? Aclual Capacity LOS F?
Ve 10469 |Exhibt2sd| 9400 | Yes
Voo Exhibit 25-7 Veo=Ve-Ve| i0s69  |Exnivit2s14] oasa | ves
Ve 0 Exhibit 25-3 4100 [
Flow Entering Merge Influence Area Flow Entering Diverge influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Vi Exhitil 25-7] Vyp 2722 Exhibit 25-14 | 4400:Al No

Level of Service Determination (if not F)

ILevel of Service Determination (if not F)

Dg = 5.475 + 0.00734 v 5 + 0.0078 V,, - 0.00627 |,

Dg = 4-262-£-0.0086. V- 0.006-k, 00109 Vi

5= meph (Exhibit 25-14)

By = {pc/mifin) Dp.= 84 (pc/mifn) 28 53 N
LOS = (Exhibit 25-4) LOS= . (Exhibit 25-4) D>

Speed Determination Speed Determination

Mg=  (Exibit 25-19) Dy=  0.298 (Exhibit 25-19)

Se=  mph (Exhibit 25-19) Sr=  58.1 mph (Exhibit 25-19)

S=  mph (Exhibit 25-19) Sg=  63.0 mph (Exhibit 25-19)

S= 609 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel |-440 WB
Agency or Company WSP SELLS Junction on-ramp from CVA extension
Date Performed 7192010 Jurisdiction Raleigh/NCDOT/FEWA
Analysis Time Period AM Glenwood Cverpass ONLY  Analysis Year 2035
Proiect Description  Crablres Valley
Inputs
Upstream Adj Ramp Terrain: Lovel Downstream Adj
Ramp
W:Yes  FOn TYes [“On
[FNo I off FNo I of
Ly = 300 ft Lown ™ ft
S-= 650 mph Ser = 45.0mph
Va= 1349 vehh " Shetoh show lanes L, LD,VSJ,) Vo= vehh
Conversion to pc/h Under Base Conditions
{pefh) (Vegmr) PHF Terrain %Truck %Ry fiv fp v = VIPHF x fi, x fp
Freeway 10300 1,00 Level 3 0 0.985 1.00 10454
Ramp 617 1.00 Level 2 0 0.990 1.00 623
UpStream 1349 1.00 Leval 2 0 0590 1.00 1362
DownSiream
Merge Areas Diverge Areas
[Estimation of v, Estimation of v,
Vig = Ve (Pry) V= Vg + (Vi - VP
eo (Equation 25-2 or 25-3) Leq ® (Equation 25-8 or 25-9)
Py = 0.140 using Equation (Exhibit 25-5) Pep = using Equation (Exhibit 25-12)
[Vyo= 1463 pe/h . V.o = pcih
NIA 45‘)195 pe/h (Equation 25-4 or 25- Va0r Va0 pc/h (Equation 25-15 or 25-16)
I5 V3 07 V30 > 2700 poh? I Yes [~ No ls VgorV, 4> 2,700 pch? [ Yes ™ No
5V, 01V, > 15 V2 7 Yes I~ No s VgorVog > 1.5Vl £ Yes I No
IFYes,V,, = 481 po/h (Equation 25-8) [ Yes V. = po/h (Equation 25-18)
Capacity Checks Capacity Checks
Actug! Capagity LOS 7 Actual Capacity LOS F?
Ve Exhibit 25-14
Veo 11077 | Exhibit 257 Yes  [Veg=VE-Vg Exhibit 25-14
Vi Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Vi 4804 |Extibit257]  4800:Al Yes Vi, Exhibit 25-14
Level of Service Defermination (if not F) Level of Service Determination (if not F)
Dp =5.475 +0.00734 v o +0.0078 V,,- 0.00627 L, : Dg = 4.252 + 0.0086 V,, - 0.000 L
Dy = 37.3 {pe/mifin) De=  (po/mifin)
LOS = F (Exhibit 25-4) LOS = (Exhibit 25-4)
Speed Determination Speed Determination
Me=  0.720 (Exibit 25-19) Dg=  (Exhibit25-19)
Se=  48.4 mph (Exhibit 25-19) 5= mph (Exhibit 25-19)
S5= 535 mph (Exhibit 25-19) So=  mph (Exhibit 25-19)
S = 51.2 mph (Exhibit 25-14) S = mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel [-440 WB
lAgency or Company WSP SELLS Junction on-ramp from Glan. EB
Date Performed 711912010 Jurisdiction RaleighNCDOT/FHWA
Analysis Time Period AM Glenwood Qverpass ONLY  Analysis Year 2035
Project Description  Crabtres Valley
Inputs
Upstream Ad] Ramp Terrain: Level Downstream Adj
r = Ramp
‘Yes ~on MYes On
¥ No = off [ No I~ Off
Lyp = ft Loonn = 300 ft
Spp= 65.0 mph Sgr= 45.0mph ~
M = veh/h Sketch ( show lanes, Ly, L, Vio,Vy) Vo = 817 veb/h
Conversion to pc/h Under Base Condltions
(pe/) (Ve;l’fhf) PHF Tertaln %Truck %Ry fy f, = VIPHF xfgyxf,
Freeway 8951 1.00 Level 3 0 0.085 1.00 9085 -
Ramp 1349 1.00 Level 2 0 0.990 1.00 1362
UpStream
DownStream 617 1.00 Leval 2 0 0.890 1.00 623
Merae Areas Diverge Areas
Estimation of v, Estimation of v,
Vie= Vel ?FM) Vig = Ve # (Vg - VelPep
Leq (Equation 25-2 or 25-3}) eg = {Equation 25-8 or 25-9)
PFM = 0.048 using Equation (Exhibit 25-5) PFD = using Equation (Exhibit 25-12)
V4 0rV, ‘é‘;% pe/h (Equation 25-4 or 25- N, 07V, perh (Equation 25-15 or 25-16)
1§V, O V04 > 2,700 peh? 7 Yes ™ No Is Vg or Vy0 > 2,700 po? [ Yes 7 No
15 V3 0r Vg > 15 * V32 7 Yes ™ No ls V3 0r Viyas > 1.5 Viyf2 7 Yes [ No
I Yes,V,p, = 3634 po/h (Equation 25-8) I Yes,Vyp, = pc/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacily LOS F? Actual Capacily | OS F?
Ve Exhibit 25-14
Vo 10447 Exhibit 25-7 Yes Vo = VE- Vi Exhibit 25-14
Vi Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Acfual Max Desirable Violation? Actual Max Desirable Violation?
Viiz 4998 Exhibif 25-7| 4600:All Yes Vis Exhibit 25-14
Level of Service Determination (if not F) Level of Service Defermination (If not F)
Dg = 5475 +0.00734 v o +0.0078 V,, -0.00827 L, Dg = 4.252 + 0.0086 V,, - 0.00¢ L,
Dg = 35.0 {pe/mifin} Dr=  (po/mifin)
LOS = F {Exhibit 25-4) 10§ = {(Exhibit 25-4)
Speed Determination Speed Determination
Mg=  0.772 (Exibit 25-18) D.=  (Exhibit 25-19)
S.= 473 mph (Exhibit 25-19) 5= mph (Exhibit 25-19)
S;=  55.9 mph (Exhibit 25-19) Sp=  mph (Exhibit25-19)
S = 51.4 mph (Exhibit 25-14) S = mph {Exhibit 25-15)
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FREEWAY WEAVING WORKSHEET Page 1 of 1

FREEWAY WEAVING WORKSHEET
General Information Site Information
Analyst APATEL Freaway/Dir of Travel l-440 WB
Agency/Company WSP SELLS \Weaving Seg Location Glen WB onto Glen EB off
Dale Performed 7/19/2010 Lurisdiction Raleigh/NCDOT/FHWA
Analysis Time Period AM Glenwood Qverpass ONLY  |Analysis Year 2035
Inputs
F reev..ray free-flow speed, S, {mifh) 55 Woaving type B
Weaving number of lanes, N 2 Volume ratio, VR 0.74
Wea\{mg seg length, L (ff) 870 Weaving ratio, R 0.26
Tersain Leve
Conversions t6 pc/h Under Base Conditions
(poh) v PHF Truck % RV % E; Eg fiv fo v
v, 691 1.00 3 0 15 1.2 0.985 1.00 701
Voo 0 1.00 0 0 1.5 1.2 1.000 1.00 0
Vo1 1238 1.00 2 0 1.5 1.2 0.860 1.00 1250
Vi 442 1.00 2 0 15 1.2 0.980 1.00 446
V., 1686 |[Viu 701
L/ 2397
Weaving and Non-Weaving Speeds
Unconstrained Constrained
Weaving (i =w) Non-Weaving (i = nw) Weaving {i = w) Non-Weaving ( = nw)
a {Exhibit 24-6) 0.08 0.0020
b (Exhibit 24-6) 2,20 8.00
¢ (Exhibit 24-6) 0.70 1.00
d (Exhibit 24-6) 0.50 0.50
Weaving Intenslty fastor, Wi 1.26 2.01
Weaving and non-weavi

cods S i) 34.93 29.93
F\fz:ber of lanes required for unconstrained operation, Nw 1.88
Maximum number of lanes, Nw (max) 3.50

[¥ 1f Nw < Nw(max) unconsirained operation [ if Nw > Nw (max) constrained operation

Weaving Segment Speed, Density, Level of Service, and Capacity

Weaving segment speed, S {(mifh) 33.30

\Weaving segment density, D {pc/mifin} 35,99

Lavel of service, LOS D

(Capacily of base condition, ¢, (pch)

Capacity as a 15-minute flow rate, ¢ (veh/h)

Capacity as a full-hour volume, ¢, (veh/h)

INotes

l:jt V\éelalavirp segments longer than 2600 ft. are treated as Isolated merge and diverge areas using the procedures of Chapter 25, "Ramps and Ramp

b?gagggt;r constrained by baslc freeway capacity.

. Capacity occurs under constrained operating condilions.

d. Three-lane Type A segmenis do not operate well at volume ratios greater than 0.45. Poor operations and some iocal queuing are expected in
ch X

S?Fot?ra-ls:r?e Type A segments do not operate well at volume ratios greater than 0.35. Poor operations and some local queuing are expecied in
ch .

f.uCa;aa;teysconstrained by maximum allowable weaving flow rate: 2,800 pc/h (Type A), 4,000 (Type B), 3,500 (Type C).

