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WHICHAYA RINGKANANONT : HIGHWAY CAPACITY ASSESSMENT
BASED ON RELATIONSHIP BETWEEN SPACE MEAN SPEED AND
FLOW : A CASE STUDY OF THANARAT ROAD, PAK CHONG,
NAKHON RATCHASIMA. THESIS ADVISOR : SIRADOL SIRIDHARA ,

Ph.D., 174 PP.

SPEED / FLOW / TRAFFIC FLOW THEORIES

Thanarat Road is a tourist highway and a main corridor to Khao Yai
National Park. Located in Mu Si Subdistrict, Pak Chong District, the 21-km
highway connects Mittraphap Road (Highway 2) to Khao Yai National Park.
The first 8 kilometers of Thanarat Road is a four-lane undivided section.
The remaining 13 kilometers of the highway before Khao Yai National Park
Gate is a two-lane undivided highway. Traffic jam usually occurs during
weekends and long holidays in which traffic mix is made up from
vacationers who are unfamiliar with the area, along with various types of
local vehicles. This study research aims to study traffic flow characteristics
and to estimate capacity of Thanarat Road with respect to five traffic flow
theories which are Greenshield, Greenberg, Underwood, Northwestern and
Edie. This study divided Thanarat Road into 4 km sections. Fundamental
traffic characteristics of interests are relationships between 1) speed-density,
2) flow-density, and 3) speed - flow. The ultimate goal is to estimate the
maximum flow rate and traffic conditions at different flow ranges, including
optimum speed and optimum density of Thanarat Road. The study showed

that Northwestern Model best describe traffic characteristics on the 4-lane



section. Underwood and Edie-Jam Models could also be applied with a
reasonable precision. Mean while Greenberg and Edie-Jam were most
effective models for the 2-lane section. Northwestern, Underwood and Edie-
Low models could be equally applied with fair results. Greenshields model
was found ineffective to describe traffic characteristics in any of these
scenarios. The results would be used to create a road user information
system, and eventually lead to effective traffic management measures for

Thanarat Road.
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aunsi 2-18 uaziA1szeznAIMIAUMIRagUIMIUIUIANUTARas UM TIAUNIS

(Space- mean speed) 1ag lanamsdianzideiuaaslunisiei 4.1 - 4.5

~ a J Y 1 ~ Aa ~ Y ax A A
ATNN 4.1 FANITAATICHUDYADUUFINN 1 anlawash 0 -4 APITNITINADUNUDITD

(Moving Vehicles Method)

A lawasi 0 — 4 NepuulaIMMEgNeUuInaT Ina (Furga)

Flow, q (veh/hr/In) | average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)

375 190 75.9 4.94
425 197 73.1 5.81
520 197 73.0 7.13
441 192 74.9 5.89
545 190 75.8 7.19
450 192 75.0 6.00
535 200 71.9 7.44
480 191 753 6.38

N lawasi 0 — 4 NeOUUNATNNIYNEUUHIIANT T1Ha) (FUTITUAT)

Flow, q (veh/hr/In) | average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)

275 147 97.8 2.81
270 173 83.1 3.25
240 165 87.3 2.75
275 154 93.6 2.94
265 160 90.2 2.94
354 185 77.8 4.55
325 174 82.5 3.94

350 190 75.7 4.63




50

~ a J Y 1 ~ Aa ~ Y ax A A
MNT NN 4.1 WanN13AATISUUDYADUUT NN 1 Tlﬂjalllﬁi‘ﬂ 0 -4 aPITNITAADUNVDITH

(Moving Vehicles Method) D))

n lawasi 0 — 4 Negnenuurana lugiiaouulinsnn (Iurga)

Flow, q average travel time, T (sec.) | space-mean speed, S (km/hr) Density,k(veh/km/In)
380 171 84.4 4.50
485 176 81.7 5.94
565 190 76.0 7.44
660 232 62.1 10.63
610 189 763 8.00
640 188 76.4 8.38
565 186 71.3 7.31
475 172 83.5 5.69
Alamast 0 4 frgnenuuiandnnlngjaauuiasnm Susssua)
Flow, q average travel time, T (sec.) | space-mean speed, S (km/hr) Density,k(veh/km/In)
355 170 84.8 4.19
345 170 84.9 4.06
342 125 115.0 2.98
345 185 77.7 4.44
240 165 87.3 2.75
402 116 124.7 3.23
285 167 86.0 331
270 160 90.0 3.00




51

~ a J Y 1 ~ Aa ~ Y ax A A
MNT NN 4.2 WanN13AATISUUDYADUUT NN 2 Tlﬂjam@]i‘ﬂ 4 -8 AYITNITIAADUNUDITD

(Moving Vehicles Method)

n lawasi 4 — 8 NeauulaINIMgNeUUInNa Ing (Turga)

Flow, q average travel time, T (sec.) space-mean speed, S (km/hr) | Density,k(veh/km/In)
280 186 77.2 3.63
279 199 72.2 3.86
395 185 78.0 5.06
416 227 63.4 6.55
373 190 75.9 491
463 232 62.0 7.46
454 232 62.0 7.32
484 233 61.9 7.81
Alamast 4 - 8 Renuuiasmmjsgnenuuanan g (Susssua)
Flow, q average travel time, T (sec.) space-mean speed, S (km/hr) | Density,k(veh/km/In)
220 131 110.0 2.00
257 219 65.8 391
165 158 91.0 1.81
180 180 80.0 2.25
240 203 711 338
245 202 713 344
234 203 70.9 330
180 170 84.7 213




52

~ a J Y 1 ~ Aa ~ Y ax A A
MNT NN 4.2 WanN13AATISUUDYADUUT NN 2 Tlﬂjam@]i‘ﬂ 4 -8 AYITNITIAADUNUDITD

(Moving Vehicles Method) D))

n lawasi 4 — 8 Negnenuurana lugiiaouulnsnn (Turga)

