
 

 
 

 
 

 
 

 
 
 

 
 
 
 
 

 
 

 
 
 
 

 
 

 
 
 

 
 

111-074 -1458 
MOTC-IOT-110-PDB011 

高快速公路匝道分匯流區容量 
及服務水準分析之研究(3/3) 

-快速公路分析及容量手冊研訂 

中華民國 111年 11月 
交通部運輸研究所  

 

 
 

 
 

 
 

 
 
 

 
 
 
 
 

 
 

 
 
 
 

 
 

 
 
 

 
 

111-074 -1458 
MOTC-IOT-110-PDB011 

高快速公路匝道分匯流區容量 
及服務水準分析之研究(3/3) 

-快速公路分析及容量手冊研訂 

中華民國 111年 11月 
交通部運輸研究所  

 

 
 

 
 

 
 

 
 
 

 
 
 
 
 

 
 

 
 
 
 

 
 

 
 
 

 
 

111-074 -1458 
MOTC-IOT-110-PDB011 

高快速公路匝道分匯流區容量 
及服務水準分析之研究(3/3) 

-快速公路分析及容量手冊研訂 

中華民國 111年 11月 
交通部運輸研究所  

 

 
 

 
 

 
 

 
 
 

 
 
 
 
 

 
 

 
 
 
 

 
 

 
 
 

 
 

111-074 -1458 
MOTC-IOT-110-PDB011 

高快速公路匝道分匯流區容量 
及服務水準分析之研究(3/3) 

-快速公路分析及容量手冊研訂 

中華民國 111年 11月 
交通部運輸研究所  





 
 
 

 

111-074 -1458 
MOTC-IOT-110-PDB011 

 
 
 
 
 

 
 

 
 
 

 

 
111 11  

 
 

 
 

 

 
(3/3) 

-  



 

 

 

國家圖書館出版品預行編目(CIP)資料 

 

高快速公路匝道分匯流區容量及服務水準分析之研

究. (3/3) : 快速公路分析及容量手冊研訂/黃家

耀, 林貴璽, 廖晉毅, 陳威瑜, 李祐德, 莊宜芳, 

林佳欣, 張舜淵, 楊幼文, 歐陽恬恬, 洪瑋鍾著. 

-- 初版. -- 臺北市 : 交通部運輸研究所, 民

111.11  

 面 ;  公分  

ISBN 978-986-531-440-8 (平裝)  

 

1.CST: 公路管理 2.CST: 交通流量 

 

  557 111019934 
   

 
 

 

 

 
高快速公路匝道分匯流區容量及服務水準分析之研究(3/3)- 

快速公路分析及容量手冊研訂 

 
著  者：黃家耀、林貴璽、廖晉毅、陳威瑜、李祐德、莊宜芳、 林佳欣、 

張舜淵、楊幼文、歐陽恬恬、洪瑋鍾 

出版機關：交通部運輸研究所 

地  址：105004臺北市松山區敦化北路 240號 

網  址：www.iot.gov.tw (中文版＞數位典藏＞本所出版品) 

電  話：(02)2349-6789 

出版年月：中華民國 111年 11月 

印 刷 者：全凱數位資訊有限公司 

版(刷)次冊數：初版一刷 60冊 

本書同時登載於交通部運輸研究所網站 

定  價：420元 

    交通部運輸研究所運輸資訊組‧電話：(02)2349-6789 

    國家書店松江門市：104472臺北市中山區松江路 209號•電話：(02)2518-0207 

    五南文化廣場：400002臺中市中區中山路 6號•電話：(04)2226-0330 

GPN：1011102076    ISBN：978-986-531-440-8（平裝） 

著作財產權人：中華民國（代表機關：交通部運輸研究所） 

本著作保留所有權利，欲利用本著作全部或部分內容者，須徵求交通部運輸研究所 

書面授權。 



I 

 

交通部運輸研究所合作研究計畫出版品摘要表 

出版品名稱：高快速公路匝道分匯流區容量及服務水準分析之研究(3/3)-快速公路分析及 

                        容量手冊研訂 
國際標準書號（或叢刊號） 

ISBN 978-986-531-440-8 (平裝) 

 政府出版品統一編號 

1011102076 

運輸研究所出版品編號 

111-074-1458 

計畫編號 

110-PDB011 

本所主辦單位：運輸計畫組 

主管：張舜淵 

計畫主持人：張舜淵 

研究人員：楊幼文、歐陽恬恬、

洪瑋鍾 

聯絡電話：02-2349-6807 

傳真號碼：02-2545-0428 

合作研究單位：國立陽明交通大學 

計畫主持人：黃家耀 

研究人員：林貴璽、廖晉毅、陳威瑜、李祐

德、莊宜芳、 林佳欣 

地址：新竹市大學路 1001 號 

聯絡電話：(03)571-2121#31219 

研究期間 

自 110年 3

月 

 

至 110年 12

月 

 

關鍵詞：高速公路進口匝道、高速公路出口匝道、匯流區、分流區、容量分析、                

服務水準、非獨立匝道 

摘要：  

本所出版之「臺灣地區公路容量手冊」係為提供運輸規劃、設計及評估公路容量及

服務水準之參考，其中關於進出口匝道路段的分析方法是基於有限之現場資料訂定，已

無法滿足目前的分析需求。爰本所將修訂手冊之第五章「高速公路進口匝道路段」及第

六章「高速公路出口匝道路段」，為了完成此任務，已於民國 107年辦理「高速公路匝

道分匯流區車流特性調查之先期規劃」，釐清國內匝道分匯流區主要的類型，並於民國

108 年辦理三年期的研究工作，針對在國內出現頻率最高之進出口匝道形態進行分析，

建立高速公路主線分匯流區與匝道之容量及服務水準分析方法，並補充快速公路的分析

方式。三年期研究工作的主題分別為獨立進出口分匯流區、非獨立進出口分匯流區以及

快速公路分析及容量手冊研訂。 

本計畫為研究之第三年期，本期工作重點為歸納第一、二期所發展主線分匯流區之

容量及服務水準分析方法，修訂容量手冊第五章及第六章，並針對高速公路進、出口匝

道匯流區提出了一套包括 7個步驟的容量及服務水準分析程序，適用於高速公路獨立及

非獨立出口匝道分流區、以及運作性質接近之快速公路，並依據分析結果訂定容量與服

務水準對照表，提升容量手冊在應用上之完整性。除高、快速公路分匯流區之分析以

外，考量匝道容量值是實務單位在進行交流道建設時重要的參考依據，本計畫亦訂定 1

車道及 2車道的容量建議值，做為未來實務單位使用之參考應用。 

出版日期 頁數 定價 本 出 版 品 取 得 方 式  

 

111年 11月 

 

354  

 

420 
凡屬機密性出版品均不對外公開。普通性出版品，公營

、公益機關團體及學校可函洽本所免費贈閱；私人及私

營機關團體可按定價價購。 

備註：本研究之結論與建議不代表交通部之意見。 



II 

 

PUBLICATION ABSTRACTS OF RESEARCH PROJECTS 

INSTITUTE OF TRANSPORTATION 

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS 

TITLE: Analysis of Capacity and Service Levels of Merging and Diverging Areas for Freeways and Expressways (3/3) – Analysis 

and Revision of the Taiwan Highway Capacity Manual 

ISBN(OR ISSN) 

ISBN 978-986-531-440-8(pbk.) 

GOVERNMENT PUBLICATIONS NUMBER 

1011102076 

IOT SERIAL NUMBER 

111-074-1458 

PROJECT NUMBER 

110-PDB011 

DIVISION: Planning Division 

DIVISION DIRECTOR: Shuen-Yuan Chang 

PRINCIPAL INVESTIGATOR: Shuen-Yuan Chang 

PROJECT STAFF: Yu-Wen Yang, Tien-Tien Ou-Yang, Wei-Chung Hung  

PHONE: 886-2-2349-6808 

FAX: 886-2-2545-0428 

PROJECT  PERIOD 

 

FROM March 2021 

TO December 2021 

RESEARCH AGENCY: National Yang Ming Chiao Tung University, Taiwan 

PRINCIPAL INVESTIGATOR: Ka-Io Wong  

PROJECT STAFF: Guey-Shii Lin, Jin-Yi Liao, Wei-yu Chen, You-Te Li, Yi-Fang Zhuang, Jia-Xin Lin 

ADDRESS: 1001 Ta Hsueh Road, Hsinchu, 30010, Taiwan 

PHONE: (03)571-2121#31219 

KEY WORDS: Freeway On-ramp, Freeway Off-ramp, Merging area, Diverging Area, Capacity Analysis, Level of Service, Non-  

                          isolated Ramp 

ABSTRACT: 

The “Taiwan Highway Capacity Manual” (THCM), published by the IOT, provides important guidance in the 

planning, design, and evaluation of highway capacity and level of service. The chapters in the THCM relating to the 

for on-ramp merging areas and off-ramp diverging areas were developed based on limited onsite data collected for the 

THCM, the methodology is hence unable to meet current analysis needs. The IOT is preparing to revise Chapter 5 

"Freeway On-Ramp Sections" and Chapter 6 "Freeway Off-Ramp Sections" of the manual. To accomplish this task, 

the "Advanced Planning for Traffic Characteristics Survey of Freeway Merging and Diverging Area" was completed 

in 2018 and clarified the main types of on-ramp merging areas and off-ramp diverging areas. In 2019, the IOT 

initiated a three-year research project to analyze the most common on-ramp merging areas and off-ramp diverging 

areas in Taiwan, then establish the capacity and level of service analysis methods for merging and diverging areas for 

both freeways and expressways. The themes for the three-year research project are: isolated on-ramp merging areas 

and isolated off-ramp diverging areas, non-isolated on-ramp merging areas and non-isolated off-ramp diverging areas, 

and expressway merging and diverging areas.  