. Five-lane Type A segments do not operale well at volume ratios greater than 0.20. Poor operations and some focal queuing are expected in such
h. g‘frspa B weaving segments do not operate well at volume ratios greater than 0.80. Poor operations and some local queuing are expected in such
. 'E?ye;e C weaving segments do not operate well at volume ratios greater than 0.50. Poor operations and some [ocal queuing are expected in such

Ses.
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freewayl/Dir of Travel 1-440 EB
)Agency or Company WSP SELLS Jurtion off-ramp to Ridge Rd
Date Performed 711812010 Jurigdiction Raleigh™NCDOT/FHWA
Analysis Time Pariod PM Glsnwood Overpass ONLY  Analysis Year 2035
Prolect Description  Crabiree Vallay
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
Ramp
fives [FOn Fves [ On
'No  T7off MNo  TToff
L = fit = Ldown = 800 ft
S = 65.0 mph = 45.0 mph
V= veh/h i Sketch { show lanes, Ly, LD.V:,I:{Jf) Vo= %9 veiih
Conversion to pc/h Under Base Conditions
(pei) v e\rfmr) PHF Terrain %Truck %Ry fy £, |v=VIPHF x fy X,
Fresway 8463 1.00 Level 3 0 .985 1.00 8590
Ramp 2742 1.00 Leval 2 0 0.990 1.00 2769
UpStream
DownStraam 989 1.00 Level 2 0 0.980 1.00 989
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vip= Vi (Pry) Via= Ve + (Vi - VRIPpp
Leg = (Equation 25-2 or 25-3) Leq = (Equation 25-8 or 25-9)
Py = using Equation (Exhibit 25-5) Pep = 0.450 using Equation (Exhibit 25-12)
V,,= pcih V), = 5388 poih
Vi or Vg pcth (Equation 25-4 or 25-5) 50TV 3202 peih (Equation 25-15 or 25-16)
Is V5 0r Vi 00 > 2700 pei? I~ Yes [ No I§ Vy OF V00 > 2,700 paih? [ Yes 7 No
lsVaorV, 4> 15*V 2 7 Yes "' No ls VaorV,>1.5*V,2 T7 Yas ¥ No
IfYes,Vyp, = pe/h (Equation 25-8) [ YesVy5, = 5890 pc/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Aclual Capacity LOS F?
Vi 8590 Exhibit 25-14] 7050 Yes
Vro Exhibit 25-7 Veo = Ve-Vg| 5821 |Exhibit25-14] 7050 No
Vg 2769 Exhibit25-3 | 4100 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Viotatlon? Actual Max Desirable Vfiolation?
Viqo Exhibit 25-7| Vi, 5388 | Extubit2s-14 | 440041 | Yes
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475 + 0.00734 v 5 + 0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0088 V,, - 0.009 L,
Dg = {pc/mifin) D = 38.7 (po/mifin)
L0S=  (Exhibit 25-4) L0S=  F (Exhibit 25-4)
Speed Determination Speed Determination
[Mg=  (Exibit 25-19) D,=  0.547 (Exhibit 25-19)
Sp= mph (Exhihit 25-18) Sp= 52.4 mph (Exhibit 25-19)
S;=  mph (Exhibit 25-19) S¢=  64.7 mph (Exhibit 25-19)
S = mph (Exhibit 25-14) S = 56.7 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel 1-440 EB
IAgency or Company WSP SELLS Junction on-ramp from CVA extension
Date Performed 71912010 Jurisdiction RaleighNCDOT/FHWA
Analysis Time Period PM Glenwood Overpass ONLY  Analysis Year 2035
Project Description  Crabtree Valley
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
- - Ramp
Y .
o8 on FYes M On
M No = off I No [ of
Ly = fit L goun © 1500 ft
Spp= 850 mph Sepr= 45.0mph _
Vo= veh/h Sketoh ( show tanes, L, Lo,V V) Vo= 2162 veh/h
Conversion to pc/h Under Base Conditions
{poi) (Ve\r:lhr) PHF Terraln %Truck %Ry fuv f, v = VIPHF X fig X £
Freeway 5721 1.00 Level 3 0 0.985 1.00 5807
Ramp 989 1.00 Leve! 2 0 0.890 1.00 999
UpSiraam
DownStream 2192 1.00 Level 2 0 0.990 1.00 2214
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
) Via = Ve (Pey) Vyp = Vg + (Vg - VR)Pep
Leq = (Equation 25-2 or 25-3) Leq = (Equation 25-8 or 25-9)
PFM = 0.619 using Equation (EXhibli 25-5) PFU = using Equation {Exhibit 25-12)
Vo= 3597 poth ‘ Vo= pe/h
V, 01V, gw pofh (Equation 25-4 or 25- V, 0r V, 0 peh (Equation 25-15 or 25-16)
Is Vg 0V, 0, > 2,700 pei? I~ Yes 7 No Is V5 0r Vas > 2700 po? I Yes [ No
I8V, 0V, 50> 15* V)2 [~ Yes ¥ No I8 V501 Ve > 15* V2 |7 Yas [ No
I YeS,Vma - pC/h (Equation 25'8) 1f YeS,Vua = pclh (Equallon 25-1 8)
Capacity Checks Capacily Checks
Actual Capacity LOS F? Actual Capacily LOSF?
Ve Exhibit 25-14
Vo 6806 Exhiblt 25-7 No Vg = Ve -V Exhibit 25-14
Vg Exhibit 25-3
Flow Entering Merge influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actuel Max Desirable Violation?
Vriz 4506 |Exnibit25-7]  4600AN No Vi, Exhibit 25-14 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5475 +0.00734 v  +0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dy = 31.5 {pcimifn) Dg= {pc/mifin}
LOS = D (Exhibit 25-4) L.0S= {Exhibit 25-4)
Speed Determination Speed Determination
M= 0.572 (Exibit 25-19) D= (Exhibit 25-19)
Se=  51.8 mph {Exhibit 25-19) Sg=  mph (Exhibit 25-19)
Sp= 588 mph (Exhibit 25-19) S¢=  mph (Exhibit 25-19)
S = 53.9 mph {Exhibit 25-14) S = mph {Exhibit 25-15)

Copyright € 2010 University of Florida, All Rights Reserved

file://C:\Documents and Settings\USAP04185\Local Settings\Tempu2kB3B.tmp

HCS+™ version 5.5 Generated: 7/21/2010 12:57 PM

7/21/2010



RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Trave! 1-440 EB
IAgency or Company WSP SELLS Junction on-ramp from Glenwood WB
Date Performed 6/21/2010 Jurisdiction RaleighNCDOT/FHWA
Analysis Time Period PM Glenwood Overpass ONLY  Analysis Year 2035
Prolect Description  Crabtres Valley
Inputs
Upstream Adj Ramp Terraln: Level Downstream Adj
. Ramp
I Yes [ On FYes [7On
FF'No  T7Off FNo T oOff
Ly = 1200 ft boin ™ T
8= 65.0mph Spp= 45.0 mph
Vo = 2192 veh/h Sketch { show lanes, L, Lo, Ve,V Vo = veh/h
Conversion to pe/h Under Base Conditions
{pci) (Ve\r{mr) PHF Terraln %Truck %Rv fhv fo v = VIPHF x i, x f,
Freeway 8902 1.00 Level 3 0 0.985 1.00 9036
Ramp 1090 1,00 Leval 2 0 0.920 1.00 1101
UpStream 2192 1.00 Lavel 0 0 1.000 1.00 2192
DownSfream
Mergs Areas Diverge Areas
Estimation of v, Estimation of v,
Vip = Vi ( Fl’FM) Vi, =Vg+ (Vg -ViPrp
Leo (Equation 25-2 or 25-3) Lg (Equation 25-8 or 25-9)
P 0.080 using Equation (Exhibit 25-5) Peo using Equation (Exhibit 25-12)
V1o 724 pcih ‘ Vi pe/h
V01V, g1)56 pofh (Equation 25-4 or 25- V., 0r V.0 pe/h (Equation 25-15 or 25-16)
Is Vy 07 V0 > 2700 pei? 7" Yes I No I8 V3 0r Vg, > 2,700 pi? [ Yes ™ No
I8V, 0rV, 30> 15 V2 7 Yes I No 8VaorV, s >15*V,2 [ Yes 7 No
IFYes,Vy,, = 3614 po/h (Equation 25-8) If Yes,Vy,, = pc/h (Equation 25-18)
Capacity Checks - |CapacHly Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Ve Exhibit 25-14
Vo 10137 Exhibit 25-7 Yes Vi = Ve - Vi Exhibit 25-14
Ve Exhibit 25-3
Flow Enfering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Deslrable Violation?
Viiz 4715 Exhibit 25-7] 4600:Al Yes Vyg Exhibit 25-14
Level of Service Determination (if not F) Level of Service Determination (If not F)
D = 5.475 +0.00734 v  +0.0078 V,, - 0.00627 L, Dg =4.252 +0.0086 V,, - 0.009 L,
Cp = 32.3 (pefmifin Cr=  {pc/mifin)
LOS = F (Exhibit 25-4) LOS =  (Exhibit 25-4)
Speed Determination Speed Determination
Mg= 0621 (Exiblt 25-19) D = {Exhibit 25-19)
e 50.7 mph (Exhibit 25-19) Sg=  mph (Exhibit 25-19)
Se= 56,0 mph (Exhibit 25-19) So= mph (Exhibit 25-1%)
S = 53.4 mph (Exhibit 25-14) S = mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET
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Se=  mph (Exhibit 25-19)
S=  mph (Exhibit 25-19)
S=  mph(Exhibit 25-14)