Flow, q average travel time, T (sec.) space-mean speed, S (km/hr) | Density,k(veh/km/In)
340 185 77.7 4.38
429 223 64.5 6.64
565 190 76.0 7.44
514 184 78.5 6.55
591 237 60.8 9.73
544 197 73.3 7.43
309 168 85.5 3.61
251 219 65.9 3.81

N lawasi 4 — 8 NAgneuunanNa Mo uulas NN (FUBITUA1)

Flow, q average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)
270 167 86.4 3.13
291 186 77.3 3.77
230 157 92.0 2.50
270 127 113.7 2.38
325 180 80.0 4.06
355 185 77.8 4.56
294 126 114.2 2.58

366 130 110.9 3.30
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~ a J Y 1 ~ Aa ~ Y ax A A
M1319N 4.3 WanN13AATISUUDYADUUT NN 3 Tlﬂjﬁlllﬁi‘ﬂ 8 — 12 AYITNITLAADUNUDITO

(Moving Vehicles Method)

Alawasi 8 — 12 NeauulasnmgneuuInan Ina (Tuvga)

Flow, q (veh/hr/In) | average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)

334 169 85.1 3.93
510 187 77.0 6.63
520 187 77.0 6.75
986 244 59.1 16.68
750 235 61.2 12.25
870 236 61.1 14.25
1029 244 59.1 17.39
593 234 61.6 9.63

Alawasi 8 — 12 Neauulasmmiagneuuanam lua (Jusssual)

Flow, q (veh/hr/In) | average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)

290 180 80.0 3.63
336 120 120.0 2.80
470 180 80.0 5.88
520 194 743 7.00
274 154 93.7 2.93
432 120 120.0 3.60
390 138 104.0 3.75

500 194 74.1 6.75
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~ a J Y 1 ~ Aa ~ Y ax A A
M1319N 4.3 WanN13AATISUUDYADUUT NN 3 Tlﬂjﬁlllﬁi‘ﬂ 8 — 12 AYITNITLAADUNUDITO

(Moving Vehicles Method) D))

A Tawasi 8 — 12 Negneuurana Mo uulinsnn (Tuvga)

Flow, q (veh/hr/In) | average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)
471 202 71.4 6.61
660 185 77.6 8.50
880 192 74.9 11.75
951 195 73.8 12.89
1193 246 58.5 20.38
938 244 59.1 15.88
737 190 759 9.71
848 236 61.1 13.88
Alawast 8 - 12 Argnenuumanamn lnajjsnuuiiagnn (Fusssuai)
Flow, q (veh/hr/In) | average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)
440 155 92.6 4.75
576 168 86.0 6.70
450 156 92.3 4.88
410 145 99.4 4.13
369 201 71.7 5.14
552 160 89.8 6.15
520 205 70.1 7.42
460 157 92.0 5.00
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~ a J Y 1 ~ Aa ~ Y an A A
MNT NN 4.4 WanN13AATISUUDYADUUT NN 4 Tlﬂjﬁlllﬁi‘ﬂ 12 — 16 AYITNITIAADUNUDITH

(Moving Vehicles Method)

Alawasi 12 — 16 Neauulasmwagneuunana by (Funga)

Flow, q (veh/hr/In) | average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)
223 148 97.5 2.29
323 191 75.3 428
680 256 56.3 12.08
390 249 578 6.75
587 275 52.3 11.22
675 251 57.4 11.75
840 266 54.2 15.50
440 232 62.1 7.08

Alawnsi 12 — 16 NAOUUNAININYINAUUNINAT 11 (FUTITUAT)

Flow, q (veh/hr/In) | average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)
309 157 91.9 3.36
249 226 63.9 3.89
218 190 75.7 2.88
317 191 75.3 421
310 157 91.9 3.38
345 219 65.7 5.25
249 194 74.0 3.36
340 180 80.0 4.25
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~ a J Y 1 ~ Aa ~ 9 an A A
MNT NN 4.4 WanN13AATISUUDYADUUT NN 4 Tlﬂjﬁlllﬁi‘ﬂ 12 — 16 AYITNITIAADUNUDITH

(Moving Vehicles Method) D))

Alawasi 12 — 16 NAgNeURINA MY UUTATNIN (TUrga)

Flow, q (veh/hr/In) | average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)
523 247 583 8.96
428 266 54.1 7.91
840 309 46.7 18.00
1044 360 40.0 26.10
780 245 58.9 13.25
990 251 574 17.25
698 235 61.3 11.38
527 266 54.2 9.72

Alawnsi 12 — 16 NAGNEUNINAV MY UUTATNIN (FUTITUAT)

Flow, q (veh/hr/In) | average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)
291 191 75.6 3.86
283 155 93.2 3.04
203 187 77.1 2.63
163 152 95.0 1.71
230 149 96.8 2.38
263 199 72.4 3.63
446 216 66.7 6.68
280 154 93.3 3.00
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~ a J Y 1 ~ Aa ~ 9 an A A
M1319N 4.5 WanN13AATISUUDYADUUT NN 5 Tlﬂjﬁlllﬁi‘ﬂ 16 — 21 AYITNITIAADUNUDITH

(Moving Vehicles Method)

Alawasi 16 — 21 NeauulaINWIgNeUUnInNaT lug (FUnega)

Flow, q (veh/hr/In) | average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)

174 259 69.6 2.50
336 321 56.0 6.00
458 344 523 8.76
507 360 50.0 10.15
469 345 52.2 8.98
395 327 55.0 7.18
470 352 51.1 920
345 321 56.1 6.15

Alawnsi 16 — 21 NADUUNAININYIGNAUUNINAT 11 (FUTITUAT)

Flow, q (veh/hr/In) | average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)

280 317 56.8 4.93
188 163 110.3 1.70
158 217 82.9 1.90
249 197 91.6 2.71
293 215 83.6 3.50
263 199 90.5 2.90
351 240 75.0 4.69

189 199 90.4 2.09
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~ a J Y 1 ~ Aa ~ 9 an A A
M1319N 4.5 WanN13AATISUUDYADUUT NN 5 Tlﬂjﬁlllﬁi‘ﬂ 16 — 21 AYITNITIAADUNUDITH

