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APPENDIX D. PEDESTRIAN AND BICYCLE ADJUSTMENT FACTORS
Appendix D provides the procedure used to calculate pedestrian and bicycle
adjustment factors for calculating saturation flow of turning vehicles. Exhibit D16-1
shows sample conflict zones where intersection users compete for space. The variables
required for input are shown in Exhibit D16-2. These variables are divided into two
groups, qualitative and quantitative, and they are displayed in computational order. A
flowchart in Exhibit D16-3 illustrates a step-by-step procedure for computation, and a
supplemental worksheet is also provided to facilitate the computation.

There are four steps for computing pedestrian-bicycle saturation flow rate adjustment
factors.

Step 1: Determine average pedestrian occupancy, OCCpedg

Average pedestrian occupancy is derived from pedestrian volume, vped. If pedestrian
flow rate, vpedg, rather than pedestrian volume, vped, is collected in the field, average
pedestrian occupancy can be calculated directly from pedestrian flow rate. Otherwise,
pedestrian flow rate first has to be converted from pedestrian volume using Equation
D16-1.

vpedg = Vped * (C/gp) (vpedg =5000) (D16-1)

Then average pedestrian occupancy can be calculated using Equation D16-2.
OCCpedg = vpedg/2000 (vpedg <1000 and OCCpedg <0.5) (D16-2)

or

OCCpedg = 0.4 + vpedg/10,000 (1000 < vpedg =5,000 and 0.5 < OCCpedg =0.9)

Step 2: Determine relevant conflict zone occupancy, OCCr

If bicycle traffic weaves with right-turning vehicles in advance of the stop line, the
bicycle volume should be ignored in the analysis because this interaction does not take
place within the intersection. Only pedestrian interference should be considered.
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Progression Adjustment Factor

Progression primarily affects

Good signal progression will result in a high proportion of vehicles arriving on the uniform delay
green. Poor signal progression will result in a low proportion of vehicles arriving on the

green. The progression adjustment factor, PF, applies to all coordinated lane groups,

including both pretimed control and nonactuated lane groups in semiactuated control

systems. In circumstances where coordinated control is explicitly provided for actuated

lane groups, PF may also be applied to these lane groups. Progression primarily affects

uniform delay, and for this reason, the adjustment is applied only to d1. The value of PF

may be determined using Equation 16-10.

PF = {1 -P }fp.ﬂk
(16-10)

C:

PF = progression adjustment factor,
P = proportion of vehicles arriving on green,
g/C = proportion of green time available, and

fpA = supplemental adjustment factor for platoon arriving during green.
If PF for Arrival Type 4

calculates to greater than 1.0,

set the value to 1.0

The value of P may be measured in the field or estimated from the arrival type. If

field measurements are carried out, P should be determined as the proportion of vehicles
in the cycle that arrive at the stop line or join the queue (stationary or moving) while the
green phase is displayed. The approximate ranges of Rp are related to arrival type as
shown in Exhibit 16-11, and default values are suggested for use in subsequent
computations in Exhibit 16-12.
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EXHIBIT 16-11. RELATIONSHIP BETWEEN ARRIVAL TYPE AND PLATOON RATIO {RP}

Arival Type Range of {F;Ia]mun Ratio Default Value [Rp} Progression Quality
p

1 = 0.50 0.333 Very poor

Z > (0.50-0.85 0.667 Unfavorable

3 = 0.85-1.15 1.000 Random arrivals
4 =1.15-1.50 1.333 Favorable

5 > 1.50-2.00 1.667 Highly favorable

b > 2,00 2.000 Exceptional

EXHIBIT 16-12. PROGRESSION ADJUSTMENT FACTOR FOR UNIFORM DELAY CALCULATION

Arrival Type (AT)
Green Ratio AT1 AT 2 AT 3 AT 4 AT S ATE
(g/C)
0.20 1.167 1.007 1.000 1.000 0.833 0.750
0.30 1.286 1.063 1.000 0.986 0.714 0.571
0.40 1.445 1.136 1.000 0.895 0.555 0.333
0.50 1.667 1.240 1.000 0.767 0.333 0.000
0.60 2.001 1.395 1.000 0.576 0.000 0.000
0.70 2.556 1.653 1.000 0.256 0.000 0.000
fpa 1.00 0.93 1.00 1.15 1.00 1.00
Default, R , 0.333 0.667 1.000 1.333 1.667 2.000
Motes:

PF =(1 - Pji, /(1 - 9/C).