RAMPS AND RANP JUNCTIONS WORKSHEET
General Information Site Information
Analyst Caroline Kone Freeway/Dir of Travel i-440 WB
Agency or Company WSP SELLS Junetion off-ramp to Glenwood/CVA
Date Performad 6/21/2010 Jurisdiction RaleighNCDOTIFHWA
[Analysls Time Period PM Glanwood Overpass ONLY  Analysis Year 2035
Project Description Crabiree Valley
Inputs
Upstream Adj Ramp Tesrain: Level Downstream Adj
{- - Ramp
L 0
Yes f [FYes [T7On
I No I Off #: No I~ Off
Lyp = ft L~c1wn'| = ft
Scp= 65.0mph Spp= 450 mph
FF FR -
MV = vehvh Sketch  show lanes, Ly, Lo, Ve, Vi) Vo= vehfh
Conversion to pc/h Under Base Conditions
(pcfn) (Ve‘;]{ﬁ! B PHF Terrain %Truck %Rv fav fa v = VIPHF X fiyy X f,
Freeway 11115 1.00 Leve! 3 0 0.985 1.00 11282
Ramp 0 1,00 Level 2 0 0.990 1.00 Y
UpStream
DownStream
Merge Areas Diverge Areas
|Estimation of v, Estimation of v, ]
Vig = Ve (Pey) Vig® Vg + (Ve - VpIP
Leg = guation 25-2 or 25-3) Leq = (Equation 25<8 or 25-9)
Pey = using tion (Exhibit 25-5) Prp = using Equation (Exhibit 25-12)
2= pdh V12 = 2347 pG/h
\13 or Vo pc/h (Equation 25-4 or 25+ VyorV, 3339 po/h (Equation 25-15 or 25-16)
Is Vgor Ve > 2700 peh? [ Yes [ No 30 Va4 > 2700 poih? [ Yes T No
IsVa0rV, > 15* V2 [~ Yes T7 No s Va0rV, 0> 1.5*V 2 [ Yes [T No
ifYes, V5, = po/h {Equation 25-8) EE:@@“\ 3610 pc/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacily LOS F? Actual Capacity LOS F?
Ve 9026  |Exhibios44] 9400 No
V/ Exhibit 25-7 Vo =Ve-Vo| o026 [Exnivit2s-14] “mase | wo
Ve 0 Exhibit25-3] 4100 | WMo
Flow Entering Merge Influence Area Flow Entering Diverge influence Area
Aclual Max Desirable Viplation? Aclual Max Deslrable Violation?
Vara Exhibi125-7| Via 2347 Exhiblt 25-14 | 4400:A1l No
Level of Service Determination (if not F) ILavel of Service Determination (if not F)

Dg = 5.475 + 0.00734 v o + 0.0078 V- 0.00627 L, Dg = 4:262-+0:0086 Viz= U009 T, 0-0109 Vg
Dp = (pc/mifin) Dp= 88 (po/mifin) 2454 N
L0S=  (Exhibit 25-4) 10S= A (Exhibit25-4) €
Speed Determination Speed Determination
Mg = (Exibit 25-19} D, = 0.298 (Exhibit 25-19)

Se=  58.1 mph (Exhibit 25-19)
S 64.6 mph (Exhibit 25-19)
S=  61.9mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Anaiyst APATEL Freeway/Cir of Travel -440WB
lAgency or Company WSP SELLS Junction on-ramp from CVA extension
Date Performed 71192010 Jurisdiction Raleigh/NCDOT/FHWA
Analysis Time Period PM Glenwood Overpass ONLY  Analysis Year 2035
Project Description  Crabiree Valiey
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
Ramp
Yes  F~On Myes [%0n
MNo  [7Off FNo I7oOf
Lyp ™ 300 ft - - Lionn = ft
Spp= 650 mph rr = 45.0 mph
Mu= 1651 ven/h " Sketch ( show lanes, Ly, L Ve,V Vo= veh/h
Conversion to pc/h Under Base Conditions
{porh) vety | PHF Tertain winok | %R | £, = VIPHF Xy x
Freeway 7668 1.00 Level 3 0 0.985 1.00 7783
Ramp 915 1.00 Level 2 0 0,990 1.00 924
UpSiream 1651 1.00 Levsl 2 ] 0.990 1.00 1668
DownSlream
Merge Areas Diverge Areas
Estimation of v, |Estimation of v,
Vi2= Ve (Pry) Vo= Vg + (Vg - Vg)Pep
Leq {Equation 25-2 or 25-3) Lcq {Equation 25-8 or 25-9)
Py = 0.102 using Equation (Exhibit 26-5) Pep = using Equation (Exhibit 25-12)
Vi 796 pch Vio pc/h
V3 0r Vg g‘;gs po/h (Equation 25-4 or 25- Vo O Voo porh (Equation 25-15 or 25-16)
I8 V4 0r V54 > 2,700 peh? ¥ Yes I No s V501V, > 2,700 pch? = Yes [ No
s V501V, 50> 15*V,2 [ Yes I No [s Va0 Vyay > 1.5 *V1212 T vas " No
If Yes,V 5, = 3113 po/h (Equation 25-8) 1FYes,Vizy = pe/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Actual Capacity LOS F?
Ve Exhibit 25-14
Veo 8707 |Exhibit 257 No Veg = Vi -V Exhioit 25-14
Vp Exhibit 26-3
Flow Entering Merge influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Aclual Max Desirable Violation?
Vriz 403 |exnibitos7|  4600:Al No Vi, Exhibit 25-14 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5.475 + 0.00734 v  +0.0078 V., - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dp = 31.2 {po/mifin) D= (pc/mifin)
LOS = O (Exhibit 25-4) 0S8 = (Exhibit 25-4)
Speed Determination Speed Determination
Mgz (.465 (Exibit 25-19) D, = {Exhibit 25-19)
Sp= 54,3 mph {Exhibit 25-19) Sq= mph {Exhibit 25-19)
5= 58.3 mph {Exhibit 25-19) So7 mph {Exhibit 25-19)
S = 56.4 mph {Exhibit 25-14) S = mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET Page 1 of 1
RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Trave! |-440 WB
Agancy or Company WSP SELLS Juaction on-ramp from Glen. EB
Date Performed 711512010 Jurisdiction RalelghNCDOT/FHWA
Analysis Time Period PM Glenwood Cverpass Only Analysls Year 2035
Project Dascription  Crabtree Valley
Inputs
Upstream Adj Ramp Terrain: Lovet Downstream Adj
- - Ramp
= v, 7
es on MYes [ On
MNo  [TOf “No  [TOR
L, = ft (— 300 ft
Spe= 65.0mph Ser= 45.0mph _
Vo = vehrh Sketch  show lanes, Ly, LV Vi) Vo = 915 veh/h
Conversion to pc/h Under Base Conditions
{pch) v ezlhr) PHF Terrain %Truck %Ry fav fo Vv = VIPHF X fy x
Freeway 6017 1.00 Leve! 3 0 0.985 1.00 6107
Ramp 1651 1.00 Level 2 0 0.990 1.00 1668
UpStream
DownStream 915 1.00 Level 2 0 0.990 1.00 924
Merae Areas Divergs Areas
|[Estimation of v, Estimation of v,
V12=VF“.DFM) Vip = Vr + (Ve - VRIPEp
LEQ = (Equation 25-2 or 25-3) LEQ = (Equation 25-8 or 25-9)
PFM = 0009 using Equation (Exhibﬂ 25'5} pFD = using Equaﬁon {Exhibit 25_12)
IV, orV, s ?_325 pe/h (Equation 25-4 or 26- Vo 07 V0 pe/h (Equation 25-15 or 25-16)
Is V3 or Vam > 2,700 peh? I Yes [T No Is V3 or Va,'.34 > 2,700 pe/n? I~ Yes I No
* = T
Is VaorVav34>1=5*V12/2 [+ Yes |~ No ISV30I'V8V34>1.5 V12]2 I™ Yes [ No
If Yes,Vu_a = 2462 pc/h (Equation 25-8) i Yes, Vo, = pcih (Equation 25-18)
Capacity Checks Capacity Checks
Aclual Capacity LOS F? Actual Capacity LOS F?
Ve Exhibit 25-14
Vo 7775 | Exhibit 257 No  |Vpo=Ve-Vr Exhibit 25-14
VR Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge influence Area
Aclual Max Daslrable Violation? Aclual Max Desirable Violation?
Viiz 410 [Exnibitos7] 4600l No Vi Exhibit 25-14 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5475 +0.00734 v ¢ + 0.0078 V,, - 0.00627 L, Dy, = 4.252 + 0.0086 V,, - 0.009 L
Dr = 28.0 (pc/mifn) Dg= {pc/mifin}
LOS = C (Exhibit 25-4) L0S = (Exhibit 25-4)
Speed Determination Speed Determination
[Mg=  0.433 (Exibit 25-19) D= (Exhibit 25-19)
Se=  55.0 mph (Exhibit 25-19) Sg=  mph (Exhibit 25-19)
So= 0.2 mph {Exhibit 25-19) Sg= mph {Exhibit 25-18)
S = 57.4 mph {Exhibit 25-14) S = mph (Exhibit 25-15)
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FREEWAY WEAVING WORKSHEET

General Information Site Information
Analyst Freeway/Dir of Travel l-440 WB
Agency/Company WSP SELLS Weaving Seg Location Glen. WB on to Glen. EB off
Date Performed 7119/2010 urisdiction Raleigh/NCDOT/FHWA
Analysis Time Period PM Glenwood Cverpass ONLY  JAnalysis Year 2035
inputs
Freev:ray free-flow speed, S¢; (mif) 55 Weaving tyoe B
Weaving number of lanes, N 2 Volume ratio, VR 0.68
Weaving seg length, L (ff) 870 Weaving ratio, R 0.38
Teriain Lave]
Conversions to pc/h Under Base Conditions
{pch) v PHF Truck % RV % E; En fy fo v
Vo1 796 1.00 3 4] 15 1.2 0.985 1.00 807
Voo 0 1.00 2 0 1.5 1.2 0.990 1.00 0
Vit 1056 1.00 2 0 15 1.2 0.990 1.00 1066
V. 651 1.00 2 0 1.5 1.2 0.990 1.00 857
V., 1723 Vo 807
\/ 2530
Weaving and Non-Weaving Speeds
Unconstrained Constrained

Weaving {i = w) Non-Weaving {| = nw) Weaving (i =w) Non-Weaving { = nw}
a (Exhibit 24-6) 0.08 0.0020
b (Exhibit 24-6) 2.20 6.00
; (Exhibit 24-6) 0.70 1.00
d (Exhibit 24-6) 0.50 0.50
Weaving Intensity factor, Wi 1,26 1.94
[Weaving and non-weavl
Eronde oty o 34.89 30.33
Number of lanes required for unconstrained operation, Nw 1.83
Maximum number of lanes, Nw (max} 3.50

J¥" 1 Nw < Nw{max) unconstrained operation I if Nw > Nw {max) constrained operation
Weaving Segment Speed, Density, Level of Service, and Capacity
[Weaving segment speed, S {(mifh) 33.30

'eaving segment density, D {pce/mifin) 37.99
Lovel of service, LOS E
Capacity of base condition, ¢, (pc/h)
Capacity as a 15-minule flow rate, ¢ {vehin)
Capacity as a full-hour volume, ¢, (veh/h}

Notes

la. Weaving segments longer than 2500 ft. are trealed as isclated merge and diverge areas using the procedures of Chapter 25, “Ramps and Ramp
Hunclions®,

b. Capacity conslrained by baslic freeway capacity.