(Moving Vehicles Method) D))

Alawasi 16 — 21 NAgneURINA IHYIoUUTATNIN (TUrga)

Flow, q (veh/hr/In) | average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)

330 289 62.3 5.30
354 310 58.0 6.10
376 300 60.0 6.27
480 323 55.8 8.60
856 300 60.0 14.27
655 436 41.2 15.88
575 373 48.3 11.90
535 386 46.6 11.48

Alawnsi 16 — 21 NAGNEIUNINAV IHYIOUUTATNIN (FUTITUAT)

Flow, q (veh/hr/In) | average travel time, T (sec.) | space-mean speed, S (km/hr) | Density,k(veh/km/In)

180 140 128.6 1.40
180 160 112.5 1.60
210 206 87.5 2.40
291 205 87.9 3.31
263 267 67.3 3.90
255 212 85.0 3.00
351 180 100.0 3.51
223 192 94.0 2.37

4.1.3 n1s?m5wﬁ%’aymﬁaﬁmammmmﬁa
msdnseidoyaosnnamanuE mauuninenszids s lunguian o
ANI0INMIAATIEHANNT0ANDY (Regression Analysis) INOWIAINITINDSV0INYHT
Greenshields ﬁiJmi‘ﬁ‘ 2-2, ‘Vlt]‘klf] Greenberg ﬁllﬂﬁ‘ﬁ' 2-10, ‘Vlt]‘klf] Underwood ﬁiJmi‘ﬁ' 2-11,
193 Northwestern erumsdi 2-12 wazaunsves Edie Tneldanmnsfimesveauusiansdies

= a d Y =} 3 Ao Y o ' v
G]N%’]ﬂWﬁfﬂi'Jlﬂi'13ﬂéUﬂlluﬁ’GﬂiniflL‘leiEJUWIEJTJﬂ')’]llﬁ'ﬁlﬂ'lu'Jﬂ!Vlﬂ"U’f)\HLUU%WQ’ENGI'N q Ny



3 Ao 9 A g Aqy a
ﬂ’J13J!i.i’3‘1/]ﬂ1u]mﬁ]1ﬂ‘llmal,ﬁ‘1/]mllmﬂﬂ1ﬂﬁu'm (mmtmﬂmiﬂu

A3 4.6 — 4.10

¥ v
A A

59

Y o
wundanu) laaauaaalu

A ~ 3 Ao Y ° ' o 3 Aq Y a
M3 1N 4.6 L‘]_E'EJ‘]JWIEJ‘]Jﬂ')']ﬂJLi'J'V]ﬂ']u'JmUlW'U@QLLUUfl]'lﬁ@\“lﬂ'l\? 9 ﬂﬂﬂ')'lllﬁ']ﬁ/lblclﬁ]ﬁﬁ

4 i D4 da 2
TUNUNANHIVDIDUUYIIN 1 AN AN 0 - 4

A lawasi 0 — 4 Nenuulasnmgneuuana na (urga)

ANUGD Greenshields Greenberg Underwood | Northwestern Edie-Low Edie-Jam
75.95 79.43 78.89 79.69 80.56 75.63 75.70
73.12 75.78 75.63 76.28 76.86 74.84 74.81
72.98 70.31 71.55 71.43 70.60 73.67 73.70
74.91 75.45 75.35 75.97 76.50 74.77 74.74
75.83 70.05 71.38 71.21 70.29 73.62 73.65
75.00 75.00 74.99 75.56 76.01 74.67 74.64
71.93 69.01 70.69 70.32 69.01 73.40 73.47
75.29 73.44 73.78 74.16 74.27 74.34 74.31

Alamast 0 4 Renuuiasamsgneruanan g (Susssua)

ANUGD Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
97.78 88.28 90.14 88.62 87.47 91.63 91.93
83.08 86.46 87.25 86.70 86.32 87.67 87.43
87.27 88.54 90.59 88.90 87.62 92.21 92.63
93.62 87.76 89.27 88.07 87.16 90.48 90.57
90.21 87.76 89.27 88.07 87.16 90.48 90.57
77.80 81.04 80.52 81.25 82.05 76.88 76.95
82.54 83.59 83.41 83.77 84.21 81.79 81.45
75.68 80.73 80.20 80.94 81.77 76.30 76.44
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A ~ 3 Ao Y ° ' o 3 Aq Y a
M3 1N 4.6 L‘]riEJ‘]JW]EJ‘]Jﬂ'JﬂJLi'J'V]ﬂ']u'JmllﬂeU'BQLLUUi]'lﬁ@\“l@]'l\i 9 ﬂﬂﬂ’)'lllﬁ')ﬂslclﬁ]ﬁﬁ

Y

luitufidnyivesauugaei 1 finlawasi 0 - 4 (@)
Alawnsii 0 - 4 Aimgnenuuisndun najsauudasnn Guee)

AN Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
84.44 88.56 88.00 88.38 89.21 87.72 87.87
81.68 82.03 81.06 81.94 83.85 81.86 81.22
75.97 75.22 75.43 75.72 77.18 76.16 75.81
62.12 60.74 66.52 64.03 60.84 65.34 67.25
76.25 72.67 73.61 73.51 74.46 74.13 74.06
76.42 70.96 72.47 72.08 72.59 72.80 72.96
77.26 75.79 75.86 76.22 77.77 76.62 76.22
83.52 83.17 82.14 83.03 84.86 82.85 82.25

Alawnsii 0 - 4 Aimgnenuuisndn najjsauudasnm Gusssua)

AMNIGH Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
84.78 89.98 89.79 89.85 90.22 84.16 85.06
84.92 90.55 90.55 90.44 90.61 85.63 86.42
114.96 95.49 98.34 95.77 93.52 99.51 100.34
77.75 88.85 88.34 88.67 89.42 81.31 82.47
87.27 96.51 100.31 96.91 94.02 102.66 103.85
124.65 94.35 96.32 94.52 92.92 96.13 96.73
86.04 93.96 95.65 94.08 92.70 94.98 95.54
90.00 95.38 98.13 95.64 93.46 99.17 99.96
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A ~ 3 Ao Y ° ' o 3 Aq Y a
131N 4.7 L‘]riEJ‘]JW]EJ‘]J?]'JWJL“J'J'VW]']H'JmllﬂeU@QLLUUi]'lﬁ@\“l@]'l\? 9 ﬂﬂﬂ')'lllﬁ')ﬂslclﬁ]ﬁﬁ