Tabulation is based on default values of f,, and Rp.
P =R, * g/C {may not exceed 1.0).

PF may not excead 1.0 for AT 3 through AT 6.

Al (i) i dae 58 dal Y] dedll dealsll doll Jane Jlae dsasl US4
Progression Quality Default Value Range of Platoon Arrival Type
(Rp) Ratio

Very POOF 1ss 1o 0.333 <0.50 1
unfavorable wséye e 0.667 > 0.50-0.85 2
Random arrivals isie Jsas 1.00 > 0.85-1.15 3
favorable wisé e Jswas 1.333 >1.15-1.50 4
High Favorable LS cig 5 1.667 >1.50- 2.0 5
Exceptional i) 2.00 >2.00 6

Jil) sy Jseagll IS5 o A8 (25 ) Jsaall
Relationship between Arrival Type and Platoon Ratio
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TYPE ARRAIVAL (AT) Jyeasll IS5 il Jine
AT-6 AT-5 AT-4 AT-3 AT-2 AT-1 “g/C” yuasl)
0.750 0.833 1.00 1.00 1.007 1.167 0.2
0.571 0.714 0.986 1.00 1.063 1.286 0.3
0.333 0.555 0.895 1.00 1.136 1.445 0.4
0.000 0.333 0.767 1.00 1.240 1.667 0.5
0.000 0.000 0.576 1.00 1.395 2.001 0.6
0.000 0.000 0.256 1.00 1.653 2.556 0.7
1.00 1.00 1.15 1.00 0.93 1.00 Foa desll
2.000 1.667 1.333 1.00 0.667 0.333 Rp il
4 8 12 16 12 8 m

PF = (1 - P)fea/(1 - 9/C).
Tabulation is based on default values of fps and Rp.
P =R, * g/C (may not exceed 1.0).

PF may not exceed 1.0 for AT 3 through AT 6.
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A 4y e Aasdll (g5 aaaty adalil) 138 Al Gaglhadlly cpulatie sk (e Al Aiguall 5LEY) cStreet

caldana

-

%5 A WB SEB ¥ gl o alill cljall L -
%8 4 SB s NB ¥ g, o alaill cljall Lo -

colail S Basly Hla (10 055 NB/SB - (sl gLl colatl JSI (4l (e 55 EB/WB (sl 5Ll -
26 SeC s» EB-WB olad; 36 Sec s NB-SB oladDU sl el (PHF = 0.90 ¢ pysh Lisuall )LaY) -

31 431 20 bicycles/h wlalally (100 p/h g, 488 e slid) ASa -

4 sec jra¥l gaill -

4 sec 98 AS)A.“ évha]\ U“)ﬂ -

108

NI A e 3m sl e e -

ET=2.0 <1900 pc/h/In ol g LaY) 8 Jaea -
6&;\\441.4 J};} (';J.G -

14

. 70.0 sec dbguall 5)LEY) 8y50 () -



de= 0% (dbom
i % = Pedestrian Button
[ar]
.‘/Tk % g —— = Lane Width
Y, ———\_ gade-_ 0% = Through
10020 _
_____ _ L | 33m (’ = Right
& e 33m ‘\l - Lk
33ml| A8 S
R [l N il o 2l Liead ) )
33m T: o T/' = Through + Right
7 N 100(20) ‘w‘
grade=__ L in Sireer = Left + Through
Street
Y Y = Le + Right
0% ‘\?. = Left + Through + Right
A5 192

Jall clghad

(100/3600)*70=1.944 gl BLEY) 5y00 DDA clabally slad) .1
Gp = 3.2 + L/Sy+ 0.27N e clllaie gasy A GraY) Jladll sl a3l .2
Gp(Main)=3.2+9.0/1.2+0.27(1.944)=11.2 sec sLadl ASn
Gp(Third)=3.2+13.2/1.2+0.27(1.944)=14.7 sec