. Capacity occurs under constrained operating conditions.

d. Three-lane Typa A segmenls do not operate well at volume ratlos greater than 0.45. Poor operalions and some local queuing are expected In
such cases.

e. Four-lane Typea A segments do not operate well at volume ratios greater than 0.35. Poor opersations and some local queuing are expecled In
such cases.

f. Capacity constrained by maximum allowable weaving flow rate: 2,800 pe/h (Type A), 4,000 (Type B), 3,600 (Type C).

. Five-lana Type A ssgments do nel operate well at volume ratios greater than 0.20. Poor operations and some local queuing are expeacted in such
Cases.

h. Type B weaving segments do not oparate well at volume ratios greater than 0.80. Peor cperations and some local queuing are expected in such
Cases.

i. Type C weaving segments do not operate well at volume ratios greater than 0.50. Poor operations and some local queuing are expected in such
Cases.
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RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL FreewayiDir of Travel |-440 EB
Agency or Company WSP SELLS Junction off-ramp to Ridge Rd
Date Performed 71412010 Jurisdiction RaleighNCDOT/FHWA
Analysis Time Peried AM Glenwood WB Qverpass Analysis Year 2035
Project Description  Crabtree Vailey
Inputs
tipstream Ad] Ramp Terrain: Level Downstream Ad|
] Ramp
Myes  Tion vYes I On
PNo T of FNo I of
° " S rp = 650 mph Srn= 460 n® 20T
= §50mp rr= 45.0mph
V= vehh " Sietoh (showlanss, Ly, Lo Ve V) Vo= 744 veh/
Convarsion to pc/h Under Base Conditions
(pch) (Ve\r{mr) PHF Terrain %Truck %Rv fuv fo V= VIPHF xfiy, xf,
Freeway 6851 1.00 Level 3 0 0.685 1.00 6954
Ramp 1829 1.00 Leval 2 0 0.580 1,00 1847
UpSiream
DownStream 744 1.00 Level 2 0 0.880 1.00 751
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Via= Ve (Pey ) Vig= VR ¥ (Vi - VrlPrp
Leg = (Equation 25-2 or 25-3) Leq ™ {Equation 25-8 or 25-9)
Py = using Eqguation (Exhibit 25-5) Pro = 0.450 using Equation {Exhibit 25-12)
Vip = peih Vi = 4145 po/h
V3 0T Vg pc/h (Equation 25-4 or 25-5) Vg O V0 2809 pc/h (Equation 25-15 or 25-16)
lsV50rVy e > 2700 0?7 Yes 1™ No s V3 or Vav34 > 2700 06?7 Yes {7 No
BVa0rV, 5> 15" Vif2 7 Yes T No 5Vy0rV, > 15 Vy2 T7 Yes i No
If Yes,Vyp, = pc/h (Equation 25-8) I Yes.Vyy, = 4254 po/h (Equation 25-18)
Capacity Checks Capacity Checks
Aclual Capacity LOS F? Actual Capacity LOS F?
Ve 6954  |Exhivlt25-14] 7050 No
Veo Exhibit 25-7 Veg=VE-Vgr]| 5107 Exhibit 25-14] 7050 No
Ve 1847 Exhibit25-3 | 4100 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual iMax Desirable Viciation? Aclual Max Desirable Violation?
Vria Exhibit 25-7 Vi, 4145 Exhibit 25-14 | 4400:Al No
Level of Service Determination (If not F) Level of Service Determination (if not F)
Dy = 5.475 + 0.00734 v  + 0.0078 V, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dp = {pc/mifln) Do= 246 (pe/mifin)
LOS = {Exhibit 25-4) LOS = C (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  (Exibit 25-19) D,=  0.464 (Exhibit 25-19)
55= mph (Exhibit 25-19) Sq= 54.3 mph {Exhibit 25-19)
Se=  mph (Exhibit 25-19) So=  64.7 mph {Exhibit 25-19)
S = mph (Exhibit 25-14) S = 57.9 mph {Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET
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RAMPS AND RANMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel |-440 EB
IAgency or Company WSP SELLS Junction on-ramp from CVA extension
Date Performed 711512010 Jurisdiction RaleighNCDOT/FHWA
Analysls Time Period AM Glenwood Overpass Analysis Year 2035
Project Descriplion  Crablree Valley
Inputs
Upstream Ad) Ramp Terain: Level Downstream Adj
Ramp
[FYes  ["On MYes [MOn
¥ No [ Off IZ No ™ off
L = ft Lo = 1500 ft
Spp= 65.0mph Spr = 450 mph
V= vehh T Sketoh (showlanss, Ly, Lo Vi V) Vo= 1890 vehvh
Conversion to pe/h Under Base Conditions
(pe) vamy | P Teran | %ok | WRv | fay i, = VIPHF x
Freeway 5022 1.00 Level 3 0 0.985 1.00 5097
Ramp 744 1.00 Level 2 0 0.890 1.00 751
UpStream
DownSirgam 1890 1.00 Level 2 0 0.890 1.00 1809
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vi2= Ve (Pey) Vi =Vr+ (Ve - VR)Prp
Leg = (Equation 25-2 or 25-3) Lo (Equation 25-8 or 25-9)
Pe = 0619 using Equation (Exhibit 25-5) Pep = using Equation (Exhibit 25-12)
V.o 3158 poth Vi, peih
V0V 15 5;39 pe/h (Equation 25-4 or 25- V,0rV_ g ool (Equation 25-15 or 25-16)
Is Y, 0 V, 4 > 2,700 peh? [~ Yes [7 No s Vy0r V,ae > 2700 pa/m? [ Yes 1 No
I8V, 0rV_3y > 15* V2 I~ Yes ¥ No IsVa0rVyq> 18" Vipl2 T~ Yes = No
If Yes,Vyy, = po/h (Equation 25-8) If Yes,V,, = pcih (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capagity LOS F?
Ve Exhibit 25-14
Veo 5848 Exhibit 25-7 No Vep = Ve -V Exhibit 25-14
Vi Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Daslrable Violation?
Va2 3900 |Exhibit257]  4600:AN No Vi, Exhibit 25-14 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
D =6.475+0.00734 v  +0.0078 V,, - 0.00627 L, Dy = 4.252 +0.0086 V,, - 0.009 L
Op = 26.2 (pc/mifin) O = (pofmifin}
LOS = C {Exhibit 25-4) L0S=  (Exhibit 25-4)
Speed Determination Speed Determination
[Mg= 0380 (Exibit 25-19) Dg=  (Exhibit 25-19)
Se=  56.3 mph (Exhibit 25-19) Sp=  mph (Exhibit 25-19)
S;=  59.8 mph (Exhibit 25-19) So=  mph (Exhibit 25-19)
S = 57.4 mph (Exhibit 25-14) S = mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET
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RANMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Fresway/Dir of Travel I-440 EB
Agency or Company WSP SELLS Junction on-ramp from Glenwood WB
Date Petformed TH512010 Jurisdiction RaleighNCDOT/FHWA
Analysis Time Period AM Glenwood Overpass Analysfs Year 2035
Project Description  Crabiree Vallay
inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
) Ramp
" Yes [~ On MYes [“On
I No = off I# No [ Off
Ly = 1200 ft Lo = ¢
_ Sep= 65.0mph Sep = 45.0 mph = hh
Vo = 1830 veh/h Sketeh  show lanes, Ly, Lo, Va V) B ve
Conversion fo pe/h Under Base Conditions
{pch} (Ve\r{ihr) PHF Terraln %Truck %Rv fiv fo = VIPHFE xfyyxf,
Freeway 7656 1.00 Level 3 0 1.885 1,00 7
Ramp 1163 1.00 Level 2 0 0.990 1.00 175
UpStream 1880 1.00 Leval 2 0 0.%90 1.00 1809
DownStream
Merge Areas Diverge Areas
Estimation of vy, Estimation of v,
V12 = VF ( F,FM) V12 = VR * (VF - VR)PFD
Leq = (Equation 25-2 or 25-3) L= (Equation 25-8 or 25-0)
Prie = 0071 using Equation (Exhibit 25-5) Pep = using Equation (Exhibit 25-12)
V12 = 551 pe/h V12 = po/h
V0V, gt)m pe/n (Equation 25-4 or 25- V., 0rV, a6 pof (Equation 25-15 or 25-16)
I§ V3 0 V54 > 2,700 peh? [ Yes I~ No Is V3 0r Vo5 > 2,700 poi? I Yes [ No
I8 Vo 0r Vg > 15 Vi [7 Yes 1= No IsVa0r Vs >1.5*Viy2 7 Yes [ No
If Yes,V g, = 3108 po/h (Equation 25-8) IfYes,Vyg, = pc/h (Equation 26-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Ve Exhibit 25-14
Veo 8946 Exhibit 25-7 No Vg = Ve -Vg Exhibit 25-14
VR Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Dasirable Violation?
Vria 4283 [Extubit2s7]  4s00Al No Vyo Exhibit 25-14
Level of Service Determination (If not F) Level of Service Determination (If not F)
Dg = 5475 +0.00734 v 5 + 0.6078 V,, - 0.00627 L, Dy = 4.252 + 0.0086 V,, - 0.008 L,
D= 28.9 {pc/mifin) D= (pc/mifin)
LOS = D {Exhibit 25-4) L0S = (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  0.469 (Exibit 25-19) Dg=  (Exhibit 25-19)
Sg= 54.2 mph (Exhibit 25-19) 5= mph (Exhibit 25-19)
Se= 5.3 mph (Exhibit 25-19) S=  mph (Exhibit 25-19)
S = 56.3 mph (Exhibit 25-14) S = mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RANMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
[Analyst APATEL Freeway/Dir of Travel 1-440 WB
[Agency or Company WSP SELLS Juncticn off-ramp to Glenwood/ CVA
Date Performed 1512010 Jurisdiction RaleighNCOOT/FHWA
[Analysis Time Period AM Glenwood Overpass Analysis Year 2035
Project Description  Crabfres Vallay
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
P = Ramp
Yes n Mvyes [ On
PNo  [Foff MNo IO
LuF' ; ft Lm“ } f
S = 65.0mph Spr= 45.0mph _
M, = veh/h Sketch { show fanes, Ly, Lo, Vg,V Vo= veh
Conversion to pc/h Under Base Conditions
(path) (Ve\r:fh 3 PHF Terrain %Truck %Rv frav fo v = VIPHF x fyy x f
Freeway 12893 1.00 Level 3 0 0.985 1.00 13086
Ramp ] 1.00 Level 2 0 0.890 1.00 0
UpSiream "
DownStream :
Merge Areas Diverge Areas
Estimation of v,, Estimation of v, T
Vip= Vg + (Vg - V)P
Leq = Leq = (Equation 2&<8 or 25-9)
Pew = Pep = using Equation {Exhibit 25-12)
Vi V,p = 2722 pe/h
Vo 01 V4 pcih (Equation 25-4 or 25- Vs 01V, 3873 pefh (Equation 25-15 or 25-18)
bs Vyor Ve, > 2,700 poi? [ Yes I No SV or V00> 2,700 pem? v Yes I No
tsVyor Vav34 >15*Vf2 7 Yes ™ No VaorV ., > 1.5*V,0f2 I Yes " No
[fYesV,y, = pe/h (Equation 25-8) If Yes, Vg 4187 pe/h (Equation 25-18)
Capacity Checks Capacity Chécks
Aclual Capacity LOS F? Actual Capacity LOSF?
Ve 10469  |Exnibizsid] 9400 | ves
V/ Exhibit 25-7 Veo=Ve-Ve| 10469  |Exhibit2s-i4] “aoe. | Yes
Vi 0 Exnint25-3 | 4100 No-..
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Aclual Max Desirable Violation?
Vi Exhibit 25-7| Vi, 2122 | Exnibit2s44 | 4d00an | No

