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(Acceleration)  
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II) Sample Speed Profile 

(Deceleration)  
 

 



SPEED PROFILE 
EXAMPLE 

DECELERATION FOR RAMP 
 

 
Proposed Curve RA Design Speed is 40 MPH (444’ Radius) 
Proposed Curve RA P.C. STA = 106+83.95 
 
 
70 MPH - 40 MPH: 440' Per AASHTO Deceleration Table 10-5 
106+83.95 - 440' = 102+43.95 
 
60 MPH - 40 MPH: 350' Per AASHTO Deceleration Table 10-5 
106+83.95 - 350' = 103+33.95 
 
50 MPH - 40 MPH: 225' Per AASHTO Deceleration Table 10-5 
106+83.95 - 225' = 104+58.95 
 
 
 
 

70 MPH = STATION 102+43.95 
60 MPH = STATION 103+33.95 
50 MPH = STATION 104+58.95 
40 MPH = STATION 106+83.95 

Ramp A - 1





Ramp A - 3
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III) Level 2 Example 1 

Problem (Cantilever Sign 
Foundation) 
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IV) Level 2 Example 1 

Solution (Cantilever Sign 
Foundation) 

  
 

 



TOLLWAY PROJECT X-XX-XXXX     
Roadway Reconstruction     
Tollway M.P. 200 to M.P. 205 
Barrier Warrant Analysis 

 

 
DATA SHEET Area of Concern:  AOC NB-9 
 
DESCRIPTION OF OBSTACLE Cantilever Sign Foundation @ Sta. 3946+07.5, 22.4’ from EOTW to Centerline of Foundation 
Sign Foundation is 6’-0” x 18’-0” grade beam 
 
DESIGN CONCEPTS Design Speed = 70 MPH (Tollway Design Speed)  
ADT = 34,220 (2014) 
L2 = 13.0’ 
Clear Zone = 46 Feet based on 1:4 foreslope (from Table 3-1 AASHTO Roadside Design Guide 2011) 
Runout Length = 360 feet (from Table 5-10b AASHTO Roadside Design Guide 2011) 
A Level 3 analysis is not necessary since there are no other feasible alternatives. 
 
POTENTIAL ALTERNATIVES There are no feasible alternatives that locate the obstacle outside the clear zone; therefore, a level 3 
analysis is not necessary. 
 
 



Area of Concern NB-9 – Cantilever Sign Foundation 
 

LA = 22.4’ + 3.0’ = 25.4’ 
 
L2 = 1’ + 11’ + 1’ = 13.0’ 
 
LR = 360.0’ 
 
Y = L2 + 0.69’ = 13.0’ + 0.69’      Y = 13.69’ 
 
Area of Concern (AOC) 
SFSouthface_Foundation_Station  = SF      SF = (3945+98.50) 
LAOC = Length of AOC = 18.0’ 
 
Length of Need – Formula 
X = (LA – Y) / (LA / LR) 
X = (25.4 – 13.69) / (25.4 / 360.0)     X = 165.97’ 
 
Point of Need = PON = SF – X 
PON  = (3945+98.50) – 165.97’      PON = (3944+32.53) 
 
(Distance from back of guardrail posts to foundation is 4.64’.  Therefore, LON includes 10’ overlap (OL).  
See Condition 1, TBG Figure 5.12) 
 
Length of Need = LON = X + LAOC + OL = 165.97’ + 18.0’ + 10.0’  LON = 193.97’ 
 
Terminals 
Terminal = Type T2 = T2 = 12.5’ (does not count toward length of need) 
Terminal = Type T1 (Special) = T1 = 46.88’ (34.38’ counts toward length of need) 
 
Barrier Limits Determination 
Length of Guardrail = LGuardrail = LON – T1 (LON contribution) 
LGuardrail = 193.97’ – 34.38’      LGuardrail = 159.59’ 
 
LGuardrail, R = LGuardrail (Round up to the nearest 12.5’ increment)  LGuardrail, R = 162.5’ 
 
T2End_Station = SF + LAOC + OL + T2 
T2End_Station = (3945+98.50) + 18’ + 10 + 12.5’   T2End_Station = (3946+39.00) 
 