Gp (Main) = 26 s, which is >11.2 s sLa) A<l DU (ghaa) sV (a3l 5lae .3
Gp (Third) = 36 s, which is >14.7 s (B e dall i) Gl o
P.r (EB) =65/( 65 + 620 + 35) = 0.090 Cadlly Hluall Callaat) s .4
fW=1+ (W—936) ‘)3‘)43\ .DL)L;L}Q‘);@M:\(_AAIM .5

3.3-3.6
fW(EB) =1+ % == 0967
100 L&l @byl 5 Jalaas .
fHV = - _)"J (S ammn d-“ 6
100+ %HV(ET -1
100

fuy =———————=0.952

HY =100+ 5(2.0-2)

0% grade, fg=1.0 o) o Jalae .7
fp=1.0 el Caghy rona’ Jalaw .8
for = 1.0 Alalldl ald sl dalae .9
For CBD, f, = 0.90 bl dikhie moaai Jalas .10
fLu = 0.950 for EB and WB approaches, Daall Bla aladial Jelas .11
fLu =1.0 for NB and SB approaches.

Hedwx)mﬁjbw)wu&u\) daldll Al eA;:u..u ‘)L.u:\ﬂ MLL:JY\@AAAEJALLA'IZ

fir (EB)= 0.716.(LSkadll o3y
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frr = 1.0 —0.135PRr For EB and WB
fRT = 10_0150PRT
fer (EB )= 0.993 , far (WB )= 0.996

Ol Cillan®Y) man s Jolaa .13

FLpb (EB )= 0.997 , f_pp (WB )= 0.998

Slall Gllaaty) e calalylly slaad) il Jalas .14

frpb (EB )= 0.992 , frpp (WB )= 0.995

Ol Gallaay) e clahally sladl Ll Jelaa .15

S =5 N fyy fuv Ty T Top Fa fu fur frr fpn frpn

s(EB) = 1900 * 2 * 0.967 * 0.952 * 1.000 * 1.000 *
1.000 * 0.900 * 0.950 * 0.716 * 0.993 * 0.997 * 0.992
= 2103 veh/h

gyl 5l .16

¢ =s(g/C)
c(EB) = 2103(0.371) = 780 veh/h

v/c(EB) =800/780 = 1.026

v/C il .18

SB & Sl shlls EB # dayall dc seadll J5Y) skl

sh JS 4 abls degene JS A el Al 205,19

v/s(EB) =800/2103 = 0.380
v/s(SB) =667/1625 = 0.410

danll Cile genall V/S ducil) .20

Y.=0.380 + 0.410 = 0.790

aoall chlal) Glesandd VIS il ggana .21

* M s . s
X. - Y. *C X, = 0.790*(70.0) _0.892 V/C dad) ) dspal) Gl Jane 00 .22
C-L 70.0-8
Uniform delay a2t .23
_ 2
dl(EB)=O'50(70'0)(1 0.371) _9901s/veh
1-0.371(1.0)
Incremental delay. Ly Al 24
dz=900T{(X—1)+\/(x—1)2+—8P§_:_X} neremental defay. Lsy) s

PF (EB) = 0.926

Progression factor A<all i masal Jalas .25

d=d,PF+d,+d;
d (EB) = 22.015(0.926) + 39.011 + 0 = 59.4 s/veh

chlall degand ,ualill .26

di={ (59.4 * 800) +(31.0 * 833) + (14.4 * 466) + (21.9 * 667)}/
(800 + 833 + 466 + 667)
= 34.2 s/veh

ablal el .27

LOS (EB lane group) = E
LOS (EB approach) = E
LOS Intersection = C

bl LalSly bl il ganal daddl) (gginse .28
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Left-turn adjustment factor, fiy EC'.F.'S i i C‘.QC‘.‘E EC‘.QEFE EC'.QE i i
Right-turn adjustment factor, fey ioggsi 0.996! 20.9945 | O.QSQE
Left-urn ped/bike adjustment facto, f egg? 0.993; Eegggi ie.ggsi
Right-turn ped/bike adjustment factor, fopp EO.QQEE i C'.QQEE EO.QQSE i O.QBJ:!;