Level of Service Determination (If not F)

Level of Service Determination (if not F)

Dp, = 5475 + 0.00734 v , +0.0078 V,, - 0.00627 L,

Dy = :262-+0-0086.\1,- 00084 60109 VE
N

Or = {pc/mifin) Dg= 358 (po/miin) 2853
L0S=  (Exhibit 25-4) LOS= -F (Exhibit25-4) D
Speed Determination Speed Determination

Mg=  (Exibit 25-19) D,= 0,208 (Exhibit 25-19)

Se= mph (Exhibit 25-19) Se= 58,1 mph (Exhibit 25-19)
S;=  mph (Exhibit 25-19) S 63.0 mph (Exhibit 25-19)
S = mph (Exhibit 25-14) S = 60.9 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
[t\nalyst APATEL Freeway/Dir of Travel 1-440 'WB
Agency or Company WSP SELLS Jungtion on-1amp from CVA extension
Date Performed 711512010 Jurisdiction RaleighNCDOT/FHWA
Analysis Time Period AM Glenwood Overpass Analysis Year 2035
Preiect Descriplion  Crablree Valley
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
Ramp
W Yes  [~On [FYes [“On
FNe  [Toff FNe [Hoff
L= 300 ft - — L= ft
= 650 mp Sgr= 45.0mph
v, = 1349 veh/h " Sketch { show lanes, L, Lo,V V) Vo = ven/h
Conversion to pc/h Under Base Conditions
(pch) I Terrain %Truck | %R fy f,  [v=VPHEx fiyxT,
Freeway 10300 1.00 Level 3 0 - 0.985 1.00 10454
Ramp 617 1,00 Level 2 0 0.980 1.00 623
UpStream 1349 1.00 Level 2 0 0.980 1.00 1362
DownSiream
Merge Areas Divergs Areas
Estimation of v, Estimation of v,
Vi= Vi (Pry) Viy= Ve * (Ve - VidPep
Leg = {Equation 25-2 or 25-3) leq = (Equation 25-8 or 25-9)
Pen = 0.140 using Equation (Exhibit 25-5) Pep = using Equation {Exhibit 25-12)
Vi = 1463 pcfh V., = pch
V07V ‘é‘;% po/h (Equation 25-4 or 25- V01V, po/h {Equation 25-15 or 25-16)
I Vg O V54 > 2700 peh? 7" Yes [ No Is V3 0r Vyypq > 2700 pon? [ Yes [ No
I8 V3 0 Vyoy > 15 Vil2 7 Yes I No Is V3 0rVog> 15°Vyp2 [ Yes I No
If Yes,V,p, = #181 po/h (Equation 25-8) If Yes,Vyp, = pc/h (Equation 25-18)
Capacity Checks Capacity Checks
Aclual Capacity LOS F? Actial Capacity LOS F?
Ve Exhibit 25-14
Vo 11077 | Exhibit 25-7 Yes  {Veo=Ve-Vi Exhibit 25-14
Ve Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Actual Max Desirable Violation?
Viria 4804 |Exhivit257]  4800:AN Yes Vi, Exhibit 25-14
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 6475 + 0.00734 v o +0.0078 V,, - 0.00827 L, Dg =4.252 + 0.0086 V,, - 0.009 L,
Dr = 37.3 (po/mifin} Op = {pc/mifin}
LOS = F {Exhibit 25-4} LOS=  (Exhibit 25-4)
Speed Determination Speed Determination
M= 0.720 (Exibit 25-19) D;=  (Exhibit25-19)
Se=  48.4 mph (Exhivit 25-19) Sg=  mph (Exhibit 25-19)
S;=  53.5 mph (Exhibit 25-19) o= mph (Exhibit 25-19)
S = 51.2 mph (Exhibit 25-14} S = riph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel |-440 WB
Agency or Company WSP SELLS Junction on-ramp from Glen, EB
Date Performed 711512010 Jurisdiction RaleighfNCDOT/FHWA
Anatysis Time Period AM Glenwood Overpass Analysls Year 2035
Prolact Description  Crabiree Valley
Inputs
Upstream Adj Ramp Tereain: Level Downstream Adj
i Ramp
Myes {170n FYes [ On
IMNo  [I7Off MNo I oOff
Lo ™ ft g = 300 ft
§..= 65.0mph Spg= 45.0mph
Vo= veh/i i Skefch ( show tanes, Ly, Lp.Va.V) Vo = 817 veh/h
Conversion to pe/h Under Base Conditions
(perh) vo | P Terrain Tk | %Rv fu f,  V=VIPHE xfyyxf,
Freeway 8951 1.00 Level 3 0 0.985 1.00 9085
Ramp 1349 1,00 Level 2 i] 0.980 1.00 1362
UpStream
DownSiream 617 1.00 Level 2 0 0.980 1.00 623
Marge Areas Diverge Areas
Estimation of v, Estimation of v,
Vi® Ve (Pru) Vs = VR * (Vg - Ve)Pep
Lea = (Equation 25-2 or 25-3) Leq ™ (Equation 25-8 or 25-9)
Py = 0.048 using Equation (Exhibit 25-5) Pep = using Equation (Exhibit 25-12)
Vg = 432 pcth V), = pc/h
V, 0V, 0 453;26 po/h (Equation 25-4 or 25- Va0V, 50 oo/ (Equation 25-15 or 25-16)
Is V3 0rvﬂ34>2]700 pdh? ¥ Yes T No Is V3 orVa,m> 2,700 pCIh? I Yes I'" No
IsVyorV, 5> 15* V)2 7 Yes I No IsVa0rV, 2> 1.5* V2 7 Yes 17 No
1 Yes.Vyy, = 334 po/h (Equation 25-8) [ YesVi® pe/h (Equation 25-18)
Capacilty Checks Capacity Checks
Actual Capacily LOS F? Actual Capacity LOS F?
Ve Exhibit 25-14
Veo 10447 | Exhibit 257 Yes  |Vpo=VE-Vg Exhibit 25-14
Vi Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual i Max Desirable Violation? Actual Max Desirable Violation?
VRi2 4996 Exhibit 25-7 4600:Ai Yes Vio Exhibit 25-14
ILevel of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5475 +0.00734 v , +0.0078 V., - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dp = 35.0 {po/mifin) Dk=  (pc/mifln)
LOS = F (Exhibit 25-4) L0S = (Exhibit 25-4}
Speed Determination Speed Determination
Ms=  0.772 (Exibit 25-19) 0= (Exhibit 25-19)
S= 47.3 mph (Exhibit 25-19) Sg= mph (Exhibit 25-19)
5=  56.9 mph {Exhibit 25-19) S¢=  mph (Exhibit 25-19)
S = 51.4 mph (Exhibit 25-14) 5 = mph (Exhibit 25-15)
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FREEWAY WEAVING WORKSHEET Page 1 of 1

FREEWAY WEAVING WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel [-440 WB
Agency/Company WSP SELLS Weaving Seg Location Glen WB onto Glen EB off
Date Performed 7115/2010 Jurisdiction Raleigh/NCDOT/FHWA
Analysis Time Period AM Glenwood Overpass Analysts Year 2035
Inputs
Freew"ay free-flow speed, S¢; (mifh) 55 Weaving type B
Weaving number of lanes, N 2 Volume ratio, VR 0.71
Wea\.fing seg length, L (ft) 870 Weaving ratio, R 0.26
Terrain Level
[Conversions to pc/h Under Base Conditions
(poi) v PHF Truck % RV% E; Er fiow fo y
Vi 691 1.00 3 0 15 12 0.985 1.00 701
Voo 0 1.00 0 0 1.5 1.2 1.000 1.00 0
Vit 1238 1.00 2 0 1.5 1.2 0.990 1.00 1250
V.o 442 1.00 2 0 1.5 1.2 0.990 1.00 446
v, 1696 |V, 701
v 2397
Weaving and Non-Weaving Speeds
Unconstrained Constrained
Weaving {i = w) Non-Weaving (i = nw) Waaving {i = w) Non-Weaving (= nw)

a {Exhibit 24-6) 0.08 0.0020
b (Exhibit 24-6) 2.20 6.00
c (Exhibit 24-6) 0.70 1.00
d (Exhibit 24-6) 0.50 .50
‘Weaving Inteaslty factor, Wi 1,26 2,01
Weaving and non-weavi
Lpoads & ity e 34.93 29.93
WNumber of lanes required for unconstrained operation, Nw 1.88
Maximum number of lanes, Nw {max) 3.50