This year is the third year of the research project. The focus of this year’s work are: the classification of the 

capacity and service level analysis methods of the on-ramp merging areas and off-ramp diverging areas; amendments 

to the 5th and 6th chapters of the THCM; propose a seven-step capacity and service level analysis covering both 

expressways with similar operating nature as well as merging and diverging areas for expressways and freeways; 

lastly, analyze the results to develop capacity and service level standard references and hence improve the 

completeness of the applicability of the service manual. Apart from analyzing the merging and diverging areas of 

freeways and expressways, consideration of the on-ramp and off-ramp capacities are significant in the building of 

interchanges. The current project stipulates recommended capacity values for single-carriageway and dual-

carriageway roads as reference for actual planning in the future. 

DATE OF PUBLICATION 

 

November 2022 

NUMBER OF PAGES 

 

 354 

PRICE 

 

420 

The views expressed in this publication are not necessarily those of the Ministry of Transportation and Communications. 

                                            . 

 



III 

   

  ................................................................................................. 1 

1.1  ......................................................................................... 1 

1.2  ............................................................................. 6 

1.3  ............................................................................. 6 

  ......................................................................................... 9 

2.1 THCM  ........................................... 9 

2.2 HCM  ................................ 10 

2.3 HCM  ............................................ 13 

2.4  ................................... 20 

  ........................................................... 31 

3.1  ....................................................................................... 31 

3.2  ............................................................................... 36 

3.3  ............................................................................... 47 

3.4  ............................................................... 56 

3.5  ................................................................................... 58 

  ............................................................................... 61 

4.1  ....................................................................................... 61 

4.2  ............................................................................... 64 

4.3  ................................................................................... 74 

4.4  ................................................................................... 76 

  ........................................... 79 

5.1  ....................................................................................... 79 

5.2  ................................................................... 84 

  ......................................... 103 



IV 

6.1  ..................................................................................... 103 

6.2  ................................................................. 107 

  ................................................................................. 125 

7.1  ............................................................................................. 125 

7.2  ............................................................................................. 126 

  .................................................................................................. 129 

A  

B  

C  

D   

E  

F  

G  

H  

I     

  
  



V 

 
1.1-1  ....................................... 2 

1.1-2  ....................................... 2 

1.3-1 .................................................................................... 6 

2.1-1  ....................... 9 

2.2-1 1965 HCM  ................. 11 

2.2-2  ..................................................................... 12 

2.3-1 HCM 2016  .................. 14 

2.3-2  HCM 2016  ...................... 15 

2.4-1 SES  ............................................. 29 

3.2-1 VD  .................................................. 38 

3.2-2  ............................................. 39 

3.2-3 VD CCTV  ............................. 44 

3.3-1 2019/05 -  ................. 48 

3.3-2 2019/05  .................. 49 

3.3-3 2019/05 -  ............. 50 

3.3-4 2019/05 -  ............. 51 

3.3-5 2019/05  .............. 51 

4.2-1 VD  .......................................................... 65 

4.2-2 3 -  67 

4.2-3  ................................................. 68 

4.2-4 -  .................................................... 73 

5.2-1  ..................................................... 85 

5.2-2  ............................................................. 87 



VI 

5.2-3 VD  ..................... 88 

5.2-4 HCM 2016
 ..................................................................................................................... 92 

5.2-5 HCM 
2016  ......................................................................................... 93 

5.2-6 vF v12 PFM  ............. 94 

5.2-7 
 ..................................................................................................... 95 

5.2-8  ..................................... 97 

6.2-1  ................................................... 108 

6.2-2  ........................................................... 110 

6.2-3 VD  ................... 111 

6.2-4 HCM 2016
 ................................................................................................................... 114 

6.2-5 HCM 
2016  ....................................................................................... 115 

6.2-6 vF v12 PFD  ........... 116 

6.2-7  ................................... 119 

 
 

  



VII 

 

1.1-1  ................................................................... 5 

2.3-1 PCE  ................................ 16 

2.3-2 HCM 2016 PCE  17 

2.3-3  HCM 2016 PCE  18 

2.3-4 / /  ................... 19 

2.3-5  ..................................................... 19 

2.4-1  ......................................................... 22 

2.4-2  ......................................................... 24 

2.4-3  ......................................................... 27 

2.4-4  ......................................... 29 

3.1-1  ..................................................................... 32 

3.1-2  ................................................................. 33 

3.1-3  ......................................... 35 

3.2-1  -  ................................ 36 

3.2-2  -  .................................... 37 

3.2-3  -  .................... 37 

3.2-4 2019 D
 .............................................................................................. 40 

3.2-5  ......................................................... 41 

3.2-6 VD .......................................... 42 

3.2-7 VD .......................................... 43 

3.2-8 CCTV VD  ...................................... 45 

3.2-9 CCTV VD  ...................................... 46 



VIII 

3.2-10  ............................................................... 46 

3.2-11  ....... 47 

3.3-1 88  ........... 48 

3.3-2 66  ............................... 50 

3.3-3  ................................. 52 

3.3-4  ................................. 53 

3.3-5 80 /  .......... 54 

3.3-6 90 /  .......... 54 

3.3-7 100 /  ........ 55 

3.3-8  ............................. 56 

3.3-9  ............................. 56 

3.4-1  ............................................. 57 

3.4-2  ............................................. 58 

3.5-1  ............................................. 60 

4.1-1 1990 THCM  ............................... 61 

4.1-2 2016  ................... 62 

4.2-1  ......................................................... 72 

4.2-2  ..... 73 

4.3-1  ............................................. 74 

5.2-1 
 .......................................................................................... 90 

5.2-2 HCM 2016 LEQ  .. 92 

5.2-3 1 2 PFM  ........... 94 

5.2-4 PFM  ................................. 96 



IX 

5.2-5  ............................. 98 

5.2-6 
 ..................................................................................... 99 

5.2-7  ........................................... 100 

5.2-8  ....................................................... 102 

6.2-1 
 ....................................................................................... 113 

6.2-2 HCM 2016 LEQ  115 

6.2-3 1 2 PFD  .......... 117 

6.2-4 PFD  ................................ 118 

6.2-5  ........................... 120 

6.2-6 
 .................................................................................... 121 

6.2-7  ........................................... 122 

6.2-8  ....................................................... 124 

 

 
 

 





1 

  
1.1  

79
[1]  Transportation Research Board TRB 1985

[2]

2001
[3] 2011 [4] 2011

 

2011

 

 

1.1.1 107  

107
[5] (i)

(ii)
 

 

 

1. 

1 1
1



2 

9 1.1-1
9 1.1-2  

 

1.1-1  

 

 

1.1-2  

 

2. 1 3  314 
On-1 41.7% 1 1

1 On-5 39.8%
81.5%  



3 

3.  312 Off-1 40.7%
1 1 1 Off-2

42.0% 82.7%  

4. 8
 

 

1. 700

 

2. 
 