GREnd_Station = T2Begin_Station = T2End_Station – 12.5’ 
GREnd_Station = (3946+39.00) – 12.5’    GREnd_Station = (3946+26.50) 
          
GRBegin_Station = GREnd_Station – LGuardrail,R 
GRBegin_Station = (3946+26.50) – 162.5’    GRBegin_Station = (3944+64.00) 
 
T1Begin_Station = GRBegin_Station – T1 
T1Begin_Station = (3944+64.00) – 46.88’    T1Begin_Station = (3944+17.12) 
 
 
Barrier Limits Check: 
12.5’ <  PON – T1Begin_Station  < 25’ 
12.5’ < (3944+32.53) – (3944+17.12) < 25’ 
12.5 < 15.41’ < 25’  OK 

NB-9-2



U.S. Customary Units 

Design 
Speed 

(mph) 

Design 

ADT 

Foreslopes Backslopes 

1V:6H 

or 
flatter 

1V:5H to 
1V:4H 1V:3H 1V:3H 1V:5H to 

1V:4H 

1V:6H 

or 
flatter 

≤40 

UNDER 
750c 

750–1500 

1500–6000 

OVER 6000 

7–10 

10–12 

12–14 

14–16 

7–10 

12–14 

14–16 

16–18 

b 

b 

b 
b 

7–10 

12–14 
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16–18 

7–10 

12–14 

14–16 

16–18 

7–10 

12–14 
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16–18 

45–50 

UNDER 
750c 
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12–14 

16–20 

20–26 
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b 

b 
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12–14 
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14–16 
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55 
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b 

b 
b  
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b 
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Table 5-10b. Suggested Runout Lengths for Barrier Design (U.S. Customary Units) 

Design Speed (mph) 

Runout Length (LR) Given Traffic Volume (ADT) (ft) 

Over 10,000 5,000 to 10,000 1,000 to 5,000 Under 1,000 

80 470 430 380 330 

70 360 330 290 250 

60 300 250 210 200 

50 230 190 160 150 

40 160 130 110 100 

30 110 90 80 70 

 
 

Note that these have lower values as compared to the previous edition of this guide. These runout 
lengths have been extensively reviewed in numerous studies and the results could vary depending on 
the assumptions made and the methodology used. Prior to the development of the runout lengths 
shown in Table 5-10, some highway agencies considered the values in the previous publication to be 
excessive. Many of those agencies developed different methods to determine the length-of-need based 
on their available data. One alternate method is to determine a specific encroachment angle through 
cost-effectiveness analysis and install a length of barrier that will intercept a vehicle’s runout path. 

 

NB-9-4
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V) Sample Summary Analysis 

  
 

 



Summary Analysis - AOC's NB-9 & NB-11
Name PON U/S Sta. D/S. Sta. Overlap Gap
AOC NB-9 3944+32.53 3944+17.12 3946+39.00
AOC NB-11 3943+48.29 3943+32.88 3945+54.76 137.64
Note: Analyses overlap; therefore, use single run of guardrail.
AOC NB-11 controls upstream end.
AOC NB-9 controls downstream end.
Final LON = [D/S End of Guardrail (AOC NB-9)] - [U/S PON (AOC NB-11)]

= 3946+26.5 - 3943+48.29
= 278.21'

Terminals (Lengths in Feet):
Length 

Contributing 
to LON

Length Not 
Contributing 

to LON
Total 

Length
U/S Terminal: Type T1 34.38 12.50 46.88
D/S Terminal: Type T2 0.00 12.50 12.50
Final length of guardrail = LON - Length Contributing to LON

= 278.21 - 34.38' = 243.83'
= 250.00' (rounded)

Guardrail (Begin Station) = Downstream Station - Length of Guardrail
= 3946.26.50 - 250.00
= 3943+76.50

Final Station:
Downstream Terminal (End Station): 3946+39.00
Guardrail (End Station): 3946+26.50
Guardrail (Begin Station): 3943+76.50
Upstream Terminal (Begin Station): 3943+29.62

NB11-11
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VII) Level 2 Example 2 

Solution (Embankment 
Cone) 
 

  
 

 



