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2.1 A building block: steady-state flows along a single interchange  

B'! 0,!/3,3,.3-! #,.! *#+#,-&! HFGG]K?!N3!L &.3%!723!9$33N#5!#'!#!'37!&9!;#$#%%3%!A0,3L#701!N#>3!
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'L &&720,+!399317KR!$3.813!723!9$33U9%&N!';33.! 0,!723!VU%#, 3!N23, !723!ZU%#, 3' !#$3!1&, +3' 73. R!#, . !



! _
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#,.! j! VWXO'!9$&L !723!&,U$#L; !L 3$+3!0,7&!723!VU%#, 3R!#, . !#7!C?!N23$3!723!VU%#,3!3,.'?! YWXO' !
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Figure 1.  A fr eeway str etch: (a) H-scenar io; (b) network representation of H-scenario; and 
(c) network representation of G-scenar io. B$$&N' ! 0, ! ; #$7! H#K! . 3, &73!%#,3!12#,+3'! #1$&''!
1%#''3'!&9!%#,3'!H0)3)!#L&,+! 723!ZU%#,3'?!723!VU%#,3?!#,.! 723!$#L; 'KR!.#$A!'2#.0,+! .3,&73'!
1&,+3'73.!7$#9901?!N2012!7#A3'! 723!9&$L ! &9!#! (6(W! P8383!8;'7$3#L! &9!'1$33,! %0,3!G!#,.!
.&N,'7$3#L!&9!'1$33,!%0,3!CR!#,.!N2073!'2#.0,+!.3,&73'!723!8,1&,+3'73.!VU%#,3)!



! E
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72#7!&9!#!9$33N#5!%#,3?!0 )!

! Q 3!, &N!1231A!723!3M0' 73, 13!1&, . 070&, ' !9&$!#, !3P80%0I $08L !; #773$, !0, !&8$!0, 73$12#, +3)!Q 3!

' 7#$7!0, !723!ZU' 13, #$0&!H( 0+)!J1K!N072!#!' 37!&9!1&L L &. 075!9%&N' !#$0' 0, +!9$&L !#!' 73#. 5!' 7#73!W* !

7#I %3[! %/ *6?$%/ *3?$%/"3 ?$%, *6?$%, *3?$%,"3 ?! N23$3! 723! 72$33! ' 8I ' 1$0; 7' ! . 3, &73! H9$&L ! %397! 7&! $0+27K!

>3201%3!1%#' ' ?!&$0+0, !#, . ! . 3' 70,#70&,)! :&! I3! 93#'0I%3?!723!W*! 9%&N' ! ; #' ' 0, +! ' 1$33, !%0, 3!C!L 8' 7!

'#70'95[!%/ *3!k!%/"3 !k!%, *3!k$%, "3$i !. , R!723!&99U$#L ; !9%&N' [!. 6$&!%/ *6!k$%, *6!" !0 R!#, . !723!&, U$#L ; !

9%&N[!. "$&%/ "3$7$%,"3 !" !$. !H'0,13!723$3!#$3!,&!P8383'!&,!723!&,U$#L; K)!!

! :&! 8,.3$'7#,.! N2#7!2#;;3,'! 0,!723!VU'13,#$0&?!720'!W*! 7#I%3!0'!#''0+,3.! 7&!723!'2&$73'7!

;#72'!&9!(0+)!JI)! :23! 0,;87!#,.! &87;87!9%&N'!#$3!#'!0,!723!ZU'13,#$0&)!<0,13!723$3!0'!,&! $&873!

12&013!0, !30723$!' 13, #$0&?!723!1&L L &. 075!9%&N' !#1$&' ' !' 1$33, !%0, 3' !#$3!#%' &!#' !0, !723!ZU' 13, #$0&)!

V&N3>3$?!723$3!#$3!1&,'7$#0,7'!0,!723!,37N&$A!&9!( 0+)!JI !72#7!1&8%. !I 3!>0&%#73.!I5! 723!#''0+,3.!

%0,A!9%&N')!6,!N2#7!9&%%&N'!N3!8'3!. (8$7&!.3,&73!723!9%&N!&,!723!%0,A!9$&L!,&.3! ($7&!, &. 3!8)!W, 3!