2 i D4 da 4
TUNUNANBIVDIDUUBIIN 2 NN TaNATN 4 - 8

n lawasi 4 — 8 NAauulaINIMgNeUUINa Ing (Furga)

AMWIG7 Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
77.24 84.90 76.43 76.54 77.46 78.09 78.36
72.22 83.93 75.12 75.44 76.63 77.05 77.04
78.02 78.91 69.41 69.96 71.71 71.86 71.26
63.43 72.69 63.99 63.74 64.44 65.92 65.78
75.93 79.54 70.05 70.63 72.38 72.49 71.91
62.01 68.90 61.26 60.21 59.55 62.54 63.02
62.05 69.49 61.67 60.75 60.34 63.06 63.43
61.92 67.45 60.30 5891 57.63 61.29 62.05

Alamast 4 - 8 Renuuiasamjsgneruuianin g (Susssua)

GRRHIES Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
110.00 91.67 88.92 84.72 81.95 91.72 92.50
65.75 83.71 74.83 75.18 76.43 64.61 64.93
91.03 92.45 90.98 85.72 82.31 94.93 96.55
80.00 90.63 86.44 83.41 81.42 87.61 87.66
71.11 85.94 77.93 77.74 78.30 71.28 70.99
71.27 85.68 77.54 77.44 78.09 70.47 70.23
70.91 86.25 78.40 78.11 78.54 72.27 71.91
84.71 91.15 87.64 84.06 81.69 89.64 90.01
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A ~ 3 Ao Y ° ' o 3 Aq Y a
131N 4.7 L‘]riEJ‘]JW]EJ‘]Jﬂ'JﬂJLi'J'V]ﬂ']u'JmllﬂeU'BQLLUUi]'lﬁ@\“l@]'l\i 9 ﬂﬂﬂ’)'lllﬁ')ﬂslclﬁ]ﬁﬁ

L A= " A Aa A '
TuNuNARYIVDIDUNEI9N 2 NN Tawash 4 — 8 (A0)

n lawasi 4 — 8 Negnenuurana lugiiaouulnsnn (Turga)

A7 Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
77.71 89.13 82.75 83.67 85.42 76.22 76.11
64.52 78.83 70.22 71.93 75.39 71.43 71.36
75.97 75.22 66.83 68.22 71.29 69.82 70.07
78.47 79.24 70.62 72.36 75.83 71.61 71.51
60.77 64.80 58.76 58.54 58.54 65.39 67.01
73.27 75.26 66.86 68.26 71.33 69.84 70.09
85.54 92.62 88.54 88.06 88.08 77.91 78.31
65.90 91.68 86.87 86.86 87.41 77.46 77.68

Alamast 4 - 8 Rrgnenuuieandnnlngjaauuiasnm Susssua)

AN Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
86.40 94.81 92.84 90.94 89.52 95.30 95.26
77.35 91.89 87.23 87.12 87.56 85.63 85.70
92.00 97.65 99.53 94.81 91.11 105.74 106.67
113.68 98.21 101.07 95.60 91.39 107.97 109.30
80.00 90.55 84.97 85.43 86.55 81.53 81.85
77.81 88.28 81.49 82.63 84.71 75.03 7591
114.17 97.31 98.65 94.33 90.93 104.43 105.16
11091 94.01 91.21 89.88 89.02 92.56 92.48
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A ~ 3 Ao Y ° ' o 3 Aq Y a
M3 1N 4.8 L‘]riEJ‘]JW]EJ‘]Jﬂ'JﬂJLi'J'V]ﬂ']u'JmllﬂeU'BQLLUUi]'lﬁ@\“l@]'l\i 9 ﬂﬂﬂ’)'lllﬁ')ﬂslclﬁ]ﬁﬁ

2 i Vo4 da 4
TUNUNANBIVDIDUUYIN 3 AN Jauash 8 - 12

Alawasi 8 — 12 NeauulasnmgneuuInam Ina (Tuvga)

A7 Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
85.09 92.50 93.81 91.44 88.60 80.93 84.86
76.98 83.92 79.17 82.09 84.35 75.26 75.03
77.04 83.52 78.65 81.68 84.10 75.00 74.68
59.10 51.93 53.32 5491 56.24 57.39 57.66
61.22 66.02 61.96 65.55 70.19 64.67 63.46
61.05 59.66 57.73 60.51 64.04 61.27 60.62
59.14 49.66 52.15 53.36 53.92 56.29 56.87
61.56 74.38 68.72 72.81 77.52 69.41 68.00

Alawast 8 - 12 Arauuiinsnnagnenuursaninnna) (usssuai)

AN Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
80.00 93.47 96.06 92.56 88.95 99.60 99.78
120.00 96.09 103.29 95.66 89.77 107.45 110.02
80.00 86.31 82.54 84.59 85.72 81.00 80.64
74.29 82.73 77.63 80.87 83.60 73.04 73.70
93.66 95.68 102.03 95.17 89.66 106.19 108.24
120.00 93.55 96.25 92.65 88.98 99.83 100.06
104.00 93.07 95.11 92.10 88.81 98.47 98.44
74.07 83.52 78.65 81.68 84.10 74.74 75.14
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A ~ 3 Ao Y ° ' o 3 Aq Y a
M3 1N 4.8 L‘]riEJ‘]JW]EJ‘]J?]'JWJL“J'J'VW]']H'JmllﬂeU@QLLUUi]'lﬁ@\“l@]'l\? 9 ﬂﬂﬂ')'lllﬁ')ﬂslclﬁ]ﬁﬁ

L A= A Aa A '
TunuNAnY VDI UNY9N 3 NN Tawash 8 — 12 (a)