I 1f Nw < Nw({max) uncenstrained operation I 1f Nw > Nw {max) conslrained operation
Weaving Segment Speed, Density, Level of Service, and Capacity
[Weaving segment speed, S (mifn} 3330
Weaving segment density, D {pe/mifln) 35,99
Leval of service, LOS D
Capacity of base condition, ¢, (pcfh)
Capacity as a 15-minute flow rate, ¢ (veh/n)
Capacity as a full-hour volume, ¢, {veh/h)
Notes
:j. We.;aving segments longer than 2500 ft. are treated as Isclated merge and diverge areas using the procedures of Chapler 26, "Ramps and Ramp

i "
bfj?:a;?:c{sty constralned by basic freeway capacity.
. Capacily occurs under constrained operating conditions.
. '(?ree—lane Type A segments do not operate well at volume ratios greater than 0.45, Poor operations and some local gueuing are expected in
cases.
E?Fﬁug-lane Type A segments do not operate well at volume ratios greater than 0,35. Poor operations and some local queuing are expected in
f.u(c}:apc:;gséonslrained by maximum aliowable weaving fiow rate: 2,800 pe/h (Type A), 4,000 (Type B}, 3,600 (Type C}.
lg. Five-lane Type A segments do not operate well at volume ratios greater than 0.20, Poor operations and some local queuing are expected in such
gé'sr?rs;;e B weaving segments do not operate well at volume ratlos greater than 0,80, Poor operations and some local queting are expected in such
?a;;:e C weaving segments do not operate well at volume ratios greater than 0.50. Poor operations and some local queuing are expected in such
cases. ‘
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FREEWAY WEAVING WORKSHEET Page 1 of 1

FREEWAY WEAVING WORKSHEET
General Information Site information
Analyst Caroline Kone Freeway/Dir of Travel [-440 WB 3-Lane C/D Rd
Agency/Company WSP SELLS \Weaving Seg Location Glen. WB on o Glen. EB off
Date Performed 6/21/2010 L iurisdiction Raleigh/NCDOT/FHWA
Analysis Time Period AM Glenwood Overpass Analysis Year 2035
linputs
Free\'\:'ay free-flow speed, S, (mi/h) 55 Woaving type A
\Weaving number of fanes, N 3 Volume ratio, VR 0.71
Waaving seg fength, L (ff) 870 Weaving ratio, R 0.96
Terrain Level
Conversions to pc/h Under Base Conditions
(peih) v PHE Truck % RV % Eq Eg | fa v
v 691 1.00 3 0 15 1.2 0.985 1.00 701
Voo 0 1.00 2 0 1.5 1.2 0.990 1.00 0
V1 1238 1.00 2 0 1.5 1.2 0.990 1.00 1250
Vi 442 1.00 2 0 1.5 1.2 0.990 1.00 446
V,, 1696 [V, 701
V 2397
Weaving and Non-Weaving Speeds
Unconstralned Constrained
Weaving {i = w) Non-Weaving (i = nw) Weaving (i =w) Non-Weaving { = nw)
a (Exhibit 24-6) 0.35 0.0020
b (Exhibit 24-6) 2.20 4.00
¢ {(Exhibit 24-6) 0.97 1.30
d (Exhibit 24-8) 0.80 0.75
Weaving Intensity factor, Wi 3.30 0.83
Weaving and non-weavi
Loeeds sy o 2545 42,61
Number of lanes required for unconstrained operation, Nw 1.90
Maximum number of tanes, Nw (max} 1.40
I 1f Nw < Nw({max) unconstrainad operation IV if Nw > Nw (max) constrained operation
Weaving Segment Speed, Density, Level of Service, and Capacity
Weaving segment speed, S (mifh) 28.85
Weaving segment density, D {pc/mifin} 27.69
Level of service, LOS C
Capacity of base condition, ¢, (peh) 4102
Capacity as a 15-minute flow rate, ¢ (veh/h) 4041
Capacity as a full-hour volume, ¢,, {veh/h} 4041
INotes '
Iji. Weaving segments longer than 2500 it. are trealed as [solated mergs and divarge areas using the procedures of Chapter 26, "Ramps and Ramp
ctions”.
b.uga;:?an;ty constrained by basic freeway capacity.
. Capaclty occurs under constrained operating conditions.
d. Thres-lane Type A segments do not operate well at velume ratios greater than 0.45. Poor aperalions and some local queuing are expected In
ch 3
?Fot??—?::e Type A segments do not operate well at volume ratios greater than 0.35. Poor operations and some local queuing are expected in
ch X
f.uCa::;teysoons{rained by maximum aliowable weaving flow rate: 2,800 pe/h (Type A), 4,000 (Type B}, 3,600 (Type C).
la. Five-lane Type A segments do nof operate well at volume ratios greater than 0.20. Poor opsrations and some local queuing are expected In such
ﬁ?‘si‘zs;;e B weaving segments do not oparate well at volume ratios greater than 0.80. Poor operations and some local queuing are expected in such
?a'?ye;e C weaving segments do not operate well at volume ratios greater than 0.50. Poor operations and seme local queuing are expected in such
jcases.
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel |-440 EB
)Agency or GCompany WSP SELLS Junction off-ramp to Ridge Rd
Date Performad 71512010 Jurisdiction RaleighNCDOT/FHWA
Analysls Time Period PM Glanwood WB Overpass Analysis Year 2035
Project Description  Crabiree Valley
Inputs
Upstream Ad) Ramp Terrain: Lovel Downstream Adj
. Ramp
Myes [7on FyYes On
PNo  TToff FNo  [Toff
Cop = ft L soun = 900 ft
S = 65.0 mph Spp = 45.0 mph
Vy=  vehh " Sketoh (showlanss, Ly, Lo Vi V) Vo= 989 vehh
Conversion to pc/h Under Base Conditions
(pof) (Ve‘fllfmr) PHF Terrain %Truck %Ry fy s v = VIPHF x fiyy x f,
Freeway 8463 1.00 Level 3 0 0.985 1.00 8580
Ramp 2742 1.00 Levef 2 0 0.990 1.00 2769
UpStream
DownStream 989 1.00 Lavel 2 0 0.990 1.00 999
Merge Areas Diverge Areas
Estimation of v, |Estimation of v,
Vi = Vi (Pey) Vig= VR * Ve~ VRIPrp
Leq = (Equation 25-2 or 25-3) [cq (Equation 25-8 or 25-8)
Py = using Equation ({Exhibit 25-5) Prp = 0.450 using Equation (Exhibit 25-12)
Vi2= pcin Via = 5388 pc/h
V, 01V, 00 pofh {Equation 25-4 or 25-5) V3 07V 3202 pc/h (Equation 25-15 or 25-16)
Is V30 Va4 > 2,700 ph? [ Yes 1= No Is Vg 0r Vyay > 2700 pefh? 7 Yes [ No
Is Vyor Vi > 15" Vipl2 7 Yes 7 No 15 V3 0rVn > 15*Vipf2 7 Yes [ No
If Yes,Vyy, = pc/h (Equation 25-8) if Yos,V,y, = 5890 pc/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOSF? Actual Capacity LOS F?
Ve 8500  |Exhibit 2614 7050 Yes
Veo Exhibit 25-7 Ve =VE-Vr| 5821 Exhibit 26-14| 7050 No
Vi 2769 Exhibit25-3 | 4100 No
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Aclual Max Deslrable Violation?
Vr12 Exhibit 25-7 Via 5388 Exhibit 25-14 | 44C0:All Yes
Level of Service Determination {if not F) Level of Service Defermination (If not F)
Dg = 5.475 + 0.00734 v  + 0.0078 V, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
D= {pe/mifin) Da=  38.7 (pc/mifin)
L.OS = {Exhibit 25-4) LOS = F (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  (Exibit 25-19) D,=  0.547 (Exhibit 25-19)
Se=  mph (Exibit 25-19) Sg= 524 mph (Exhibit 25-19)
S;=  mph (Extibit 26-19) S5 647 mph (Exhibit 25-19)
S = mph (Exhibit 25-14) S = 55.7 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel |-440 EB
Agency or Company WSP SELLS Junclion or-ramp from CVA extension
Date Performed 71152010 Jusisdiction Raleigh/NCDOTIFHWA
Analysis Time Period PM Glenwood Overpass Analysls Year 2035
Project Description  Crabiree Valley
Inputs
Upstream Adj Ramp Terain: Level Downstream Adj
r - Ramp
< Yes -On M Yes [ On
MNo [ off FNo [ off
L = ft L= 1600 ft
Sgp= 65.0 mph Sep= 45.0mph
Vo= veb/h Sketoh { show lanes, Ly, Ly, Ve, V) Vo= 2182 veh/h
Conversion to pc/h Under Base Conditions
(peth) (Ve‘t‘l{fh ) PHF Terraln %Truck %Rv fiv fo  V=VIPHF xfyxf
Freeway 5721 1.00 Level 3 0 0.985 1.00 5807
Ramp 989 1.00 Levet 2 0 0.890 1.00 949
UpStream
DownSiraam 2192 1.00 Level 2 0 0.990 1.00 2214
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
V12=VF('?FM) V= Vg + (Vg - VR)Pgp
Leq = {Equation 25-2 or 25-3) Leg = (Equation 25-8 or 25-9)
Pf-M = 0.619 using Equation {Exhibit 25.5) PFD = using Equation (Exhibit 25-12)
e 2210 p:f: Equation 25-4 or 25 " pofh
Vi 07 Vg 310 pe/h (Equation 25-4 or 25- V, 07V, perh (Equation 25-15 or 25-16)
s VS or Vav34 >2,700 pth? I Yes ¥ No ls VS or Va..,34 >2,700 me? f_ Yes I No
lsV30r V50> 15*V2 [ Yes I No Is VaorVygy > 157 Vyyl2 [7 Yes " No
If Yes,V,y, = pc/h (Equation 25-8) [fYes,Vyy, = pcfh (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacily LOS F? Actual Capacity LOS F?
Ve Exhiblt 25-14
Vo 6806 Exhibit 25-7 No Vio = V- Vi Exhibit 25-14
Vg Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge influence Area
Actual Max Degirable Violation? Aclial Max Deslrable Violation?
Viiz 4596 Exhibit 25-7| 4600:All No Vg Exhibit 25-14 I
Level of Service Defermination (if not F) Level of Service Determination (if not F)
Dy = 5475 +0.00734 v  +0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dy = 31.5 {pcfmifin} D= (pc/mifin}
LOS = D (Exhibit 25-4) LOS =  (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  0.572 (Exibit 25-19) Dy= (Exhibit 25-19)
Sa=  51.8 mph (Extibit 25-19) Sg=  mph (Exhibit 25-18)
Se=  58.8 mph (Exhibit 25-19) 5= mph (Exhibit 26-19)
S = 53.9 mph (Exhibit 25-14) S = mph (Exhibi{ 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General information Site Information
Analyst APATEL Freeway/Dir of Travel |-440 EB
IAgency or Company WSP SELLS Junction on-ramp from Glenwood WB
Date Performed 711512010 Jurisdiction Raleigh/NCDOT/FHWA
Analysis Time Period PM Glenwood Overpass Analysis Year 2036
Project Dascription  Crablree Valley
Inputs
| Ipstream Adj Ramp Terrain: Level Downstream Adj
Ramp
Wyes 7 On FYes [7On
FNo  THOH MNo  [7Off
Ly = 1200 ft — toom =t
S = 65.0 mph = 45.0mph
V, = 2192 veh/h " Sketch ( show lanss, L, LD,V::/f) Vo = veh/h
Conversion to pc/h Under Base Conditions
(pcth) {Ve‘t{.fhr) PHF Tarrain %Track %Ry fry fp v = VIPHF x fp, x f,
Freeway 8902 1.00 Level 3 0 0.985 1.00 9036
Ramp 1090 1.00 Level 2 0 0.980 .00 1101
UpStream 2192 1.00 Level 2 0 0,990 1.00 2214
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Viz= Ve (Pry) Vi = Vg + (Vi - VPep
Leg (Equation 25-2 or 25-3) L (Equation 25-8 or 25-9)
Pry = 0.080 using Equation (Exhiblt 25-5) Pro using Equation (Exhibit 25-12)
Vy,= 724 pcih V= po/h
Vi 0 Vy 0 21)56 pe/h (Equation 25-4 or 25- Vo1V, polh (Equation 25-15 or 26-16)
I V3 01 V0 > 2,700 pehi? 7 Yes |7 No 1§ Vg 07 V00> 2,700 poh? [7 Yes ™ No
I5 Va 0r V06> 15* V2 7 Yes I~ No IsVa0r Vo> 18" Vpl2 7 Yes [ No
[if Yes, v, = 3614 po/h (Equation 25-8) If Yes,Vyp, = poth (Equation 25-18)
Capacity Checks Capacity Checks
Aclual Capacity LOS F? Aclual Capacity LOS F?
Ve Exhibit 25-14
Vo 10137 Exhibit 257 Yes Vpg = Ve- VR Exhibit 25-14
VR Exhipit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Aclual Max Destrable Violation?
Vriz 4715 |Extibit25.7]  4600:AN Yes Vi, Exhibit 25-14 |
Lavel of Service Determination (if not F) Level of Service Determination (if not Fj
Dy = 5475 +0.00734 v o +0.0078 V,, - 0.00627 L, Dg = 4.252 + 0.0086 V,, - 0.009 L,
Dg = 32.3 (pe/mifin Dp=  {pc/mifin)
LOS = F (Exhibit 25-4) L0S=  (Exhibit 25-4)
Speed Determination Speed Determination
Mg = 0.621 (Exibit 25-19} D, = (Exhibit 25-19)
Sg= 50.7 mph (Extiblt 25-19) Sp= mph (Exhibit 25-19)
3= 56.0 mph {Exhibif 25-19) So= mph {Exhibit 25-19)
S = 53.4 mph {Exhibit 25-14) S = mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RAMPS AND RAMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL FreewayiDir of Travel [-440 WB
Agency or Company WSP SELLS Junction off-ramp io Glenwood/CVA
Dale Performed 711512010 Jurisdiction RaleighNCDOT/FHWA
Analysis Time Period PM Glenwood Overpass Analysls Year 2035
Project Description  Crabires Vallay
Inputs
Upstream Adj Ramp Terrain: Leve! Downstream Adj
Ramp
MYes [“On Fves | oOn
MNo o FNo  I7Off
Lup = ft der.m = ft
S..= 65.0mph Sep= 45.0mph
V= veh/h T et (show anes, L, LD.V:.?/,) Vo= vehh
Conversion to pe/h Under Base Conditions
(oo oy | P Tertain %k | %Ry v B, = VPHEx gy xf,
Freeway 11115 1,00 Level 3 ] 0.885 1.00 11282
Ramp 0 1.00 Lavel 2 0 0.890 1.00 0
UpSiream
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig= Vi (Pey ) Viz = Ve + (Ve - VRiPrp
g ™ {Equation 25-2 or 25-3) g = {Equation 25-8 or 25-9)
Pry = using Equation (Exhibit 25.5} Prn = 0.260 using Equation (Exhibit 25-12)
12= paih V,p = 2347 pelh
Vg or Va4 pc/h (Equation 25-4 or 25-5) 30rVon 3339 pcfh (Equation 25-15 or 25-16}
Is Vyor V4> 2,700 poh? [ Yes [ No I8V, 0r V50 > 2,700 poi? 7 Yes T7 No
I8 V30rV, 5> 15" V)2 7 Yes 7 No I§ VaorV, 0> 1.5* V(o2 ¥ Yes I No
If Yos,Vyp, = pc/h (Equation 25-8) ifYes,Vy,, = 3610 pc/h (Equation 25-18)
Capacity Checks Capacity Chechks
Actual Capagity LCS F? Aclual Capacity LOSF?
Ve 9026 Exhibit 25-14] 9400 o
Vg Exhibit 25-7 Veo = Ve-Vr| 9026 Exhibit26-14] 2400 No
Vg 0 Exhibit 25-3 | 4100 Mo
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Violation? Acfual Max Desirable Violation?
Vria Exhibit 25-7 Vo 2347 Exhibit 25-14 | 44C0:All No
Level of Service Determination (if not F) Level of Service Determination (if not F)