TOLLWAY PROJECT X-XX-XXXX     
Roadway Rehabilitation     
Tollway M.P. 200 to M.P. 205 
Barrier Warrant Analysis 
 
DATA SHEET Area of Concern:  AOC EB-17 
 
DESCRIPTION OF OBSTACLE Embankment Cone - Sta. 132+18.58 to Sta. 132+53.45 – AOC EB-17A 
Blunt End of Crash Wall at Bridge Pier @ Sta. 132+35.72, 11’ from EOTW to Pier – AOC EB-17B 
 
AOC’s can be combined per TBG Art. 4.0(5).  AOC EB-17A controls. 
 
DESIGN CONCEPTS Existing guardrail and terminals do not meet current standards 
There is a crash wall in front of the bridge piers.  
Concrete Shoulder Barrier Transition (CSBT) is required per Structural Design Manual, Article 11.6, 
(35’ length, Standard Drawing C4). 
Regrading of the bridge cone is not a feasible alternative. 
 
Design Speed = 60 MPH (Tollway Design Speed)  
ADT = 23,490 (2013) 
Clear Zone = 32’ based on 1:6 foreslope (from Table 3-1 AASHTO Roadside Design Guide 2011) 
 
Curve Radius = 2,864.79’ 
Horizontal curve adjustment required because radius is less than 2,950’ 
KCZ = 1.2 (from Table 3-2 AASHTO Roadside Design Guide 2011) 
Adjusted Clear Zone = 32’ x 1.2 = 38.4’ 
 
Runout Length = 300’ (from Table 5-10b AASHTO Roadside Design Guide 2011) 
 
  



Area of Concern EB-17 – Embankment Cone / Crash Wall for Bridge Pier  
 

LA = 38.4’ 
L2 = 11’ + 1’ = 12’ 
LR = 300.0’ 
Y = L2 + 0.69’ = 12.0’ + 0.69’      Y = 12.69’ 
 
Areas of Concern 
Crash Wall Upstream Station = CWStation     CWStation = (132+35.72) 
Embankment Cone (EC) Upstream Station = ECUS   ECUS = (132+18.58) 
Embankment Cone (EC) Downstream Station = ECDS   ECDS = (132+53.45) 
Length of EC = ECDS - ECUS = (132+53.45) - (132+18.58) =   EC = 34.87’ 
 
LAOC = Length of AOC = EC        LAOC = 34.87’ 
 
Length of Need – Graphical Solution 
Tangent Runout Path from EC = 474.85’ 
Tangent Runout Path = 474.85’ > LR = 300.0’ 
Therefore, use LR to determine upstream end of the runout path 
 
X = Calculated Graphically      X = 167.08’ 
 
Point of Need = PON = ECUS – X 
PON = (132+18.58) – 167.08’      PON = (130+51.50) 
 
Length of Need = LON = X + LAOC = 167.08’ + 34.87’ =   LON = 201.95’ 
 
Terminals 
Terminal = Type T6B = T6B = 58.15’ = (43.15’ counts toward Length of Need) 
Terminal = Type T1 (Special) = T1 = 46.88’ (34.38’ counts toward Length of Need) 
 
Barrier Limits Determination 
Concrete Shoulder Barrier Transition = CBST     CSBT = 35’ 
CSBTStation = CWStation - CSBT = (132+35.72) – 35’   CSBTStation = (132+00.72) 
 
Lengths of Crash Wall and CSBT also contribute to Length of Need (15’ of T6B included in CSBT)  
Length of Crash Wall = CW = ECDS - CWStation     
CW = (132+53.45) – (132+35.72)     CW = 17.73’ 
 
Length of Guardrail = LGuardrail = LON - CW – CSBT - T6B – T1 
LGuardrail = 201.95’ – 17.73’ - 35’- 43.15’ – 34.38’    LGuardrail = 71.69’ 
LGuardrail, R = LGuardrail (Round up to the nearest 12.5’ increment)  LGuardrail, R = 75.0’ 
 
T6BEnd_Station = CSBTStation + 15’       
T6BEnd_Station = (132+00.72) + 15’     T6BEnd_Station = (132+15.72) 
 