A . R . .



psaal poaai Jods
VOLUM ADJUSTMENT MOUDULE WORK SHEET
o oLt | Ul [ s N isgas Jixs Bl
Clan) el Ol sz o)L RIS PHF | wsyi sk L
S (vph) (vph)
72 0.9 65 LT
0.09LT | 840 | 1.05 2 800 689 0.9 620 TH EB
0.05RT 39 0.9 35 RT
33 0.9 30 LT
0.04LT | 875 | 1.05 2 833 778 0.9 700 TH WB
0.03RT 22 0.9 20 RT
33 0.9 30 LT
0.07LT | 466 | 1.00 1 466 411 0.9 370 TH NB
0.05RT 22 0.9 20 RT
44 0.9 40 LT
0.07LT | 667 | 1.00 1 667 567 0.9 510 TH SB
0.08RT 56 0.9 50 RT

atied) ASal TH ccpadl sa Gilaad) RT ¢ laadl sad Callaai¥) LT ¢ Gas

Sl degena b olall Jare e Jyemsll g Sl Gl p2e ele e Lla¥) 8al dak (Ll Jare il
Jales clall degana 3 Glojadl Jane Copaim peacmall Glojal) Jiee Gileos 2 LS ASal cilalaty Gliall Jaxe gens
cahlall degena b glyall Jare e aalsl) slaiDU Glall Joee dods Cillaal) qas e Jeanis « U cblall o g )

ELY §lif Jira cilus Jgan
SATURATION FLOW RATE MOUDLE WORKSHEET
ADJUSTMENT FACTORS gl Jaofse S B Aesest
S fir frr fa fob fy fo frv fw e Bt A BT b
kﬂ;\:L\
1947 | 062 | 099 09 | 1.00 | 1.00 | 1.00 | 0.95 | 0.97 2 1900 EB
2516 | 0.80 | 099 | 0.90 | 1.00 | 1.00 | 1.00 | 0.95 | 0.97 2 1900 WB
1214 | 0.78 | 0.89 [ 090 | 1.00 | 1.00 | 1.00 | 0.93 | 1.10 1 1900 NB
1363 | 0.88 [ 0.88 | 0.90 [ 1.00 | 1.00 | 1.00 | 0.93 | 1.10 1 1900 SB

(4-5) Jsaall 3o iy Julall o Juans

17



(5-5) dsaall e fiyy daladl e Juans

(7-5) Jsaall oo fy dalad) e Jeans

(6-5) Jsaadl (e fy dalall e s

(8-5) dsaall e fop Jalal) e Jeans

(9-5) Jsaall e fy Jalall Ao Juans

. NB,SB ¢ehill dnsludl dllally WB EB (el dusslall Allall (10-5) Jsaall oo fry daladl e Juans

2 ol Jaall )5 385 Jad ) Aalal) Allad) wiy cans s Allall of Laadls aiag (11-5) Joaad) g fig dalall o Joans

Als bl sai Gl Jale Ciles
“lal) awie ag paell gl GSlaal) olai¥) e gl 66 Laxie 48,50 o3 Jexied
SB | NB WB EB EbI
70 70 C Aipeall HLEY) 550 (e 3
26 26 G ol degad Las Nl )l 5ol
27 27 0 ShU dsgast Jladl a1 el L)
27 27 Qo STl gLl e Judl s 91 ol s
2 2 N ol degas (3 ol sas sl
2 2 No STl bl e ol segas 3 ) sus ol
33 72 VLT sbeddl 52 Calandl) el 0L A1 Juten
0.04 0.09 PLT S degaz 3 Ll o7 ClamVl (s 5]
840 875 Vo Sl oldY1 e maall 0L Juns sl
3 3 tL sk ST gl o Jhie J5o)
0.64 1.4 LTC=V 1*C/3600 555 S Ludl s Clani) s o
8.17 8.51 1595 IS0 gyl IS STl oY1 e 0L A Jaee o
Voii=vV0*C/(3600*N,)