Dg = 5.475 + 0.00734 v o + 0.0078 V,, - 0.00627 L, D = 4:252+0:00868 V15 -0:005 1y, 0:0109 Ve
De=  (pomin) Da= 48 (pomidn) 24.59 N
0S=  (Exhibit 25-4) LOS= 4 (Exhibit 25-4) <.

Speed Determination Speed Determination
[Me=  (Exibit 25-19) D,=  0.298 (Exhibit 25-19)
Se=  mph (Exhibit 26-19) Sg=  58.1 mph (Exhibit 25-19)
S;=  mph (Exhibit 25-19) 5= 64.6 mph (Exhibit 25-19)
S = mph (Exhibit 25-14) S = 61.2 mph (Exhibit 25-15)
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of 1

RANMPS AND RANMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Travel [-440 WB
Agency or Company WSP SELLS Junction on-ramp from CVA extenston
Date Performed 7152010 Jurisdiction RalaighNCDOT/FHWA
Analysis Time Period PM Glenwood Overpass Analysts Year 2035
Project Descriplion  Crabires Vallsy
Inputs
lipstream Adj Ramp Terrain: Level Downstream Adj
) Ramp
'ves [~ On MYes T70On
MNo [T Off [V No TTOff
Lo = 300 ft — — Looun = ft
= 650 mp = 450 mph
Vy= 1651 vehth T sketon ( show lanes, L, LD,v:?/f) Vo= vehh
Conversion to pc/h Under Base Conditions
{poh) (Ve}:mr) PHF Terrain %Truck %Ry fuy fo v = V/IPHF x fi,, X f
Freeway 7668 1.00 Level 3 0 .985 1.00 7783
Ramp 915 1.00 Level 2 0 0,990 1.00 924
UpStream 1659 1.00 Level 2 0O 0.890 1.00 1668
DownStream
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vig® Ve (Ppy) Vi = Vg + (Ve - VRIPrp
heo = (Equation 25-2 or 26-3) Leo ™ (Equation 25-8 or 25-9)
Py = 0.102 using Equation {Exhibit 25-5) Pro = using Equation (Exhibit 25-12)
V12 = 796 po/h . 127 pc/h
My 0r ¥,y 00 g‘;gs pc/h (Equation 25-4 or 25- V30V, pof {Equation 25-15 or 25-16)
1§ V4 0 V,y 04 > 2700 pe? 7 Yes I No I8V 0r Va5 > 2700 poh? T Yes T No
I8 Vo Or Vyqs > 15 * V12 7 Yes ™ No Is V30r Vo> 1.5 Vg2 T7 Yes ™ No
If Yos,V,y, = 3113 po/h (Equation 25-8) ifYes,V,p, = pe/h (Equation 25-18)
Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacity LOS F?
Ve Exhibit 25-14
Veo 8707 | Exhibit 25-7 No Vo = Vi - Vg Exhibit 25-14
Vg Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge Influence Area
Actual Max Desirable Vfiolation? Actuzal Max Destrable Violation?
Vriz 4037 Exhibi125-7] 4600:All No Vi, Exhibit 25-14 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dg = 5475 + 0.00734 v  +0.0078 V,, - 0.00827 L, D = 4.252 +0.0088 V,, - 0.009 L,
Dy = 3.2 {pc/mifin) Dp=  (po/mifin)
LOS = D (Exhibit 25-4) L0S = (Exhibit 25-4)
Speed Determination Speed Determination
Mg=  0.465 {Exibit 25-19) Dg=  {Exhibit25-19)
Sg=  54.3 mph (Exhiblt 25-19) Se=  mph (Exhibit 25-19)
Se=  58.3 mph (Exhibit 25-19) 5= mph (Exhiblt 25-19)
S = 56.4 mph (Exhibit 25-14} S = mph (Exhibif 25-15}
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RAMPS AND RAMP JUNCTIONS WORKSHEET