T6BBegin_Station = CSBTStation – 43.15’       
T6BBegin_Station = (132+00.72) – 43.15’     T6BBegin_Station = (131+57.57) 
 
GREnd_Station = T6BBegin_Station      GREnd_Station = (131+57.57) 
 
GRBegin_Station = GREnd_Station – LGuardrail,R 
GRBegin_Station = (131+57.57) – 75.0’     GRBegin_Station = (130+82.57) 
 
T1Begin_Station = GRBegin_Station – 46.88’       
T1Begin_Station = (130+82.57) – 46.88’     T1Begin_Station = (130+35.69) 

EB-17-2



 
Barrier Limits Check: 
12.5’ < PON – T1Begin_Station < 25’ 
12.5’ < (130+51.50) – (130+35.69) < 25’ 
12.5’ < 15.81’ < 25’ OK 
 
Compare Existing Guardrail Length to Proposed: 
Existing (with terminals): 308.30’ 
Proposed (with terminals): 165.03’ 
 
Proposed length of guardrail is less than the existing length due to both the shorter LR length in the 
current AASHTO Roadside Design Guide (2011), Table 5-10b, and the addition of 35’ of Concrete 
Shoulder Barrier Transition. 

EB-17-3
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Table 5-10b. Suggested Runout Lengths for Barrier Design (U.S. Customary Units) 

Design Speed (mph) 

Runout Length (LR) Given Traffic Volume (ADT) (ft) 

Over 10,000 5,000 to 10,000 1,000 to 5,000 Under 1,000 

80 470 430 380 330 

70 360 330 290 250 

60 300 250 210 200 

50 230 190 160 150 

40 160 130 110 100 

30 110 90 80 70 

 
 

Note that these have lower values as compared to the previous edition of this guide. These runout 
lengths have been extensively reviewed in numerous studies and the results could vary depending on 
the assumptions made and the methodology used. Prior to the development of the runout lengths 
shown in Table 5-10, some highway agencies considered the values in the previous publication to be 
excessive. Many of those agencies developed different methods to determine the length-of-need based 
on their available data. One alternate method is to determine a specific encroachment angle through 
cost-effectiveness analysis and install a length of barrier that will intercept a vehicle’s runout path. 
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http://rsdg.digital.transportation.org/RSDG/4/RSDG4/rsdg4_ch05/rsdg4_ch05.aspx#rsdg4_ch05_tbl5-10a


TOLLWAY PROJECT X-XX-XXXX     
Roadway Rehabilitation     
Tollway M.P. 200 to M.P. 205 
Barrier Warrant Analysis 

  

http://rsdg.digital.transportation.org/RSDG/4/RSDG4/rsdg4_ch03/rsdg4_ch03.aspx#rsdg4_ch03_tbl3-1
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Level 3 Analysis - AOC #E074

Alternative #1: Utilize 95' sign truss span length and install foundation within the clear zone.  
Shield foundation with guardrail.

Alternative #2: Utilize 105' sign truss span length and install foundation just outside the
clear zone, unshielded. 

Alternative #3: Utilize 115' sign truss span length and install foundation well outside the
clear zone, unshielded. 

All three alternatives are feasible.  Therefore, a level 3 analysis will compare cost-benefit
ratios for all three alternatives.
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TOLLWAY PROJECT NO. RR-XX-XXXX
Roadway Reconstruction
Tollway M.P. 200 to M.P. 205
Barrier Warrant Analysis

DATA SHEET
E074

DESCRIPTION OF OBSTACLE
Sign truss foundation (AOC E074) at Sta. 3162+99.65.  The foundation is 18.0' long (parallel to
traffic) by 3.5' wide.  The full 18' length of foundation is considered an obstacle.

This analysis is to determine the shielding required for Alternative #1.

DESIGN CONCEPTS
 70 MPH (Mainline design speed)

ADT = 74,759 (2014 Tollway Traffic Data Report, pg. A-14)
Clear Zone (LC) = 30’ based on 1:6 backslope (Table 3-1 AASHTO Roadside Design Guide 2011)
Tangent section; no horizontal curve adjustments necessary.
Runout length (LR) = 360 ft. (from Table 5-10b AASHTO Roadside Design Guide 2011)
Stationing increases going downstream.