 

1.1.2 108 109  

108
108

1/3  - 
[6] 109

2/3  - 
[7]  

 

1. 
 (HCM 2016)  (HBS 2016)

 (THCM 2011) influence area

 

2. 6  

 

1. 
500 ~ 700



4 

 

2. 
VD

VD VD
 

 

 

1. 3  

(1) 
 

(2) 
 

(3) 
 

(4) 
 

(5) 
 

2. 4
 

 

 

1. 3

 



5 

2. 4
 

 

1.1.3 110  

( )
1.1-1  

 

 

 

1.1-1  

    
(kph) 

 
 

61  

 -  0k+000~2k+004 80  
 -  12k+006~21k+000 90  
 -  21k+000~22k+003 70  

 -  22k+003~64k+000 90  
 -  64k+000~69k+007 70  

 -  69k+007~71k+003 70  
 -  76k+001~101k+002 80  

 -  101k+002~305k+007 90  
62   -  0k+000~18k+008 80  
62   -  0k+000~5k+006 60  

64  
 -  0k+000~14k+005 80  

 -  14k+005~28k+007 70  

65  
 -  0k+000~9k+001 80  

 -  9k+001~12k+003 60  
66   - 102  0k+000~15k+005 80  



6 

102  -  15k+005~27k+002 90  

68  
 -  1k+000~16k+008 90  

 -  16k+008~23k+005 70  

72  
 -  2k+004~20k+008 90  

 -  20k+008~31k+000 80  
74   -  0k+000~39k+002 80  

76  
 -  11k+004~27k+000 90  
 -  27k+000~32k+006 80  

78   -  0k+000~43k+005 100  
82   -  8k+001~34k+007 100  

84  
 -  0k+000~32k+005 100  
 -  32k+005~37k+008 90  

86   -  0k+000~17k+009 90  
88   -  0k+000~22k+004 90  

[21] 

1.2  

1 2

 

1.3  

1.3-1  

(2018)

(1/3)  

(2019)

(2/3) -

(2020)

(3/3) -

(2021)

 

1.3-1  



7 

1 2 (108 109 )

 

1. 

 

2. 

 

3.  

4.  

5. ( )  

6. (

)  

 

 
  



8 

 

  



9 

  
2.1 THCM  

108 109
1980 2.1-1

1950
[8] 1965 1985 2000 2010 2016  ~ 

[2][9][10][11][12]

 

 

2.1-1  

 

75

80

90 100 2001 2010
 



10 

104

107 [5] 108
 1/3

[6] 109
 2/3

[7]  

108

 

109

 

HCM
HCM

 

 

2.2 HCM [2,8,9,10,11,12] 

HCM (Highway Capacity Manual) 
 

1950  (HCM 1950) 

1945 HCM 1950

 



11 

HCM 1950

 

1965  (HCM 1965) 

(1) 

(2) (3) 

HCM 1965 1
2.2-1

 

 

{

 

2.2-1 1965 HCM  

 

1 (1) Joseph Hess
1960 10

13 (2) Karl 
Moskowitz Len Newman

1 Hess
 

1985  (HCM 1985) 



12 

15

 

HCM 1965 Hess LOS A~E
Moskowitz/Newman Hess

 

1994/1997  (HCM 1994/1997) 

1994 NCHRP 3-37
2000 2010 HCM

10 15 42 16
10 341 15 1,002

5  

2.2-2 (1) 

(2) 

1,500 1
2

 

  

 

2.2-2  

2000 - 2016  (HCM 2000 - 2016) 

1994/1997 (1) 

1 2 (2) 1 2



13 

2,700 pc/h/ln 1 2 1.5
(3) 

LOS F

 

 

2.3 HCM  

1950  (HCM) 

HCM 2016

2

2
2

[13]  

HCM

HCM 1950
HCM

[13]  

HCM 2.3-1  

 



14 

 - (V) 
 - 
 - 
 - 
 - 
 - 
 -   

 FFS

MSFi

FFS 

 PHF, N, fHV , fP

 vp

MSFi

 vs. 

 

2.3-1 HCM 2016  

 

HCM
1,000 /

 

FFS = BFFS – fLW – fLC – fM – fA 

 FFS /  

BFFS /  

fLW  /  

fLC  /  

fM  /  

fA  /  



15 

60 mph FFS 85 1  3 mph

40 45 mph 7 mph 50 55 mph
5 mph  

 

•  

•  

2.3-2 HCM 2016

 

 

2.3-2 HCM 2016  

 

S = FFS vp  BP 

S = FFS -
/ 45

a
p
a

F c PF v B

c

S

BP
vp > BP 

FFS /  



16 

 45  FFS  70 /  

c  / /  

 c = 1,900 + 20 (FFS - 45)  2,300 / /
 

vp 15 /
/  

BP / / BP = 1,400 / /  

a a = 1.31 

PCE
 

(1) 2.3-1  

 

2.3-1 PCE  

 
PCE  

  
  

EHV 2.0 3.0 
 
(2) 2.3-2 2.3-3  

 

GAV = Total

Total
100R

L  

GAV  (%) 

RTotal  

LTotal   



17 

2.3-2 HCM 2016 PCE  

(70% 30% ) 

 
[12] 

  

2% 4% 5% 6% 8% 10% 15% 20% > 25%
 0.0 2.39 2.18 2.12 2.07 2.01 1.96 1.89 1.85 1.83

0.125 2.67 2.32 2.23 2.17 2.08 2.03 1.95 1.89 1.86
0.375 3.63 2.82 2.64 2.52 2.35 2.25 2.10 2.02 1.97
0.625 4.12 3.08 2.85 2.69 2.49 2.36 2.18 2.08 2.02
0.875 4.37 3.21 2.96 2.78 2.56 2.42 2.22 2.11 2.05
1.250 4.53 3.29 3.02 2.84 2.60 2.45 2.24 2.13 2.07
 1.500 4.58 3.31 3.04 2.86 2.61 2.46 2.46 2.14 2.07

0.125 2.75 2.36 2.27 2.20 2.11 2.04 1.95 1.90 1.87
0.375 4.01 3.02 2.80 2.65 2.46 2.33 2.16 2.06 2.01
0.625 4.66 3.35 3.08 2.88 2.64 2.48 2.26 2.15 2.08
0.875 4.99 3.52 3.21 3.00 2.73 2.56 2.32 2.19 2.12
1.250 5.20 3.64 3.30 3.08 2.79 2.60 2.35 2.22 2.14
 1.500 5.26 3.67 3.33 3.10 2.80 2.62 2.36 2.23 2.15

0.125 2.93 2.45 2.34 2.26 2.16 2.09 1.98 1.92 1.89
0.375 4.86 3.46 3.16 2.96 2.69 2.53 2.30 2.18 2.10
0.625 5.88 3.99 3.59 3.32 2.98 2.76 2.46 2.31 2.22
0.875 6.40 4.75 3.81 3.51 3.12 2.88 2.55 2.38 2.28
1.250 6.74 5.15 3.96 3.63 3.21 2.96 2.60 2.42 2.32
 1.500 6.83 5.27 3.99 3.66 3.24 2.98 2.62 2.44 2.33

0.125 3.13 2.56 2.43 2.21 2.13 2.01 2.01 1.95 1.91
0.375 5.88 3.99 3.59 2.98 2.76 2.46 2.46 2.31 2.22
0.625 7.35 4.75 4.22 3.39 3.10 2.71 2.71 2.51 2.39
0.875 8.11 5.15 4.54 3.60 3.27 2.83 2.83 2.61 2.47
 1.000 8.33 5.27 4.63 3.66 3.33 2.87 2.87 2.64 2.50

0.125 3.27 2.69 2.53 2.42 2.28 2.19 2.05 1.98 1.94
0.375 7.09 4.62 4.11 3.76 3.31 3.04 2.66 2.47 2.36
0.625 9.13 5.68 4.97 4.49 3.88 3.51 3.00 2.74 2.59
0.875 10.21 6.24 5.43 4.88 4.18 3.76 3.18 2.89 2.71
 1.000 10.52 6.41 5.57 5.00 4.27 3.83 3.24 2.93 2.75

0.125 3.51 2.76 2.59 2.47 2.32 2.22 2.08 2.00 1.95
0.375 7.78 4.98 4.40 4.01 3.51 3.20 2.78 2.56 2.44
0.625 10.17 6.23 5.42 4.87 4.17 3.75 3.18 2.88 2.71
0.875 11.43 6.88 5.95 5.32 4.53 4.04 3.39 3.06 2.86
 1.000 11.81 7.08 6.11 5.46 4.64 4.13 3.45 3.11 2.90

(%)

6.0

2.0

2.5

3.5

4.5

(mi)

5.5

 ( ) 
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2.3-3 HCM 2016 PCE  

 
[12] 

 

S D
 

vp =
HV

V
PHF N f  

  vp 15
/ /  

V  /  

PHF   

N   

2% 5% 10% 15% 20% > 25% 2% 5% 10% 15% 20% > 25%
 0.0 2.62 2.30 2.12 2.04 1.99 1.97 2.67 2.31 2.11 2.02 1.97 1.93