A lawasi 8 — 12 Negneuurana Mo uulnsnn (Turga)

AMIG7 Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
71.35 83.28 81.38 82.34 82.38 78.02 78.70
77.65 79.07 75.84 77.88 79.49 74.83 74.49
74.89 71.83 68.71 70.78 73.21 69.66 69.07
73.80 69.28 66.67 68.44 70.68 67.93 67.52
58.53 52.62 56.60 54.92 51.78 57.61 59.86
59.06 62.64 62.10 62.69 63.49 63.62 64.04
75.88 76.36 72.90 75.15 77.32 72.86 72.25
61.08 67.10 65.06 66.49 68.39 66.48 66.29

Alawast 8 - 12 Argnenumanam lajjsnuuiiagnn (Fusssuai)

GRRHIES Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
92.63 87.42 88.64 86.96 84.58 91.06 91.35
85.97 83.08 81.07 82.11 82.25 79.11 79.39
92.31 87.14 88.07 86.64 84.45 90.25 90.45
99.39 88.81 91.74 88.57 85.17 95.27 96.26
71.67 86.55 86.89 85.96 84.17 88.52 88.59
89.76 84.30 82.96 83.45 82.98 82.31 82.37
70.11 81.48 78.84 80.40 81.22 75.12 75.85
92.00 86.86 87.51 86.32 84.32 89.44 89.57
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A ~ 3 Ao Y ° ' o 3 Aq Y a
M13 19N 4.9 L‘]riEJ‘]JW]EJ‘]J?]'JWJL“J'J'VW]']H'JmllﬂeU@QLLUUi]'lﬁ@\“l@]'l\? 9 ﬂﬂﬂ')'lllﬁ')ﬂslclﬁ]ﬁﬁ

2 i D4 da 4
TUNUNANBIVDIDUUYIIN 4 A TaWATN 12 - 16

Alawasi 12 — 16 NeauulasMwagneuunana lug (Funga)

AMIG7 Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
97.50 81.71 88.28 82.14 77.10 81.49 91.09
75.33 76.23 75.10 75.83 74.89 75.29 77.05
56.28 54.77 53.31 55.51 56.39 55.28 53.85
57.78 69.44 65.54 68.70 70.49 68.28 66.87
52.28 57.14 54.86 57.45 58.96 57.20 55.50
57.45 55.69 53.90 56.25 57.39 56.02 54.48
54.19 45.38 48.08 48.41 45.73 48.28 48.28
62.12 68.52 64.53 67.79 69.77 67.39 65.79

Alawast 12 - 16 Aimauudasmmjsenouuisndinluy (Gusssuan)

GRRHIES Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
91.91 78.77 80.21 78.69 76.07 80.01 80.31
63.85 77.29 77.10 77.02 75.42 76.17 76.37
75.65 80.09 83.46 80.22 76.58 83.63 84.43
75.25 76.41 75.43 76.04 74.98 73.96 74.26
91.85 78.72 80.09 78.63 76.05 79.88 80.17
65.71 73.56 70.82 72.95 73.37 67.26 68.41
74.04 78.77 80.21 78.69 76.07 80.01 80.31
80.00 76.31 75.25 75.93 74.93 73.72 74.03
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L A= v A Aa A '
TunuNAn VDI UNYI9N 4 N0 Tawash 12 — 16 (Av)

N lawasi 12 - 16 NAgneuuImIa Tuaanuulasnw (Fumgn)

AMIG7 Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
58.33 68.28 61.28 66.75 70.29 58.67 58.31
54.07 70.61 63.80 69.15 71.73 59.83 59.80
46.67 48.40 47.34 49.39 53.33 49.66 50.04
40.00 30.58 3991 37.71 35.57 42.77 45.63
58.87 58.85 53.47 57.87 63.10 54.21 53.67
57.39 50.05 48.19 50.64 54.95 50.35 50.54
61.32 62.98 56.52 61.60 66.49 56.12 55.48
54.17 66.61 59.66 65.09 69.17 57.86 57.35

Alawast 12 - 16 AingnenursnannInajsauuiosnm (Fusssuan)

GRRHIES Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
75.56 79.51 78.15 79.14 75.71 79.93 78.82
93.18 81.32 82.94 81.34 76.20 85.11 84.46
77.14 82.23 85.85 82.46 76.40 87.83 87.88
95.00 84.23 94.37 85.00 76.74 94.16 97.92
96.84 82.78 87.85 83.15 76.51 89.52 90.24
72.41 80.03 79.39 79.76 75.86 81.37 80.28
66.74 73.31 67.17 72.04 73.20 64.43 65.89
93.33 81.40 83.18 81.44 76.22 85.35 84.73
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Alawasi 16 - 21 NADUUTATNNINIULHIHA WY (Tunga)

ANUGD Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
69.60 86.11 85.51 84.44 82.75 67.14 69.11
56.00 66.67 61.00 63.08 68.86 58.17 57.11
52.28 51.31 50.39 50.10 53.53 51.95 51.91
50.00 43.64 46.29 44.65 45.56 49.09 49.91
52.23 50.10 49.70 49.20 52.27 51.49 51.58
54.99 60.09 55.96 57.16 62.54 55.42 54.64
51.09 48.89 49.03 48.31 51.00 51.03 51.25
56.10 65.83 60.31 62.30 68.09 57.82 56.77

Alawast 16 - 21 frauudasnmjenouuisndnluy (Fusssuan)

ANUGD Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
56.76 72.59 66.48 68.94 74.00 65.56 68.01
110.29 90.56 96.31 90.26 84.48 100.03 101.14
82.89 89.44 93.20 88.77 84.10 97.45 97.68
91.58 84.92 83.21 82.95 82.18 87.61 86.59
83.57 80.56 76.09 77.69 79.74 79.06 78.68
90.52 83.89 81.36 81.67 81.65 85.51 84.53
75.00 73.97 67.92 70.38 75.10 67.72 69.61
90.41 88.41 90.59 87.41 83.72 95.11 94.78
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L A= v oA da A '
TununAnIveI U7 5 A0 Tawash 16 - 21 (Av)