Page 1 of |

RAMPS AND RANMP JUNCTIONS WORKSHEET
General Information Site Information
Analyst APATEL Freeway/Dir of Trave! |-440 WB
Agency or Company WSP SELLS Junclion on-ramp from Glen. EB
Date Performed TH5i2010 Jurisdiclion RaleighMNCDOT/FHWA
Analysis Time Period PM Glenwood Overpass Analysis Year 2035
Project Dascription  Crabtree Vallsy
Inputs
Upstream Adj Ramp Terrain: Level Downstream Adj
: Ramp
[TYes  F7on MYes [On
MNo  T-Off FNo [ToOR
Lop = ft b = 300 ft
Spp= 650 mph Spr= 45.0 mph
V= vehih Sketoh ( show lanes, L, Ly, Ve,V Vo= 916 vehin
Conversion to pc/h Under Base Conditions
(pofin) (Ve\f{mr) PHF Terrain %Truck %Ry fov fo = VIPHE X figy x fy
Freeway 8017 1.00 Leval 3 0 0.985 1.60 6107
Ramp 1651 1.00 Level 2 0 0.990 1.00 1658
UpStream
DownStream 915 1.00 Leval 2 0 0.890 1.00 924
Merge Areas Diverge Areas
Estimation of v, Estimation of v,
Vi Vi (Pry) Vi2= VR + (Vg - Vg)Pgp
Leo = (Equation 25-2 or 25-3) Leo = (Equation 25-8 or 25-9)
Pry = 0.00¢ using Equation (Exhibit 25.5) Pro = using Equation (Exhibit 25-12)
Vo= 57 pc/h ' V= pe/h
Va1V, a4 2325 pe/h (Equation 25-4 or 25- [V 07V, 0y pefn (Equation 25-15 or 25-16)
Is V3 07 V. > 2,700 po? 7 Yes ™ No IsVa0rV, 50> 2700 pch? 7 Yes 1 No
8Va0rVuq > 15* V2 ¥ Yes I No I8V 0rVog > 15 V2 7 Yes 7 No
I Yes.V., = 2442 po/h (Equation 25-8) If Yes,V,p, = pe/h (Equation 25-18)
[Capacity Checks Capacity Checks
Actual Capacity LOS F? Actual Capacily LOS F?
Ve Exhibit 25-14
Veo 7775 | Exhibit 25-7 No Vio = VE-Vg Exhibit 25-14
Vg Exhibit 25-3
Flow Entering Merge Influence Area Flow Entering Diverge influence Area
Aclugl Max Desirable Violation? Actual Max Desirable Violation?
Vare 4110 [Exnioi257]  4s00Al No Vi Exhioit 25-14 |
Level of Service Determination (if not F) Level of Service Determination (if not F)
Dr=5.475+0.00734 v, +0.0078 V,, - 0.00627 L, Dg =4.252 + 0.0086 V,, - 0.009 L,
Dp = 28.0 {pe/mifin} Dp=  {pc/mifln)
LOS=  C (Exhibit 25-4) LOS= (Exhibit 25-4)
Speed Determination Speed Determination
Mg= 0433 (Exibit 25-19) D;=  (Exhibit 25-19)
S.=  56.0 mph (Exhibit 25-19) 5= mph (Exhibit 25-19)
Se= 0.2 mph (Exhibit 25-18) 5= mph {Exhibit 25-19)
S = §7.4 mph (Exhibit 25-14) 5= mph (Exhibit 25-15)
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FREEWAY WEAVING WORKSHEET Page 1 of 1

FREEWAY WEAVING WORKSHEET
General Information Site Information
Analyst Freeway/Dir of Travel [-440 WB
Agency/Company WSP SELLS . Weaving Seg Location Glen WB onto Glen EB off
Date Perlormed 71572010 Wurisdiction Raleigh/NCDOT/FHWA
[Analysis Time Period PM Glenwood Cverpass Analysis Year 2035
Inputs
Free\!."ay free-flow speed, S, {mith) 55 Weaving type B
Weaving nurnber of lanes, N 2 Volume ratio, VR 0.67
\Weaving seg length, L {ft) 870 Weaving ratio, R 0.42
Terrain Level |
Conversions to pe/h Under Base Conditions
(pcih) v PHF Truck % RV % E; Egr fa fp 1}
Vo 887 1.00 3 ] 1.5 1.2 0.985 1.00 800
Voo 0 1.00 0 0 15 12 1.000 1.00 0
V.1 1056 1.00 2 0 1.5 1.2 0.890 1.00 1066
Vo 773 1,00 2 0 1.5 1.2 0.990 1.00 780
v, 1846 |V, 900
Y 2746
Weaving and Non-Weaving Speeds
Unconstrained Constrained
Weaving (i = w) Non-Weaving {i = nw) Weaving (i = w) Non-Weaving { = nw}
ia {Exhibit 24-6) 0.08 0.0020
b {Exhibit 24-6) 2.20 6.00
¢ (Exhibit 24-6) 0.70 1.00
d (Exhibit 24-6) (.50 0.50
‘Weaving Infensity factor, Wi 1.32 2.04
Neaving and non-weavl
sam 34.39 29.82
F\ipﬁber of lanes required for unconstrained operation, Nw 1,82
Maximum number of lanes, Nw (max) 3.50
¥ |f Nw < Nw(max) unconstrained operation I if Nw > Nw {max) constrained operation
Weaving Segment Speed, Density, Level of Service, and Capacity
[Weaving segment speed, S {mi/) 32.74
IWeawing segment density, D (pe/milin) 41,93
Level of service, LOS F
Gapacity of base condition, ¢, (pc/)
Capacity as a 15-minute flow rate, ¢ {veh/h}
Capacity as a full-hour volume, ¢, {veh/h)
Notes
2. Weaving segments longer than 2500 {1 are ireated as isolated merge and diverge areas using the procedures of Chapter 25, "Ramps and Ramp
Junctions”,
b, Ca;ancsily constrained by basic freeway capacity.
jo. Capacity cccurs under constrained operating conditions.
d. Three-lane Type A segments do not operate well at volume ratios greater than 0.45. Poor operalions and some local queuing are expected in
h )
?goﬁf:nse Type A segments do not operate well at volume ratlos greater than 0.35. Poor operatlons and some local queuing are expected in
ch ,
.uCapc:ciS'etysoonstrained by maximum allowable weaving flow rate: 2,800 pc/h (Type A), 4,000 (Type B}, 3,500 {Type C).
. Five-lane Type A segments do not operate well at volume ratios greater than 0.20. Pocr operations and some local queuing are expected In such
ses.
h. Type B weaving segments do not operate well at volume ratios greater than 0.80. Poor operations and some locat queuing are expected In such
568,
. Type C weaving segments do not operate wall at volume ratics greater than 0.50. Poor operations and some local queuing are expected in such
565.
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FREEWAY WEAVING WORKSHEET Page 1 of 1

FREEWAY WEAVING WORKSHEET

General Information Site Information
Analyst Freeway/Dir of Travel [-440 WB 3-Lane C/D Rd
Agency/Company WSP SELLS Weaving Seg Location Glen. WB on to Glen. EB off
Date Performed 6/21/2010 urisdiction Raleigh/NCDOT/FHWA
IAnalysis Time Period PM Glenwoed Overpass Analysis Year 2035

inputs

Freevt'ay free-flow speed, S, (mih) 55 Weaving type A
Weaving number of lanes, N 3 Volume ratio, VR 067
Wea\:ing seg langth, L {ft) 870 Weaving ratio, R 042

Terrain Level

Conversions to pe/h Under Base Conditions

(pe/n} v PHF Truck % RV % E; Er fioy fo '
Vs 887 1.00 3 0 1.6 1.2 0.985 1.00 900
V. 0 1.00 2 0 15 1.2 0.990 1.00 0
Vot 1056 1.00 2 0 1.5 1.2 0.990 1.00 1066
Vo 773 1.00 2 0 1.5 1.2 0.980 1,00 780
v, 1846 |V, 900
vV 2746
\Weaving and Non-Weaving Speeds

Unconstrained Conslrained
Weaving {i = w) Non-Weaving (i = nw) Weaving (i = w) Non-Weaving (= nw)

|a {Exhibit 24-6) 0.35 0.0020

b (Exhibit 24-6) 2.20 4.00
c (Exhibit 24-6) 0.97 1.30
d (Exhibit 24-6) 0.80 0.76

Weaving Intensity factor, Wi 3.60 0.69

Waaving and non-weavl

ponds, 9 (i) 24.78 41.61
Number of lanes required for unconstrained operation, Nw 1.87

Maximum number of lanes, Nw (max) 1.40

I If Nw < Nw(max) unconstrained operation IV if Nw > Nw {max) constrained operation

Weaving Segment Speed, Density, Level of Service, and Capacity
Woaving segment spesd, S {mith} 28.57
Weaving segment density, D (pc/mifln} 32.04

Leve! of service, LOS D

Capacity of base condition, ¢, (pc/) 4102
Capacity as a 15-minute flow rale, ¢ {veh/h) 4041
Capacity as a full-hour volume, ¢, {veh') 4041
[Notes
li. Weaving segments longer than 2500 ft. are treated as isolated merge and diverge areas using the procedures of Chapter 25, "-Ramps ang Ramp

ctions".

bf%a;;cisty constrained by basic freeway capacity.
lc. Capaclty oceurs under constrained operating conditions.
. I;nee—lane Type A segments do not operate well at volume ratios greater than 0.45. Poor operations and some local queulng are expected in

cases.
E?Four—!ane Type A segments do not operate well at volume ratios greater than 0.35. Poor operations and some local queuing are expected in
ch .

f.UCap?dsewSmnstmined by maximum alfowable weaving flow rate: 2,800 pe/h (Type A), 4,000 (Type B}, 3,500 (Type C).
la. Five-lana Typs A segments do not operate well at volume ratios greater than 0,20. Poor operations and seme local queuing are expected In such
g.a:sr?{%e B weaving segments do not operate well at volume ratios greater than 0.80, Poor operations and some local queuing are expected in such

es.
i(.:a'l:sype C weaving segments do not operate well at volums ratios greater than 0.50. Poor operations and some local queuing are expected in such
cases.
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