0.125 2.62 2.30 2.12 2.04 1.99 1.97 2.67 2.31 2.11 2.02 1.97 1.93
0.375 3.76 2.78 2.38 2.22 2.14 2.09 3.76 2.77 2.36 2.20 2.11 2.06
0.625 4.47 3.08 2.54 2.34 2.23 2.17 4.32 3.01 2.49 2.29 2.19 2.12
0.875 4.80 3.22 2.61 2.39 2.28 2.21 4.57 3.11 2.55 2.33 2.22 2.15
1.250 5.00 3.30 2.66 2.42 2.30 2.23 4.71 3.17 2.58 2.36 2.24 2.17
 1.500 5.04 3.32 2.67 2.43 2.31 2.23 4.74 3.19 2.59 2.36 2.24 2.17

0.125 2.62 2.30 2.12 2.04 1.99 1.97 2.67 2.31 2.11 2.02 1.97 1.93
0.375 4.11 2.93 2.46 2.28 2.19 2.13 4.10 2.92 2.44 2.26 2.16 2.10
0.625 5.04 3.32 2.67 2.43 2.31 2.23 4.84 3.23 2.61 2.38 2.26 2.18
0.875 5.48 3.51 2.77 2.50 2.36 2.28 5.17 3.37 2.69 2.43 2.30 2.22
1.250 5.73 3.61 2.83 2.54 2.40 2.31 5.36 3.45 2.73 2.47 2.33 2.24
 1.500 5.80 3.64 2.84 2.55 2.41 2.32 5.40 3.47 2.74 2.47 2.33 2.25

0.125 2.62 2.30 2.12 2.04 1.99 1.97 2.67 2.31 2.11 2.02 1.97 1.93
0.375 4.88 2.93 2.63 2.41 2.29 2.22 4.89 3.25 2.62 2.39 2.26 2.19
0.625 6.34 3.32 2.97 2.64 2.48 2.38 6.05 3.75 2.89 2.58 2.42 2.32
0.875 7.03 3.51 3.12 2.76 2.57 2.46 6.58 3.97 3.01 2.67 2.49 2.39
1.250 7.44 3.61 3.22 2.82 2.62 2.50 6.88 4.10 3.09 2.72 2.53 2.42
 1.500 7.53 3.64 3.24 2.84 2.63 2.51 6.95 4.13 3.10 2.73 2.54 2.43

0.125 2.62 2.30 2.12 2.04 1.99 1.97 2.67 2.31 2.11 2.02 1.97 1.93
0.375 5.80 3.64 2.84 2.55 2.41 2.32 5.83 3.65 2.84 2.55 2.39 2.30
0.625 7.90 4.53 3.32 2.90 2.68 2.55 7.53 4.38 3.24 2.83 2.62 2.50
0.875 8.91 4.96 3.56 3.07 2.82 2.67 8.32 4.72 3.42 2.97 2.73 2.59
 1.000 9.19 5.08 3.62 3.11 2.85 2.70 8.53 4.81 3.47 3.00 2.76 2.62

0.125 2.62 2.30 2.12 2.04 1.99 1.97 2.67 2.31 2.11 2.02 1.97 1.93
0.375 6.87 4.10 3.09 2.73 2.55 2.44 6.97 4.14 3.11 2.74 2.55 2.43
0.625 9.78 5.33 3.76 3.21 2.93 2.77 9.37 5.16 3.67 3.14 2.88 2.72
0.875 11.20 5.94 4.09 3.45 3.12 2.93 10.49 5.65 3.93 3.34 3.03 2.85
 1.000 11.60 6.11 4.18 3.51 3.17 2.97 10.80 5.78 4.01 3.39 3.08 2.89

0.125 2.62 2.30 2.12 2.04 1.99 1.97 2.67 2.31 2.11 2.02 1.97 1.93
0.375 7.48 4.36 3.23 2.73 2.63 2.51 7.64 4.43 3.26 2.85 2.64 2.51
0.625 10.87 5.79 4.01 3.39 3.08 2.89 10.45 5.63 3.92 3.33 3.03 2.85
0.875 12.54 6.51 4.40 3.67 3.30 3.08 11.78 6.20 4.24 3.56 3.22 3.01
 1.000 13.02 6.71 4.51 3.75 3.37 3.14 12.15 6.36 4.85 3.62 3.27 3.05

6.0

2.0

2.5

3.5

4.5

5.5

 
(%)

 
(mi)

30% 70%  ( ) 50% 50%  ( )
 ( ) 
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fHV  fHV =
1

1 ( 1)HV HVP E
 

PHV   

S = f (vp) 
vp S vp D = vp / S

2.3-4 2.3-5  

 

2.3-4 / /  

 
( / ) 

 
A B C D E 

70 760 1,260 1,700 2,020 2,300 
65 710 1,170 1,630 2,000 2,250 
60 660 1,080 1,550 1,980 2,200 
55 600 990 1,430 1,850 2,100 
50 550 900 1,300 1,710 2,000 
45 290 810 1,170 1,550 1,900 

 

2.3-5  

 
 

/ /  
 

A 0  D  11 
B 11 < D  18 
C 18 < D  26 
D 26 < D  35 
E 35 < D  45 
F  D > 45 

 

HCM
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2.4  

 

 

1.  

85 89
1

14
 

 

HCM 1985

1  

(1) 79 2,400 
/ / 90 100 (2)

79 90 100
v/c

 

2.  

85 88
 

 

1
1 2
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109 8 [14]

 

(1)  

(2) 
 

(3)  

60 kph 3.25 ~ 3.75 2.5
1.0  

87
[15] 84 

~ 85 10

 

1.  

(1) 2 2,050 pc/h  

(2) 3 2,200 pc/h
1,900 pc/h 2 150 pc/h  

2.  

(1) 2 60 kph 54 kph 5 kph  

(2) 3 44 ~ 58 kph 40 ~ 50 kph 

3. Vs 2.4-1   
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2.4-1  

 Vs (kph)  (%) 
A Vs  70 12 
B 67.5  Vs < 70 16 
C 65.0  Vs < 67.5 17 
D 62.5  Vs < 65.0 19 
E 58.0  Vs < 62.5 24 
F Vs < 58.0 100 

 

THCM 2001
12

4
90

[17]  

8 1

28 2 1 1
2 80 kph

 

(1) 
(2) 

(3) 
 

(1) 
(2) 

(3)  

THCM 2001
 (UTSS)  (SES) 
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1.  

(1)  &  

 7 /  

1.1287 32.9 L
sfV e  

 Vsf /  

L   

(2) SES  

 1.5 ~ 3.0 /
 

1.1289 32.9 L
tfV e  

 Vtf /  

(3) SES  

1.12 0.001887 32.9 0.68L Q
sV e e  

 Vs /  

Q / /  

2.  

(1) 1,900 ~ 1,950 / /  

 15 ~ 20  

 2.2  

 25  

c =
4.95 0.53553,600

1 ( 1)
yG N

C P E
 

 c / /  

C  

G 25  
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Ny 2 ~ 3  

P  

E  

(2) 2.4-2  

 

2.4-2  

 V /  
A V  75 
B 65  V < 75 
C 55  V < 65 
D 40  V < 55 
E 30  V < 40 
F V < 30 

 

3.  

(1)  

(2)  

A. 1,150
/ / 1,400 / /  

B.  

(3)  

A. 1,700 / /
 

B. 1,900 / /  

C. 3 1,900
/ /  

D. 1,900 / /  

4.  

(1) 0.95  
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(2) 0.65 ~ 0.70  

(3) 0.12 ~ 0.14  

(4) 48 ~ 52%  

(5)  

A. 0.5 65 kph  

B. 1.0 77 kph  

C. 2 90 kph
85 kph 7 kph  

THCM 1991
HCM 1985 76

THCM 2001 THCM 1991

HCM 1985
91

[18][19][20]  

70 kph

 

1.  

90

(1) (2) (3) 
 

2.  
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0.9 ~ 1.5

SES SES  

(1)  

(2)  

3.  

(1) SES  

A. 80 70 60 kph
2,100 1,950 1,820 / /  

B.  

 1.8  

 1.8 2,600 ~ 2,820 /  

 2.5 5,030 ~ 5,400 /  

 3.0 6,980 ~ 7,600 /  

 4.5 7,270 ~ 8,600 /  

C. 
 

(2)  

A. 
 

B.  

  

 15  

  

  

C. 2.4-3  
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2.4-3  

 /  
A 0.00 ~ 0.20 
B 0.21 ~ 0.40 
C 0.41 ~ 0.60 
D 0.61 ~ 0.80 
E 0.81 ~ 1.00 
F > 1.00 

 

SES  

91 92

SES
 

 

1.  