Area of Concern:

Design Speed =
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Alternative #1
L3 = 25.75'
LA = L3 + 3.5' = 29.25'
L2 = 15' + 1' + 2.23' = 18.23'
LR = 360.0'
Y = L2 + 0.69’ Y = 18.92'

Area of Concern (AOC)
USFSign Truss Fndn_Upstream_Station  = USF USF = 3162+99.65
LAOC = Length of AOC = 18.0'
DSFSign Truss Fndn_Downstream_Station  = DSF DSF = 3163+17.65

Length of Need - Formula
X = (LA – Y) / (LA / LR)
= (29.25 – 18.92) / (29.25 / 360) = X = 127.14'

Point of Need = PON = USF – X
PON  = 3162+99.65 - 127.14' PON = 3161+72.51

Downstream Condition:
Offset from back of guardrail to face of foundation is = 5.76'
Therefore, Condition 1 applies (See TBG figure 5.12)
Overlap Distance = OL = 10.0'

Length of Need = LON = X + LAOC + OL 
LON = 127.14' + 18.0' + 10.0' LON = 155.14'

Proposed Guardrail Terminals
Downstream End
Terminal = Type T2 = T2 = 12.5' (0' counts toward length of need)
Upstream End
Terminal = Type T1(Special) = T1 = 46.88' (34.38' counts toward length of need)

Barrier Limits Determination
Length of Guardrail = LGuardrail = LON – T1 (LON contribution)
LGuardrail = 155.14' - 34.38' LGuardrail = 120.76'

LGuardrail, R = LGuardrail (Round up to nearest 12.5' increment) LGuardrail, R = 125.0'

Minimum length check: Okay

T2End_Station = DSF + OL + T2
T2End_Station = 3163+17.65 + 10.0' + 12.5' T2End_Station = (3163+40.15)

GREnd_Station = T2Begin_Station = T2End_Station – T2
GREnd_Station = 3163+40.15 - 12.5' GREnd_Station = (3163+27.65)

Area of Concern E074 – Sign Truss Foundation
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GRBegin_Station = GREnd_Station – LGuardrail,R

GRBegin_Station = 3163+27.65 - 125.0' GRBegin_Station = (3162+02.65)

T1Begin_Station = GRBegin_Station – T1
T1Begin_Station = 3162+02.65 - 46.88' T1Begin_Station = (3161+55.77)

Recovery Area Check:

Barrier Limits Check:
12.5’ <  PON – T1Begin_Station  < 25’
12.5 < (3161+72.51) - (3161+55.77) < 25'
12.5 < 16.74' < 25’ => OK

Existing Guardrail v. Proposed condition (including terminals)
No existing guardrail

Recommendation:

There are no objects within the recovery area.

Install guardrail and terminals to stations listed above, pending results of Level 3 analysis.



Table 3-1. Suggested Clear-Zone Distances in Feet from Edge of Through Traveled Lane (6) 

E074-5 

U.S. Customary Units 

Design 
Speed 

(mph) 