1.33 0.67 (2-5) dsd Rpo  -SWali ) oldY s i s

10.69 | 5.46 of ~ =G*exp(-0.882*LTC*™™)-t, , gf<g !
0.49 | 0.74 Oro =1-Rpo(Go/C)  :-S1ab old) (s juncdt i)l s o
8.53 | 12.07 0qSg ¢ il Jlxinl Qg o]
16.31 | 14.93 Ow=0-0r if 9q<0r<Ow=0-0q If 020 .Ouw
0.35 | 0.33 fs- (875-0.625v0)/1000 , fs>0 .
014 | 0.35 P = prt{(N-1)g/( fs+ gu+4.5)}] )
8.00 | 9.75 (12-5)0, 4 By 5>
0.08 | 0.10 foin =2(1+PL)/g .
0.70 | 034 fm=[guw/gl[LAL+pL(Es-1)}] : fm —

min=fmin__, max=1.00

0.80 | 0.62 fir = [ft0.91(N-1)N )

bl aely bl st CallaniD dacadia 3 jla Jani 3 jlall o (o il Bxie N> 5 A jide Cailasd) & s Jaf e pL21 o8y

coaill e clylall daeia &\)3 oSl ol ey Baslg 8ylan t\)ﬂ Lalall &iyu\ d;i C**
fir = fin Dl s Callaa D dainda 5)ls 2o Tsasa Dbl g Callaa) J;‘).b wEE

Ula jlad) sai Gl Jale ol
5asly Blas Gug el gl QuSlaall olai¥) e gLl (5 Laic 8, 038 Jaicd

EB | WB SB NB e
70 70 C Ziigall HLEY) )5 (pa) S
36 36 G ol aegad Las 1 a5l
37 37 g o degest Jladll as Y1 all ol
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37 37 Qo STl ghdd) e Jlaill s 81 ull )

1 1 N Sl degas 3 oL sae o)
44 33 VLT ) 52 Gilaaidl el LA June 5031
0.07 0.07 PLT Sh degaz 3 Ll o Olan¥l s 53]
0.07 0.07 PLTO St o2V o Ll o8 Ollaw¥l (ons sl
466 667 Vo STl a1 e peoeall 0L A1 Jutes
3 3 T b S @l e s sl
0.86 0.64 LTC=v 1*C/3600  :5,5: IV Ll £ Collan¥l i o]

9.06 | 12.97 | vuc=vo*C/(3600) :355 JSI 5l JSI STkl ol s 0L A Jutas o)

1 1 (2-5) dsit Rpo  -Sball il oldY s i s
13.51 | 15.78 of ~ =G*exp(-0.860*LTC**®)-t, , gf<g )
0.47 0.47 Oro =1-Rpo(0/C) 1Sl eVl o ezl i) onn!
8.94 | 12.69 0eSg  « Og=4.943%, > *Pxg, 00t )
23.49 | 21.22 O9w=0-r f0q<Qr« 9w=9-9q f0¢2Gr .G
0.00 | 0.00 n=(go-g)/2 , N=0 e
0.93 | 0.93 P10 =1- Pi1o e
436 | 9.68 (12-5) S Epy s
0.00 | 0.00 Er2 =(1-P10 ")/Pro e
0.06 | 0.06 fruin =2(1+PL7)/g S

0.88 | 0.78 fir = fr =[9¢9]1+[(9q-9o/GI[L{1+P r(ELo-1)}] N

0r<Qq Letie of sy 34 513 & STl oW e g UM saaze gl doldhl ai ol ol 0 ™

I Joad) B9 IV e Band) o OV Lz

CAPACITY ANALAYSIS WORK SHEET dewd/ Jotlaif fael 49,4
igas X=V/Ic | acous en o) OuA | plaYl duee | OLA Jaee | skl S 2 oISk
oA Sl C ol a8 VIS call Veall | (P,S,T) ieges
g/C ol
EB
* 1.119 751 0.386 0.431 1947 840