6 28
 

(1)  

(2)  

(3)  

(4)  

(5)  

(6)  
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2.  

SES
 

(1) 
/  

(2) 
 

3.  

(1)  

(2) 16 10 2
3 1  

(3)  

4. SES  

SES
 

(1)  

(2)  

A.  

B.  (sensitivity) 

C.  

D.  

5.  

SES
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2.4-1 SES 2.4-4 SES

 

 

2.4-1 SES  

2.4-4  

 
(kph) 

 
(pc/hr/ln) 

 
 (pc/hr/ln)  (kph) 

50 1,800 51.4 36 
60 1,900 42.2 44 
70 2,000 40.0 50 
80 2,050 35.3 58 
90 2,100 30.9 68 

3.6  
 

HTSS
 

THCM 2001  

(1) 
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(2) THCM 1990 200
THCM 2001

3 3

 

(3) THCM 2001 THCM 1990
91

 

 

1. 

 

2. 

 

3. 
92

SES
(Highway Traffic Systems Simulation Model, HTSS)

 

4.  

 

(1)  

(2) 
 

(3)  
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3 8
2/3  

3.1  

3.1.1  

15
13 1 2

656.1

 

3.1-1
15
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3.1-1  
     

 
61    1991 7   
62    2004 11 10   

62    2013 12 19   
64    2000 1 31   
65    2010 12 8   
66    2001 1 20   
68    1998 11   
72    2001 1   
74    1999 2   
76    1998 12 25   
78    2002 2 6   
82    2000 10   
84    1998 7   
86    1999 12 30   
88    2000 11 18   
 

3.1.2  

 2  2 

 2  1 

2 2

 

1 3 90
/ 100 / 110 /

60 100 /
3.1-2  
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3.1-2  

    
(kph) 

 
 

61  

 -  0k+000~2k+004 80  
 -  12k+006~21k+000 90  
 -  21k+000~22k+003 70  

 -  22k+003~64k+000 90  
 -  64k+000~69k+007 70  

 -  69k+007~71k+003 70  
 -  76k+001~101k+002 80  

 -  101k+002~305k+007 90  
62   -  0k+000~18k+008 80  
62   -  0k+000~5k+006 60  

64  
 -  0k+000~14k+005 80  

 -  14k+005~28k+007 70  

65  
 -  0k+000~9k+001 80  

 -  9k+001~12k+003 60  

66  
 - 102  0k+000~15k+005 80  

102  -  15k+005~27k+002 90  

68  
 -  1k+000~16k+008 90  

 -  16k+008~23k+005 70  

72  
 -  2k+004~20k+008 90  

 -  20k+008~31k+000 80  
74   -  0k+000~39k+002 80  

76  
 -  11k+004~27k+000 90  
 -  27k+000~32k+006 80  

78   -  0k+000~43k+005 100  
82   -  8k+001~34k+007 100  

84  
 -  0k+000~32k+005 100  
 -  32k+005~37k+008 90  

86   -  0k+000~17k+009 90  
88   -  0k+000~22k+004 90  

[21] 
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3.1.3  

[16] 2002
[17] [22]

2002 [23]  

2002 [17] Nu-Metrics NC-97

(83.7k-111.8k)

SES SES 2001
UTSS

SES
1,700 / /

1,900 / / 3
1,900 / /

1,900 / /

1,150 / /  

[23] [17]

- Q = K  U
Greenshield’s -

1,950 / / Underwood -
4.49% 0.5 750 / /

3.1-3  
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3.
1-

3 
 

 
 

 
 

 
(k

ph
) 

 
 

(
) 

 
[1

7]
 

 

(U
TS

S 
M

od
el

) 

(S
ig

na
liz

ed
 

Ex
pr

es
sw

ay
 

Si
m

ul
at

io
n,

  
SE

S)
 

 

 

 
 

(1
).8

6.
3K

 
80

 
(1

).
 

(2
).

 
(3

).
 

(4
).

 
(5

).
 

(6
).

 
(7

).
 

1.

1,
70

0
/

/
 

2.
1,

90
0

/
/

 

(2
).9

7.
4K

 
80

 

(3
).1

07
.9

K
10

8.
4K

(
=4

.4
9%

) 
80

 

(4
).9

2.
3K

(
=1

,0
00

) 
80

 

 

 
 

(1
).

87
.6

K (
=1

50
) 

80
 

(1
).

 
(2

).
 

(3
).

 
(4

).
 

1,
15

0
/

/
 

(2
).

10
3K

12
6

(
=1

50
) 

80
 

[2
3]

 

 

[1
7]

 
 

80
 

(1
)

 
(2

)
 

(3
)

 
(4

)
 

(5
)

 
(6

)
 

(7
)

 

G
re

en
sh

ie
ld

's
19

50
pc

/h
r/l

n 

 
(

4.
49

%
0.

5
) 

U
nd

er
w

oo
d

75
0p

c/
hr

/ln
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3.2  

1 2 3
4  

 

3.2.1  

Google

 

3.2-1 ~ 3.2-3  
 

3.2-1  -  

  
 
 

 

  

61   -  293.0 82 85 
62   -  18.0 11 11 

62   -  5.0 2 2 
64   -  28.0 17 16 
65   –  12.0 11 9 
66   -  27.2 13 13 
68   -  23 10 10 
72   -  31 11 11 
74   -  39.0 28 28 
76   -  22.3 11 9 
78   -  42.5 16 16 
82   -  34.7 15 15 
84   -  41.8 15 15 
86   -  20 12 13 
88   -  22.5 10 10 
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3.2-2  -  

 

 
/  

 
/  

70  80 90 100 70  80 90 100 
 5 26 62 0 4 25 65 0 
 13 54 65 39 15 52 63 39 

 

3.2-3  -  

 

 
 

 
 

0 
~ 

100 

101 
~ 

200 

201 
~ 

300  

301 
 

0 
~ 

100 

101 
~ 

200 

201 
~ 

300 

301 
 

 11 54 23 5 31 53 5 5 
 18 87 41 25 50 87 13 19 

 

3.2.2  

VD

VD
 

 (2/3) [7]

1 1 VD 
VD

2 VD VD
3.2-1  
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(a)  

 
(b)  

3.2-1 VD  

 

3.2.3  

1
2 VD  

(1) VD
2,600 / 60 / 60

/ 15

 

(2) VD
VD VD

3.2-2 IN
DN1 DN2 OUT UP1
UP2 N

 DN1  N  IN  UP2
 N  OUT

QDN1 = QN + QIN

QUP2 = QN + QOUT

QDN1 = QDN2   QUP2 = QUP1 VD  

VD VD
5%

on VD VD off
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5% 10% VD

CCTV  
 

(a)  (b)  

3.2-2  

 
3.2.4  

1.  

1
2

 

(1)  

2019 5 VD
66 88 88

66 88
88  

(2)  

[21] 87
D

3.2-4  
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3.2-4 2019 D

 

 

 
 

 

  
 

 

(PCU/ ) 

 
(LOS)  

(PCU/hr) 
 V/C 

 

LOS 

 

64

 

~  

20k+880~28k+390 
22k+100 

 2 54,798 3,876 8~9 1.02 F 

 2 58,041 3,828 7~8 1.01 F 

74

 

~  

18k+847~22k+750 
19k+400  2 47,946 3,920 17~18 0.98 E 

~  

30k+137~39k+235 
33k+200 

 2 35,806 3,822 7~8 0.96 E 

 2 32,385 3,422 17~18 0.86 D 

 
64

 

~  

20k+880~28k+390 
22k+100 

 2 50,449 3,745 8~9 0.99 E 

 2 54,164 3,654 7~8 0.96 E 

[21] 

 

3.2-5
[21]

64
64 66 88

88 66
88 88  

2.  