Design 

ADT 

Foreslopes Backslopes 

1V:6H 

or 
flatter 

1V:5H to 
1V:4H 1V:3H 1V:3H 1V:5H to 

1V:4H 

1V:6H 

or 
flatter 

≤40 

UNDER 
750c 

750–1500 

1500–6000 

OVER 6000 

7–10 

10–12 

12–14 

14–16 

7–10 

12–14 

14–16 

16–18 

b 

b 
b 

b 

7–10 

12–14 

14–16 

16–18 

7–10 

12–14 

14–16 

16–18 

7–10 

12–14 

14–16 

16–18 

45–50 

UNDER 
750c 

750–1500 

1500–6000 

OVER 6000 

10–12 

14–16 

16–18 

20–22 

12–14 

16–20 

20–26 

24–28 

b 

b 
b 
b 

8–10 

10–12 

12–14 

14–16 

8–10 

12–14 

14–16 

18–20 

10–12 

14–16 

16–18 

20–22 

55 

UNDER 
750c 

750–1500 

1500–6000 

OVER 6000 

12–14 

16–18 

20–22 

22–24 

14–18 

20–24 

24–30 

26–32a 

b 

b 
b  
b 

8–10 

10–12 

14–16 

16–18 

10–12 

14–16 

16–18 

20–22 

10–12 

16–18 

20–22 

22–24 

60 

UNDER 
750c 

750–1500 

1500–6000 

OVER 6000 

16–18 

20–24 

26–30 

30–32a 

20–24 

26–32a 

32–40a 

36–44a 

b 

b 
b 
b 

10–12 

12–14 

14–18 

20–22 

12–14 

16–18 

18–22 

24–26 

14–16 

20–22 

24–26 

26–28 

65–70d 

UNDER 
750c 

750–1500 

1500–6000 

OVER 6000 

18–20 

24–26 

28–32a 

30–34a 

20–26 

28–36a 

34–42a 

38–46a 

b 

b 

b 
b 

10–12 

12–16 

16–20 

22–24 

14–16 

18–20 

22–24 

26–30 

14–16 

20–22 

26–28 

28–30 

  

http://rsdg.digital.transportation.org/RSDG/4/RSDG4/rsdg4_ch03/rsdg4_ch03.aspx#rsdg4_ch03_biblio006


1AASHTO Roadside Design Guide, 4th Edition, 2011  E074-6    

Table 5-10b. Suggested Runout Lengths for Barrier Design (U.S. Customary Units)1 

Design Speed (mph) 

Runout Length (LR) Given Traffic Volume (ADT) (ft) 

Over 10,000 5,000 to 10,000 1,000 to 5,000 Under 1,000 

80 470 430 380 330 

70 360 330 290 250 

60 300 250 210 200 

50 230 190 160 150 

40 160 130 110 100 

30 110 90 80 70 

 
 

Note that these have lower values as compared to the previous edition of this guide. These runout 
lengths have been extensively reviewed in numerous studies and the results could vary depending on 
the assumptions made and the methodology used. Prior to the development of the runout lengths 
shown in Table 5-10, some highway agencies considered the values in the previous publication to be 
excessive. Many of those agencies developed different methods to determine the length-of-need based 
on their available data. One alternate method is to determine a specific encroachment angle through 
cost-effectiveness analysis and install a length of barrier that will intercept a vehicle’s runout path. 

 

http://rsdg.digital.transportation.org/RSDG/4/RSDG4/rsdg4_ch05/rsdg4_ch05.aspx#rsdg4_ch05_tbl5-10a
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Level 3 Cost Breakdown - AOC E074

Alternative #1: Shield Sign Foundation

Installation Costs:
95' sign structure (span type) $95,000
TBT, Type T1 (SP) $3,000
TBT, Type T2 $1,000
Galvanized Steel Plate Beam Guardrail, Type A, 6ft. 

Length = 125.0 LF
Rate = $22 /LF = $2,750

Total = $101,750

Annual Maintenance Costs:
Length of guardrail = 184.38 ft.
(Total length including terminals)

Annual maintenance cost = Length x $2/ft = $369

Alternative #2: Do Not Shield Sign Foundation (Just Outside Clear Zone)

Installation Costs:
105' sign structure (span type) $105,000

Annual Maintenance Costs: $0

Alternative #3: Do Not Shield Sign Foundation (Well Outside Clear Zone)

Installation Costs:
115' sign structure (span type) $115,000

Annual Maintenance Costs: $0
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Level 3 Output Results - AOC E074

Alternative Description

1 95' sign truss span; shield foundation within clear zone.
2 105' sign truss span; do not shield sign foundation just outside clear zone.
3 115' sign truss span; do not shield sign foundation well outside clear zone.

Alternative 2 1 3

2 0.00 -142.83 23.54
1 0.00 0.00 134.43
3 0.00 0.00 0.00

Pair-Wise Comparison:

1) Alt. 2 vs. Alt. 1 has a negative B/C ratio. Alt. 2 is better.
2) Alt. 2 vs. Alt. 3 has a positive B/C ratio, greater than 1.5.  Alt. 3 is better.

Select Alternative #3.
Recommendation:

Install 115' sign truss span.  Do not shield sign foundation.

Alternative
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