Alawasi 16 - 21 NAgNaUUHITIA MR UUNATNIN (Tugn)

A7 Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
62.26 79.27 73.09 75.39 78.01 60.57 61.32
58.03 75.68 68.73 71.72 75.58 59.31 59.49
60.00 74.91 67.86 70.95 75.02 59.04 59.12
55.81 64.49 58.08 61.34 66.52 55.51 55.00
60.00 39.08 42.38 43.03 42.39 47.78 48.38
41.24 31.87 39.06 38.91 35.82 45.79 46.98
48.32 49.71 48.01 49.91 52.60 50.87 50.75
46.59 51.57 49.12 51.23 54.41 51.44 51.22

Alawast 16 - 21 fngnenursnannlnajsouuiosnm (Fusssuan)

AN Greenshields Greenberg Underwood Northwestern Edie-Low Edie-Jam
128.57 96.73 114.36 96.20 85.42 117.84 120.93
112.50 95.83 110.22 95.01 85.24 113.73 115.20
87.50 92.25 97.65 90.37 84.30 98.69 97.80
87.93 88.16 87.64 85.35 82.78 83.92 83.94
67.31 85.53 82.60 82.29 81.58 75.64 76.96
85.00 89.57 90.73 87.05 83.35 88.73 88.22
100.00 87.26 85.82 84.29 82.39 80.99 81.43
93.98 92.38 98.02 90.54 84.34 99.19 98.31

4.1.4 MIIA1ZTi Goodness of Fit

o a < o 1 o o 4 1 < [
NMNITUATICHATUIUHIA R2 NANUFAUNUTILHINAINLTI (w) NU

AUH UL (k) U994 UUI1049  Greenshields, Greenberg, Underwood, Northwesternttae
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Edie Lﬁ@i‘ﬁﬂiWUﬂ'ﬂﬂJLﬁll1$ﬁ'3JLLﬁ$1J3$ﬁﬂ‘ﬁﬂ1wﬁluﬂ1iﬁlﬂ31$ﬁeﬁ}@y’aﬂlleL‘U‘U%Rﬁ)\WHQ 9
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AUUFN 1 1az 2 FUoUUIIIA 4 F0I95195

2

FNOUU u R

Greenshields | Greeberg | Underwood | Northwestern | Edie-Low | Edie-Jam
M-K-S 1 72-76 0.256 0.252 0.257 0.26 0.257 0.252
M-K-W1 | 76-98 0.766 0.772 0.79 0.783 0.79 0.772
K-M-S 1 62-84 0.912 0.832 0.888 0.946 0.888 0.832
K-M-W1 | 78-125 0.255 0.234 0.287 0.306 0.287 0.234
M-K-S 2 62-78 0.8 0.755 0.812 0.838 0.812 0.755
M-K-W 2 66-110 0.7 0.712 0.766 0.748 0.766 0.712
K-M-S 2 61-86 0.275 0.239 0.274 0.313 0.274 0.239
K-M-W 2 77-114 0.567 0.568 0.593 0.583 0.593 0.568

DUUFA 3, 4 Az 5 HuouUILIA 2 ¥0995195
FNOUU u R’

Greenshields | Greeberg | Underwood | Northwestern | Edie-Low | Edie-Jam
M-K-S 3 59-85 0.827 0.915 0.838 0.723 0.838 0.915
M-K-W 3 74-120 0.567 0.568 0.607 0.598 0.607 0.568
K-M-S 3 59-78 0.632 0.553 0.644 0.661 0.644 0.553
K-M-W 3 70-99 0.424 0.429 0.404 0.404 0.404 0.429
M-K-S 4 52-98 0.674 0.877 0.712 0.525 0.712 0.877
M-K-W 4 64-92 0.25 0.231 0.26 0.272 0.26 0.231
K-M-S 4 40-61 0.584 0.457 0.619 0.71 0.619 0.457
K-M-W 4 67-97 0.587 0.612 0.617 0.551 0.617 0.612
M-K-S 5 50-70 0.921 0.99 0.943 0.836 0.943 0.99
M-K-W 5 57-110 0.693 0.659 0.7 0.734 0.7 0.659
K-M-S 5 41-62 0.495 0.512 0.505 0.485 0.505 0.512
K-M-W 5 67-129 0.68 0.731 0.672 0.634 0.672 0.731

WInema M Avauuiiamn K Avgnenuunemannlng S Aotunga W AndusIIue

LENRLIN ﬁaéﬁamuu

FINVI1A1 R® U991 U31899 Underwood N1 Edie-Low NAUNINULAL HUUF1AD

Greenberg N1 Edie-Jam WA UMY 1109910 @UAITUUVT100909 Edie-Low 4ag Edie-Jam

I A A o Y 1 = g’/ ::9’ Y o 1 Aa o 1
WuaumsnIAInINMyuuaNILa? Lmﬁluﬂﬁﬁﬂfﬂ1?15@u"lﬂﬂ1ﬂﬁ?ﬂﬂ1w151m¢l®iﬁlﬂu uaggﬂ

ANNITVBAUVTIA0Y Edie-Low 11U UAUUaun150311UT1099 Underwood dau31)

AUNTVOWV U104 Edie-Tam tillounngilaunisvoaunusians Greenberg 391aa1 R’

AU
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4.1.5 M5INTHYoYANORHIUWIONTINS 11HagIga (Maximum flow)
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8R31N15 1118 gega (Maximum  flow) @1sad1uIsn lainnisunua

ANNHILUUIMIzaN (k) Tuaunsn 2-2, 2-10, 2-11, 2-12 4Az@NN13909 Edie 11310

1 a J o . o ' < {
ATNITIUNDT (I1NNT1TNT Regression) ﬁ]g“I/I']ah’si')ﬂﬁTUﬂ'lﬂ'NllliﬂﬁlﬁlﬂzﬁiJ (u,) VO3