2019 5 3.2-5
3.2-6 3.2-7 3.2-6

88 64
64 66

DN2 VD 88
15% ~ 25% DN2 VD 3.2-7

66 88
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88 15% ~ 25%
UP1 VD   

3.2-5  

  VDID  

 

64  nfbVD-T64-E-21.61-M-LOOP  
64  nfbVD-T64-E-28.18-M-RS  

64  nfbVD-T64-W-28.18-M-RS  
64  nfbVD-T64-W-23.06-M-RS  

66  nfbVD-T66-W-19.900-M-RS  
74  nfbVD-T74-E-20.600-M-RS  

74  nfbVD-T74-E-32.974-M-RS  
88  nfbVD-T88-E-4.239-M-Loop  
88  nfbVD-T88-W-4.251-M-Loop  

 

64  nfbVD-T64-E-28.18-M-RS  
64  nfbVD-T64-W-21.13-M-RS  

66  nfbVD-T66-E-19.900-M-LOOP  
74  nfbVD-T74-E-22.638-M-RS  

74  nfbVD-T74-W-31.772-M-RS  
88  nfbVD-T88-W-4.251-M-Loop  
88  nfbVD-T88-E-6.246-M-Loop  
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3.2-6 VD  

   

64
 

 

 

64
 

 

 

66
 

 

 

88
 

 

2019/5/8 ~ 
2019/5/14 

2019/5/30 ~ 
2019/5/31 
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88
 

 

 

 

3.2-7 VD  

   

66
 

 

2019/5/1 ~ 
2019/5/31 

88
 

 

 

88
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CCTV
64 64

CCTV  

2019 5 CCTV
2021 4 21 CCTV

30 CCTV
CCTV

3.2-3  

 

(a)  (b)  

3.2-3 VD CCTV  

 

CCTV VD 3.2-8 3.2-9
3.2-8 66 88
QN+QIN CCTV  QCCTV  QDN1 QCCTV 

3.2-9 88 88
QN+QOUT  QCCTV QUP2  QCCTV 

 



45 

3.2-10
88 66

 

3.2-11
90 /  

3.2-8 CCTV VD  

  DN1  

66
 

 

 

88
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3.2-9 CCTV VD  

  UP2  

88
 

 

 

88
 

 

 

3.2-10  

  
VD VD

 
CCTV VD  

 
 

 

 

64   -  

64   -  

66     
88   -  
88     

 

66   -  
88     
88     
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3.2-11  

 
/  /  

70

 
80 90 100 

70

 
80 90 100 

 18 80 127 39 19 77 128 39 
 0 2 3 0 0 0 3 0 
 0 0 1 0 0 0 1 0 

3.3  

3.2
-

60 / 15 60 /
60 /

 

1
5

/ PCE
/ 1.0 1.6 2.0

 

3.3.1  

88 VD

 

88 VD 3.3-1
2019/05/08 2019/05/11

- 3.3-1 / 3.3-2
5 3,650 ~ 4,050 /

5 3,450 ~ 3,900 / 5
15 3,550 ~ 3,950 /
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15 3,400 ~ 3,650 / 15

3.3-2
 

3.3-1 88  

  
5  15  
/  /  /  /  

 

2019/05/08 3,564 3,823.2 3,516 3,764.8 
2019/05/09 3,744 4,065.6 3,632 3,941.6 
2019/05/10 3,360 3,652.8 3,308 3,573.6 
2019/05/13 3,888 4,072.8 3,612 3,871.2 
2019/05/14 3,792 4,082.4 3,612 3,915.2 
2019/05/30 3,708 3,919.2 3,612 3,821.6 

 3,888 4,082.4 3,632 3,941.6 
 3,676 3,936.0 3,549 3,814.7 
 3,726 3,992.4 3,612 3,846.4 

 

2019/05/11 3,216 3,494.4 3,164 3,408.8 
2019/05/12 3,744 3,900.0 3,480 3,648.8 

 3,744 3,900.0 3,480 3,648.8 
 3,480 3,697.2 3,322 3,528.8 
 3,480 3,697.2 3,322 3,528.8 

 

 
2019/05/08  

 
2019/05/11  

3.3-1 2019/05 -  
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2019/05/08  2019/05/11  

3.3-2 2019/05  

3.3.2  

66 VD

 

66 VD 3.3-2
2019/05/08 2019/05/11

- 3.3-3 -
3.3-4 / 3.3-5

5 3,000 ~ 3,750 / 5
3,050 ~ 3,700 / 15 2,950 ~ 3,350 

/ 15 2,900 ~ 3,150 / 3.3-3
3,800 ~ 

4,000 / 3,200 ~ 3,600 /
3.3-4

15  
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3.3-2 66  

  
5  15  
/  /  /  /  

 

2019/05/08 3,012 3,225.6 2,784 2,948.0 
2019/05/09 2,880 3,007.2 2,808 2,945.6 
2019/05/10 3,132 3,324.0 3,036 3,166.4 
2019/05/13 3,648 3,573.6 3,100 3,362.4 
2019/05/14 3,624 3,736.8 3,072 3,197.6 
2019/05/15 3,456 3,580.8 3,120 3,257.6 

 3,648 3,736.8 3,120 3,362.4 
 3,294 3,448.8 3,054 3,182.0 
 3,292 3,408.0 2,987 3,146.3 

 

2019/05/11 3,648 3,691.2 3,100 3,152.8 
2019/05/12 3,048 3,062.4 2,884 2,924.0 

 3,648 3,691.2 3,100 3,152.8 
 3,348 3,376.8 2,992 3,038.4 
 3,348 3,376.8 2,992 3,038.4 

 

 
2019/05/08  

 

2019/05/11  

3.3-3 2019/05 -  

 

 
2019/05/08  

 
2019/05/11  
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3.3-4 2019/05 -  

 
2019/05/08  

 
2019/05/11  

3.3-5 2019/05  

3.3.3  

2019
2020

3.3-3  

 

3.3-4  

86 88
86 86

5 15
90 / 5 3,300 /

15 3,100 / 3,350 
~ 3,900 /  

90 / 5
2,900 ~ 3,350 / 15 2,750 ~ 3,300 /

2,900 ~ 3,650 /
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3.3-3  

  
( / )   

5  
 

( / ) 

15  
 

( / ) 
86

 90 2020/10/10 
20:00 ~ 23:00 O 3,298 3,084 

86
 

90 2020/06/26 
16:00 ~ 18:00 X - - 

90 2020/10/10 
20:00 ~ 23:00 X - - 

86
 

90 2020/02/28 
07:00 ~ 12:30 X - - 

90 2020/02/29 
07:00 ~ 12:00 X - - 

90 2020/03/01 
08:00 ~ 12:00 X - - 

90 2020/04/03 
08:00 ~ 12:00 X - - 

90 2020/06/25 
07:00 ~ 12:00 X - - 

90 2020/06/26 
07:00 ~ 12:00 X - - 

90 2020/06/27 
08:00 ~ 12:00 X - - 

90 2020/10/01 
08:00 ~ 12:00 X - - 

86

 
90 2020/10/10 

18:00 ~ 20:00 X - - 

88
 90 2020/02/28 

11:00 ~ 14:00 X - - 

88
 

90 2020/02/28 
07:00 ~ 12:00 O 3,292 3,094 

90 2020/06/26 
09:00 ~ 12:00 X - - 

88

 
90 2020/04/02 

08:30 ~ 13:00 X - - 



53 

 
 

3.3-4  

 
 

( /
) 

  

5  
 

( / ) 

15  
 

( / ) 
86

 
 

90 2020/10/10 
20:30 ~ 23:00 O 3,336 3,276 

86
 

 

90 2020/02/28 
17:00 ~ 19:00 X - - 

90 2020/06/25 
15:00 ~ 18:00 X - - 

90 2020/06/26 
17:00 ~ 19:00 X - - 

90 2020/10/02 
16:00 ~ 17:30 O 2,940 2,750 

90 2020/10/10 
19:00 ~ 23:00 X - - 

86
 
 

90 2020/10/10 
14:00 ~ 20:00 X - - 

88
 
 

90 2020/02/28 
09:00 ~ 12:00 X - - 

90 2020/04/02 
09:00 ~ 12:00 X - - 

90 2020/10/09 
09:30 ~ 10:30 X - - 

 

3.3.4  

2016 [12]

8 6
6 800 / 400 / /

 80 /
62 66
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80 / 88 66
90 / 78 78

100 /
3.3-5 3.3-6 3.3-7  

3.3-5 80 /  

 
T62E - 80 /  

 
T66E - 80 /  

 

/
 

 

/
 

      
2019/05/08 85.19 87.47 84.86 2019/05/08 84.22 90.02 81.67 
2019/05/09 87.18 90.43 85.72 2019/05/09 82.35 87.95 80.31 
2019/05/10 86.15 88.65 85.86 2019/05/10 83.91 89.02 81.44 
2019/05/12 86.25 89.58 84.58 2019/05/11 83.49 87.91 80.64 
2019/05/13 87.04 88.31 86.62 2019/05/12 84.75 89.35 81.87 
2019/05/14 85.68 86.76 84.70 2019/05/13 84.52 88.78 82.31 
2019/05/15 87.60 91.54 87.05 2019/05/14 83.96 89.35 80.24 
2019/05/16 88.12 91.72 84.68 2019/05/15 84.46 90.05 81.75 