WB

0.902 970 0.386 0.348 2516 875 T
NB

0.726 642 0.529 0.384 1214 466 T
SB

* 0.926 720 0.529 0.489 1363 667 T

66 595 U Ll ol 670 : assialt 5LaY 595

X, =Y*c/(c-L) =1.007
Y = Sum (VIS) . =0.921

SB 5NB cehills dea 5o WB 5 EB bl oy A3l 00y (V/S) ¢ 3 SV asdl gsana 8 5,aY) dailly
230 Jaall 88y DA e de2dll (s5iasag driajll il AL 08 Cavas
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LOS MODULE WORKSHEET  4stilf (§piwa dotail Jael/ 444
v S depast A ] 311 ik A b Sy ot idgll gl
670

L D L D D, M | C et DF D1 g/C | X=Vic | eyt icss
O @)
S S
* * * * * 12 | 751 0.910 * 0.386 | 1.119 EB
C| 238 | C | 238 | 65 12 | 970 1.124 | 154 | 0.386 | 0.902 WB
B| 124 | B | 124 | 29 16 | 642 1.00 9.6 | 0.529 | 0.726 NB
C C C C 129 | 16 | 720 1.00 11.6 | 0.529 | 0.926 SB

i Wy sk s el e Blae sag " Allred " KU el el 4] iliae jiaY1 el e Ble g8 -
" daalaial) " AU AT KAl sn Ji Gare ok DA @ISl 8IS jo i

il skl (Gi ) shuad aDA slayl 0sS @illy L ol (a3ll 58 Gi a1 il -

Gang A (6 U e Jlad IS aadtie e ol Jadie yue adaliil)l aDA G5S 63 Geill 58 bl el -
CeNEY) el 5al e)) Lsh IS BDlag ¢ (DAY ey ) daill 5 Dla

Bale 33515 cdliume a8 (e Jlad U< p380e (e ohe DA 05S (60) all sa Jladl) a3l -

(i O skl gi 2 4l ey wlall Gaill dia agylae il (ga) 4] Blima s el

o Hle say) Assase e GlSa degens ol aame A<m aADIA 8 A i) a ari Jladll a1 sl

o Jadl Gail) die lag yhae Eiguall HLEY 8)50 ()

: dufpall hly) g )sif

Cully )90 UK ¢ el L) ¢ Joaiil) Liajl ¢ ehmal) Aia)V) Lgd et : (i) 2asa () b i) —1
o e Baasa Lgaidy

ol dals pe DeY) i ol e )l LA paiie JS& umdl ey (aad 1 ASHall Ligs ddaine Ll 2
Lol 3oykall 8 A g gall daldd) Cadlyll Gk e (sl olatY) Ao padl

g3 S e puagn Sl CadlsSll Jans ddafise ddguall HLEY) lpll A8IS (585 0 ASall WS datiye cills) -3

. el

R318-D7V2-W059
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2 s

Gl JSall Gun (EB/WB) g)li s NB )Ll &igunn chlils Seaa abalis Jaad) 485 (s

grade=__ 0% | ,-" 2

' (A
| 1 <|E
] I 1 D':c'ﬁ & \_/
I Ehow North
) - \_ grade=__J%
_{n_us _Stip,‘_ 3Em
«—— 7 7, 36m WB
EB [ o] A e
. _—_b_ " 36m
e
e (bus stop) || 36 m
grade=__ 0% N 1 4 Western Bivd.
i I Sireet
V\I : }/’_
Ing ,  F
3 grade=_-2%
JEm

7 EB and WB HV =5 percent, [ Western Boulevard has two lanes in

[INB HV = 8 percent, each direction plus an added left-turn

[1PHF = 0.95, [1No parking EB/WB, [ Sixth Street is a NB one-way street with
1 Arrival Type 3, two lanes,

1 Movement lost time = 4 s, each phase [ Bicycle volume = 0.0 bicycles/h, all
] Sixth Street NB grade = -2 percent approaches,

1 Three-phase signal, [1 NB parking = 12 maneuvers/h, and

1 Western Blvd. bus stopping = 15 b/h, [1 Peak-hour volume data, by approach
1 Pedestrian volume = 0 p/h, all and movement, are shown on the
approaches, Input Worksheet.

1 All lane widths are 3.3 m,

e Sl
NB WB EB gl

LT TH RT TH RT LT TH
65 825 35 700 140 140 850 veh/h s
t by bz

6] az a3

Sl =

G=72 G= 234 |G= 274
Y=o Y=d Y= 4
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