HUUTIA0IAN 9 TIAWITOMUIUNIOATING 1Hagega (Maximum flow) T@arnaunish

2-9 AaNUAAIAIBATING 1MagIga (Maximum flow) YOIVUTIAOIAN 9 AIA1TNA 4.12

A13197 4.12 ABATIMS Inagaga (Maximum flow) Afa ldveansiaesais

' { g '
ﬂuuﬂﬂ\iﬁ 1uag 2 L‘]Juﬂuu"’llu’]ﬂ 4 ¥D395199

FROUU | u q,,

Greenshields | Greeberg | Underwood | Northwestern | Edie-Low | Edie-Jam
M-K-S 1 72-76 1810 1510 5403 1824 5403 1510
M-K-W 1 | 76-98 391 401 1064 657 1064 401
K-M-S 1 62-84 747 565 1954 1201 1954 565
K-M-W 1 | 78-125 372 379 1001 647 1001 379
M-K-S2 | 62-78 535 458 1399 853 1399 458
M-K-W 2 | 66-110 249 261 649 437 649 261
K-M-S2 | 61-86 887 764 2475 1203 2475 764
K-M-W 2 | 77-114 339 340 900 603 900 340

DUUFA 3, 4 1Az 5 HUDUUILIA 2 ¥0995195

FROUU | u Gy

Greenshields | Greeberg | Underwood | Northwestern | Edie-Low | Edie-Jam
M-K-S3 | 59-85 1034 597 2762 1710 2762 597
M-K-W 3 | 74-120 512 457 1372 900 1372 457
K-M-S3 | 59-78 1299 691 3394 2019 3394 691
K-M-W 3 | 70-99 594 501 1587 1005 1587 501
M-K-S 4 52-98 707 465 1861 1259 1861 465
M-K-W 4 | 64-92 387 393 1024 633 1024 393
K-M-S 4 40-61 1234 582 2924 1795 2924 582
K-M-W 4 | 67-97 445 444 1208 762 1208 444
M-K-S5 | 50-70 553 448 1440 863 1440 448
M-K-W 5 | 57-110 329 354 849 554 849 354
K-M-S 5 41-62 845 497 2057 1243 2057 497
K-M-W5 | 67-129 292 320 786 516 786 320
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Multilane highway AMUKHUIUY (Density)
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Freeway: Ramp ANURUULUY (Density)

Freeway: Weaving ANNGY (Speed)
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36 0 2 3 4
37 3 5 4 4
32 3 1 4 4
41 1 1 3 4
23 3 0 4 3
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magam“lmnﬂmifmnimmﬁumhﬂnmﬂ%ﬂuuu (Manual CountS)

9

o a4 a A
VOYAYIAA15IIN 1 nlawash 4

95

nanaganihggnonuuenan Ing)
naMimMsdae T09NTOIUBUA T00UA TOUITNAUALIONIS
07.00-08.00 1. 103 213 23
08.00-09.00 1. 90 404 44
09.00-10.00 u. 73 547 35
10.00-11.00 u. 63 735 75
11.00-12.00 1. 58 830 45
12.00-13.00 U. 73 920 35
13.00-14.00 u. 105 929 51
14.00-15.00 . 49 958 38
15.00-16.00 1. 55 960 35
16.00-17.00 U. 82 820 24
17.00-18.00 1. 75 764 18
18.00-19.00 1. 68 598 24
namaanihigouuiiasnn
naimMsdae TO9NTOIUBUA T00UA TOUTINAUALIONIS
07.00-08.00 1. 60 157 20
08.00-09.00 1. 61 252 31
09.00-10.00 u. 47 377 36
10.00-11.00 . 49 478 23
11.00-12.00 1. 68 570 26
12.00-13.00 u. 49 569 36
13.00-14.00 u. 58 640 31
14.00-15.00 1. 63 626 47
15.00-16.00 U. 60 661 37
16.00-17.00 U. 85 675 39
17.00-18.00 1. 156 651 23
18.00-19.00 1. 69 607 19
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wamajanihggneruuvsnam Ing)
nafimmsdsn s9NTUOUA sooud | s0UsINALAZTDNIS
07.00-08.00 1. 46 138 15
08.00-09.00 1. 49 340 33
09.00-10.00 u. 53 550 35
10.00-11.00 . 40 655 51
11.00-12.00 1. 36 725 57
12.00-13.00 U. 37 820 35
13.00-14.00 u. 36 828 45
14.00-15.00 . 85 972 24
15.00-16.00 1. 27 891 29
16.00-17.00 U. 34 702 29
17.00-18.00 1. 61 684 13
18.00-19.00 1. 44 657 19
amafaniigouuiiagnn
naMimMsdag F0INTOIUIUA s0OUd | 50UTINALAZTONAS
07.00-08.00 1. 43 127 15
08.00-09.00 U. 38 185 31
09.00-10.00 u. 26 313 44
10.00-11.00 . 35 396 16
11.00-12.00 1. 34 508 23
12.00-13.00 U. 17 513 36
13.00-14.00 u. 43 576 28
14.00-15.00 . 39 563 32
15.00-16.00 U. 49 622 26
16.00-17.00 U. 44 632 27
17.00-18.00 1. 67 720 21
18.00-19.00 1. 54 631 20
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wamajanihggneruuvsnam Ing)
nafimmsdsn s9NTUOUA sooud | s0UsINALAZIDNIS
07.00-08.00 1. 50 136 19
08.00-09.00 1. 68 315 21
09.00-10.00 u. 50 517 37
10.00-11.00 . 48 581 30
11.00-12.00 1. 53 673 58
12.00-13.00 U. 46 788 34
13.00-14.00 u. 64 786 45
14.00-15.00 . 39 874 34
15.00-16.00 1. 34 937 24
16.00-17.00 U. 63 802 27
17.00-18.00 1. 104 676 19
18.00-19.00 1. 64 472 14
amafaniigouuiiagnn
naMimMsdag F0INTOIUIUA s0OUd | 50UTINALAZTONAS
07.00-08.00 1. 69 154 16
08.00-09.00 U. 96 223 35
09.00-10.00 u. 62 306 38
10.00-11.00 . 63 398 29
11.00-12.00 1. 38 507 27
12.00-13.00 U. 31 595 41
13.00-14.00 u. 82 660 37
14.00-15.00 . 49 585 25
15.00-16.00 U. 53 596 33
16.00-17.00 U. 57 601 38
17.00-18.00 1. 58 701 23
18.00-19.00 1. 55 606 15
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wamajanihggneruuvsnam Ing)
nafimmsdsn s9NTUOUA sooud | s0UsINALAZIDNIS
07.00-08.00 1. 83 106 9
08.00-09.00 1. 80 224 9
09.00-10.00 u. 42 284 16
10.00-11.00 . 46 319 17
11.00-12.00 1. 50 372 18
12.00-13.00 U. 37 506 28
13.00-14.00 u. 45 608 18
14.00-15.00 . 45 687 21
15.00-16.00 1. 38 754 15
16.00-17.00 U. 68 579 15
17.00-18.00 1. 89 554 9
18.00-19.00 1. 59 418 2
namapaniigouuiiagnn
naMimMsdag F0INTOIUIUA s0OUd | 50UTINALAZTONAS
07.00-08.00 1. 46 102 10
08.00-09.00 U. 49 131 14
09.00-10.00 u. 53 227 17
10.00-11.00 . 49 303 9
11.00-12.00 1. 51 379 15
12.00-13.00 U. 57 416 12
13.00-14.00 u. 41 433 13
14.00-15.00 . 39 419 12
15.00-16.00 U. 58 468 22
16.00-17.00 U. 55 452 20
17.00-18.00 1. 91 501 8
18.00-19.00 1. 83 420 3