 

3.3-6 90 /  

 
T88E - 90 /  

 
T66E - 90 /  

 

/
 

 

/
 

      
2019/05/08 95.41 101.66 90.38 2019/05/08 89.39 97.47 87.65 
2019/05/09 96.15 101.47 91.46 2019/05/09 87.82 94.62 85.70 
2019/05/10 94.45 103.20 89.10 2019/05/10 88.56 96.65 87.70 
2019/05/11 93.76 99.86 87.89 2019/05/11 91.65 97.84 87.99 
2019/05/12 95.40 100.99 90.44 2019/05/12 90.75 98.51 89.38 
2019/05/13 96.49 101.57 91.62 2019/05/13 90.39 98.84 87.73 
2019/05/14 95.59 101.04 90.16 2019/05/14 91.42 98.58 90.18 
2019/05/30 95.36 100.51 90.24 2019/05/15 90.66 98.20 87.83 
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3.3-7 100 /  

 
T78E - 100 /

 

 
T78E - 100 /  

 

/
 

 

/
 

      
2019/05/08 102.42 104.52 100.96 2019/05/08 103.08 104.16 99.87 
2019/05/09 102.64 103.96 100.69 2019/05/09 102.89 103.53 100.36 
2019/05/10 102.65 103.49 101.13 2019/05/10 103.72 104.78 101.42 
2019/05/11 102.14 103.67 101.41 2019/05/11 104.37 105.05 100.44 
2019/05/12 102.61 103.68 102.21 2019/05/12 103.74 104.51 99.30 
2019/05/13 102.60 103.96 101.09 2019/05/13 101.00 102.36 99.00 
2019/05/14 102.70 103.74 101.43 2019/05/14 104.34 105.22 100.20 
2019/05/15 102.66 103.92 101.20 2019/05/15 103.28 104.73 100.84 

 

3.3-5 3.3-6 3.3-7 80
/ 84 ~ 92

/ 84 ~ 88 /
85 ~ 89 / 80 /

87 ~ 90 /
80 ~ 82 / 82 ~ 85 /
90 / 100 

~ 103 / 87 ~ 91 /
94 ~ 96 / 90 /

94 ~ 98 /
85 ~ 90 / 85 ~ 90

/ 100 /
103 ~ 105 / 100 ~ 102

/ 102 ~ 103 / 100
/ 102 ~ 105
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/ 99 ~ 101 /
102 ~ 104 /

 

5 80 /
3.3-5 90 / 90 /
3.3-6 100 / 100 /

3.3-7 105 / 3.3-8
[24] 3.3-9

90 / 10 /
100 / 5 /

 

 

3.3-8  

 
/  

 
/  

100 105 
90 100 
80 90 

 

3.3-9  

 
/  

 
/  

110 115 
100 105 
90 100 

[24] 

 

3.4  
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15
 

3.2 3.3

90 /
 

3.3-1 15
(3,814.7 / )  3,800 /  90 /

 100 /
[24] 2

3.4-1
50 / /

 

3.4-2  

3.4-1
3.4-2

 

 

3.4-1  

2  

 
/  

 
/  

 
/ /  /  

110 115 2,050 4,100 
105 110 2,000 4,000 
100 105 1,950 3,900 
90 100 1,900 3,800 

[24] 
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3.4-2  

 
/  

 
/  

2  
/ /  /  

100 105 1,950 3,900 
90 100 1,900 3,800 
80 90 1,850 3,700 

 

3.5  

 

1. 

 

2. 8
2

 

3. 90 / 5 3,650 ~ 4,050 
/ 5 3,450 ~ 3,900 / 15

3,550 ~ 3,950 / 15
3,400 ~ 3,650 / 15
3,942 / 3,815 / 3,846 /  

4. 90 / 5 3,000 ~ 3,750 
/ 5 3,050 ~ 3,700 / 15

2,950 ~ 3,350 / 15
2,900 ~ 3,150 / 15
3,362 / 3,182 / 3,146 /  

5. 
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6. 80 / 90
/ 90 / 100 /

100 / 105 /   

7. 90
/ 1,900 / / 100 /

1,950 / / 105 /
2,000 / /  

8. 
15

60
 

9. 
89%

11% 8

3.5-1
50%

20%
3.2-6 3.2-7
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3.5-1  

 
 

 

 

 

 

 

 

64

 
   

 

64     
 

66

 
   

 

88      

88     
 

66

 
    

88     
 

88     
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4.1  

1990 79 [1]

1985
 (1)

ramp-freeway junction (2) ramp roadway
4.1-1  

 2001 2011 

merge area diverge area

 
 

4.1-1 1990 THCM  

LOS 
 /  

 32 33 - 49 50 - 64 65 - 80  81 
A * * * * 700 
B * * * 700 1,050 
C * * 1,300 1,450 1,500 
D * 1,400 1,600 1,800 1,900 
E 1,450 1,700 1,900 1,950 2,000 
F      

*  
[1] 

 

HCM 1994
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F 4.1-2

 

 

4.1-2 2016  

 
/  

 
/  

 
/  

> 50 2,200 4,400 
> 40 - 50 2,100 4,200 
> 30 - 40 2,000 4,000 
> 20 - 30 1,900 3,800 

< 20 1,800 3,600 
[12] 

 

[25] [26]

 

 2
D  

 

D  

E  

2011
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79
 

(2/3)
(2/3) [7]  

1. 

 

2. 

 

3. 
 

4. 1,400 
/  

5. 

 

6. THCM 1990
1,900 /

 

7. 
 

 

 



64 

 1,900 /  3,800 /

 

 

4.2  

 

 

 

4.2.1  

 

 1 2  

  

VD

(1) (2) 
(3)  

1. VD  

VD 4.2-1(a) 
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VD
4.2-1(b) VD

VD  

VD VD
VD 1 nfbVD-N1-N-324-

I-EN-1-Loop VD 21
22 nfbVD-N1-S-327-I-WS-21-Loop nfbVD-N1-

S-327-I-ES-22-Loop  

  

(a)  (b)  

4.2-1 VD  

2.  

108
1 3

 

3.  

VD
VD

VD VD 5%
VD  

1 2 1
3 1 238 2
75 VD
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1 20 2 4
1 9 2 3  

12
5 1

- - 4.2-2
3 7:30-

9:10 58 /
17 / 4.2-

2(d) -
80 60-79 40-59 40 /

40 / 1,896 /
60-79 / 40-59 /

1,200 ~ 1,300 /
 

- 4.2-3
B



 

67 

 
(a

)
-

 
 

(b
)

-
 

 
(c

)
-

 
 

(d
)

-
 

4.
2-

2 
3

-
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(a) 1  

 
(b) 1  

 
(c) 3  

 
(d) 3  

 
(e) 3  

 
(f) 3  

4.2-3   
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(g) 1  (h) 1  

(i) 1 B (j) 1 A 

(k) 1  (l) 1  

4.2-3   
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4.2.2  

4.2-1
/ PCE /

1.0 1.6 2.0
1 1,471 

~ 1,946 /
2,251 / 2

1 2,092 / 1
2 3

40-59 / 2,750 ~ 2,856 /
2  

 1,900 / 3N
2,250 / 1S

2,850 / 1N A  

1,471 /
1,554 / 4.2-3 (b) 4.2-3(f) 

-
60-79

/ 40 /
B B-2 B-6

 

2,850 /
 3,800 /

1

3,800
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/

 

4.2-1
1S 1N 3N

VD
 

4.2-1

14
4.2-2

-
 

1S 1N
1,500 / 3N 3N 3N

1,650 ~ 1,850 /
1,800 /

3N 3N 3N
1,800 /  

1N A 2,900 ~ 3,150
/ 2,964 / 1N

4.2-1 VD -

4.2-4 1N
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4.
2-

1 
 

(1
)  

 
  

  
 

(
/

) 
  

 
 

(
) 

 
(

/
) 

 
(

/
) 

(
≥6

0
/

) 

 
(

/
) 

 
(

/
) 

(
≥6

0
/

) 

1S
 

34
2 

1 
 

50
 

X
 

28
0 

1,
51

2 
1,

23
6 

1,
55

5.
2 

1,
28

1.
6 

1N
 

32
4 

1 
 

50
 

X
 

21
0 

1,
46

4 
1,

46
4 

1,
47

1.
2 

1,
47

1.
2 

3N
 

26
 

1 
 

50
 

X
 

25
0 

1,
60

8 
1,

60
8 

1,
65

1.
2 

1,
65

1.
2 

3N
 

20
 

1 
 

60
 

X
 

26
0 

1,
89

6 
1,

80
0 

1,
94

6.
4 

1,
82

1.
6 

3N
 

50
 

1 
 

50
 

X
 

21
0 

1,
80

0 
1,

80
0 

1,
84

8.
0 

1,
84

8.
0 

3N
 

47
 

1 
 

50
 

O
 

17
0 

1,
50

0 
1,

24
8 

1,
55

4.
4 

1,
26

0.
0 

1S
 

83
 

1 
 

50
 

O
 

43
0 

2,
14

8 
2,

14
8 

2,
25

1.
2 

2,
25

1.
2 

1N
 

17
4 

1(2
)  

 
50

 
O

 
26

0 
2,

02
8 

2,
02

8 
2,

06
6.