'37!&9!1&,'7$#0,7'!3,'8$3'!72#7!723!VU%#, 3!$3L #0, ' !8, 1&, +3' 73. R!7235!#$3[!H0K!. *4!" !0 R!H00K!. 4)!" !. )6R!

H000K!. 42!k!. 52!" !0 !#,.! H0>K!. 23!" !. )!B,&723$!'37!3,'8$3'! 72#7!723!ZU%#, 3' !#, . !723!$#L ; ' !1#, !1#$$5!

723!$3P80$3. !9%&N' R!0)3[!H>K!. )6!" !H, UJK0 R!H>0K!. "$" !$. "5dH, UJKR!H>00K!. "5!" !H, UJK0 R!#, . !H>000K!. 6$" $0)!

! " &, ' 7$#0, 7' !H0K?!H00K!H000K!#, . !H0>K!#$3!L 37!09!723!. 3L #, . !9&$!723!VU%#, 3!. &3' !, &7!3M133. !. !#7!

723!.&N,'7$3#L!3,.!#,.!09?!#'!0'!75;01#%?!07!$3L#0,'!I3%&N!0 $3%' 3N23$3!8; ' 7$3#L R!0)3)!09[!!

$ $ $ . / H+K$$" $$.$$$9&$!+$9!C!!!!!#,.!!!!!!. / H+K$" $0!!!9&$!+$:$C)! ! !!!!HF#K!

: 20' ! 0' ! 723! ' #L 3! #' ! HJI K)! "& , ' 7$#0, 7' ! H>K!#, . ! H>00K! #$3! L 37! 09! 723! . 3L #, . ! 9&$! 723! ZU%#, 3' !

0LL 3.0#73%5!8;'7$3#L!&9!723!&99U$#L;!#,.! 0LL 3.0#73%5!.&N,'7$3#L!&9!723!&,U$#L;!H#!.3L #,.!

N2012!N&8%. !0, 1%8. 3!#%%!723!YWX' !#, . !#%%!3M070, +d3, 73$0, +!VWX' K!0' !%3' ' !72#, !H, UJK0 )!:23'3!
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!!!$$ $ $ . / H+K!' !!. H+K, !!! !0 H, UJK!!?$$$$$$$$$9&$!!+$9$̂ ?!]!&$!C)!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!HFIK!

: 20' !0' !723!' #L 3!#' !HJ#K)^!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
^!e &73!72#7!. / H] K!" !. / HCK!#, . !. H] K!i !. HCKR!723$39&$3!723!1&,.0 70&,!#7!+$9$C!0' !$3. 8, . #, 7)!: 20' !L 3#, ' !72#7!723!&>3$9%&N!
1&, . 070&, !&, %5!, 33. ' !7&!I 3!>3$0903. !. &N, ' 7$3#L !&9!&, U$#L ; ' !#, . !8; ' 7$3#L !&9!&99U$#L ; ' )!B' !#!98$723$!' 0L ; %0901#70&, ?!
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H>0K!0' !' #70' 903. )!69!. "5dH, UJK!g!. !723!8;;3$! I&8,.! 0,1$3#'3')!:23! ;$0&$075!$8%3'!0L;%5!0, !720' !1#' 3!
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2.2 Queue density in each scenario 
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2.3 Spatial growth of the H- and G-queues 
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Figure 2.  Fundamental diagrams for a single G-lane (triangle OP0P6), and a single H-lane 
(triangle OP7P6). 
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2.4. Effect of the H-lane on VHT and PHT!
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Figure 3.  Off-ramp activity in the two scenar ios: (a) cumulative exits at a single off-ramp; 
(b) spatio-temporal effects of queue. 
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3. CLOSED-LOOP QUEUES 
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3.1 Maximum outflows of an idealized beltway with and without an H-lane: time-

independent case 
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Figure 4. Fundamental diagram for a whole freeway in two scenarios (underutilization = u).!
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5.1. Performance of bus-only lanes in uncongested beltways!!
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5.2 Bus-only lanes in congested beltways and general deployment issues!!
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