99

o ] o @ 9 {y ¥ 9
m’E)EJNﬂﬁﬂm’memmimﬁllwa (Flow) mﬂmmgjaﬁllﬂmﬂmimi’mmﬂﬁumiﬂﬂ
an A4 A . .
1M INAOUNUDITO (Moving Vehicles Method)

NTUNIT

60(M;+0,-P,))

! T, +T,
_ 60(38+2-1)
! 3+4

V. =334 A/ Tuy/se9n N
S ° a A . 9 Ay v
A0ENMIMUIUNITZIZIIAINTIAUNUNAY (Average Travel Time) 1INToyah Ia
NAMITsnnauIn IaedFn15AaeUNYe9Ia (Moving Vehicles Method)

NNTUNIT

7 g %0, =P
Vn
T - 5.602=D
334
T, = 282w

= 9

§19619MIMUIUNITLELIAINTIAUNINNAY (Space Mean Speed) Mndoyad 14
’1]1ﬂfnif?hi')ﬂﬂ1ﬂﬁu’]MI@&%ﬂWﬁLﬂéﬂUﬁmﬂﬂﬁﬂ (Moving Vehicles Method)
NTUNIT
SMS = 60 x (3282N13/ Average Travel Time)

SMS=60x (4/2.82)

SMS = 85.09 A 1amas/4 T4
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A19019NTAUINMIANNHUILUY (Density) fn1neﬂ’agaﬁ”lﬁ’mﬂmi??ﬁnmﬂﬁum
Tag3Em3inaoufivesn (Moving Vehicles Method)
AINAUNT
q=uxk
k=q/u
k=1334/85.09
k = 4 A1/0 Taas/Fean19
F29619MIMUIUMAININADSVBUIUVTIADIAN mﬂ%yaﬁ"lﬁ’mﬂmiﬁﬁn
nnauuTaeTsmInasuiuedsn (Moving Vehicles Method)
WIAIMNIITIAOS DD T1A0UDT Greenberg VBIDULFI 1 Tusssuaiamajanih

deneruuremnaiilvn)

NN u=uy,Ink-u,Ink

A=u,lnk
B=-uy,
u(y) k Ink(x,) XY, X2
97.8 3 1.034074 101.1094 1.069309
83.1 3 1.178655 97.9190 1.389228
87.3 3 1.011601 88.2852 1.023336
93.6 3 1.077559 100.8779 1.161133
90.2 3 1.077559 97.2096 1.161133
77.8 5 1.515127 117.8802 2.295611
82.5 4 1.370546 113.1244 1.878396
75.7 5 1.531476 115.8955 2.345420
2 = 687.974771 2=10 2 =832 z=12
;= 85.996846 X = 1.224575
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B =(2xy,— (I/mXZx2y) / (2x, - (1/n)(Xx,)")

=-31.12628

A= y- xB
=124.11331
v & a ] v Aa ]
WU u,=3113 dlawas/a T uaz k= 53.92 Aw/N lamns/50an1a
@ 1 o Y] v 7 1 <3 Y] [
$29819N13AIUIUHT R. 1INANUFUWUTIZTHINAMINIGD (0) DUANUHUIUY (k)
° ' 9 AN ¥ ° an A ~
YOIUVVTIABIAN 9 1INToYaN 1A9INNITd159maauInIasdiTnIsindouivedsn
(Moving Vehicles Method)
1 @ o J [ <3 [ 1 o
1A R:91ANNFUNUTIEHINANYIE (u) AUANNHUIUY (K) VDIUDUTIaDY

¥4 Greenberg Y940UUFIIN 1 TUFTINAMANIGBHINGgNeunraanai I

uy) Y | -y G- 2 | | K v
97.77778 92 35.15997 138.790344 31 54 | 85.99685
83.07692 87 2.04292 8.52595234 31 54 | 85.99685
87.27273 93 43.94471 1.62787194 31 54 | 85.99685
93.61702 91 20.94027 58.0670648 31 54 | 85.99685
90.21277 91 20.94027 17.7739775 31 54 | 85.99685

77.8022 77 81.79074 67.152266 31 54 | 85.99685
82.53968 81 20.64382 11.9519821 31 54 | 85.99685
75.67568 76 91.25429 106.526566 31 54 | 85.99685

¥ = 85.99685 Y =316717| X =410416024

R =2(Y- y2)/ 2y~ Y)*2)
R’ =316.717/410.416024

R’ =0.772
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