4 
2,

04
7.

2 

1N
B

 
95

 
1(3

)  
 

60
 

X
 

29
0 

2,
06

4 
1,

89
6 

2,
09

2.
8 

1,
93

2.
0 

1N
A

 
41

 
2 

 
50

 
X

 
83

0 
2,

70
0 

2,
54

4 
2,

85
6.

0 
2,

66
4.

0 

1N
 

27
 

2 
 

50
 

X
 

26
0 

2,
74

8 
2,

59
2 

2,
85

3.
6 

2,
60

6.
4 

1S
 

91
 

2(4
)  

 
50

 
O

 
27

0 
2,

70
0 

2,
49

6 
2,

75
0.

4 
2,

61
6.

0 
(1

) 3N
1N

B
1N

A
1N

1S
20

18
/0

3
 

1N
20

18
/0

4
 

1S
1N

3N
20

18
/0

5
 

3N
1S

3N
20

19
/0

5
 

(2
)

2
2

 
(3

)
2

1
 

(4
)

2
1
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4.2-2  

\  

 
/  

 
/  

1S
 

1N
 

3N
 

3N
 

3N
 

1N
A 

1N
 

2018/05/13( ) - - - - 1,821.6 - - 
2018/05/14( ) 1,286.4 1,483.2 1,653.6 1,756.8 1,864.8 - 2,580.0 
2018/05/15( ) 1,332.0 1,526.4 1,826.4 1,682.4 1,896.0 3,033.6 2,613.6 
2018/05/16( ) 1,555.2 1,471.2 1,956.0 1,824.0 - 2,918.4 2,620.8 
2018/05/17( ) - 1,545.6 1,749.6 1,857.6 1,828.8 2,947.2 2,517.6 
2018/05/18( ) - 1,538.4 1,819.2 1,864.8 1,912.8 2,841.6 2,455.2 
2018/05/19( ) - - - - - 3,021.6 - 
2018/05/20( ) - - - - 1,867.2 - - 
2018/05/21( ) 1,507.2 1,466.4 1,740.0 1,778.4 - 2,942.4 2,532.0 
2018/05/22( ) 1,485.6 1,418.4 1,663.2 1,852.8 - 3,168.0 2,575.2 
2018/05/23( ) 1,430.4 1,574.4 1,785.6 1,886.4 - 2,937.6 2,584.8 
2018/05/24( ) 1,514.4 1,454.4 1,725.6 1,797.6 1,946.4 2,980.8 2,551.2 
2018/05/25( ) - - - 1,797.6 - 3,276.0 - 
2018/05/26( ) - - - 1,668.0 - - - 

 1,555.2 1,574.4 1,956.0 1,886.4 1,946.4 3,276.0 2,620.8 
 1,485.6 1,483.2 1,749.6 1,797.6 1,867.2 2,964.0 2,575.2 
 1,444.5 1,497.6 1,768.8 1,796.9 1,876.8 3,006.7 2,558.9 

-  

 

4.2-4 -  
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1N A
3,000 /

4.2-4 4.2-3(k) 1N 2018/03/07
 3,000 /

3,000 /  

1

2

3 2
1

4.3  

4.2 4.3-
1 1,800 /

3,000 /
3,600 /

3,000 /
3,600 /

 
 

4.3-1  

 
/  

  
 

/  

50  60 
 

1  1,800 
2  3,000 

 
1  1,800  
2  3,000  
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4.3.1  

 

 1,800 /  

 1,800 / 3,000 /
 

 3,000 /

 

4.3.2  

 

VR T
C S R L

 ܴ = ( ோܸ − (ܥ × ܮ ܵ = ܴ × ܶ 

1,300 / 1,550 /
30 7  
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 R  = (1,550 − 1,300) / × 7 /  = 1,750 
/  

L  = 1,750 /  × 0.5  =  875  

875
 

 

4.4  

 

 

1. 
 

2. 

1,650 ~ 1,850 /
2,900 ~ 

3,150 /  3,800 /  

3. 1,800 /
3,000 /  

4. 
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5. 
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5.1  

75

79 1990

HCM 1985
80

80 ~ 90

90
2001 THCM 

2001  
90

100 2011
THCM 2011

79  

2022
THCM

(1) 

(2) 

THCM
79

 
79

HCM 1985 2001



80 

1985 1994 1997
VD

 

THCM 79  

1 HCM 1985
 

1
HCM 1985 1

 

2,400
/ / 2,400

2,000
/ /

v/c
 

THCM 2001 2011  

85 89
1 3 14

 

 
HCM 1985

1  
THCM 2001 2011
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1. 100
 

2. 2/3
60

 
3.  
4. 

 
1990 79 2001/2011  

1.  

1990 2,400 / /

2,400 2001/2011
2,300 /

1,200 1,700 /  
2.  

1990 2001/2011
 (v/c)

 

THCM 2011 (1) 

(2) THCM 2011

104

107

9 1 3

108
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108 ~ 110

108
1

3 41.7%
109 110  

108 109
HCM

 
1. 

 
2. HCM 1985

 

108  
1.  

 
2.  

THCM 2011 1 3
108 1

3 4
 

3.  
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2
2

 
4.  

80 ~ 100  
5.  

109

 
1.  
2.  

1 3
4 1 3

41.7% A B 4
1 3 50.0%  

3.  
(1)  

108

 
(2)  

HCM 2010 THCM 2011
THCM

2011
 



84 

108 109

 
(3)  

108 109

 

 

5.2  

on-ramp junction
merge area
200 ~ 400  

2011 THCM 1
14 3

108
1 3 4 109

A B 4

 

2

2
 

7 5.2-1
 

1.  
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2.  

3.  

4.  

5.  

6.  

7. v/c  

 

5.2-1  
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5.2.1  

 

1. THCM 2011  

(1) 3.65  

(2) 1.0 3.0  

(3)   2%   500  

 

2.  

(1) N 

(2)  

(3) 
 > 1,000  

(4)  

N = 2 3 4

5.2-2

5.2-2
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5.2-2  

 

5.2.2  

 

1. 
 

2. 
 

3.  (PHF) 

4.  

 (PHF) 

 

 

1.  

108 10 % 



88 

109 4
VD

 (veh/hr) 

 (pc/hr)  

 (PCE) 

 < 8.0 EP 

= 1.0 8.0     13.0 ET = 1.6  > 
13.0 EC = 2.0

VD  < 5.5 5.5     12.2
 > 12.2 13.0

5.2-3 3 VD
ETC VD 5.5 

~ 8.0 13 ~ 33% 24% VD 12.2 ~ 13.0
 

 

 
FHWA  

5.2-3 VD  
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 (PCE)  

(1)  

 EP = 1.0 

 ET = 1.6 

 EC = 2.0 

(2) VD  

  < 5.5 EP = 1.0 

 5.5    12.2 ET = 1.0 

  > 12.2 EC = 2.0 

2.  

 

 VF VON  

 PHFF PHFON

 

 PT(F) PC(F)  

 PT(ON) PC(ON)  

 ET EC  

 fHV(F) 

fHV(F) =
( ) ( )

1
1 ( 1) ( 1)T T F C C FE P E P

 

 fHV(ON) 

fHV(ON) =
( ) ( )

1
1 ( 1) ( 1)T T ON C C ONE P E P

 

vF vON

VF VON ET

EC PHFF PHFON
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 vF 

vF =
HV( ) PHF

F

F F

V
f

/  

 vON 

vON =
HV( ) PHF

ON

ON ON

V
f

/  

 

5.2.3  

1.  
5.2-2

1 2

1 2  
5.2-2 108

80 ~ 100
 

2.  
THCM

5.2-1
 

5.2-1 

 

/  
/ /  

2  3  4  

115 2,050 2,000 1,950 

110 2,000 1,950 1,900 

105 1,950 1,900 1,850 

100 1,900 1,850 1,800 
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5.2.4  

 (107) 

1 3
1 3

HCM 1,500 460

3,000 910 1,000
 

108 109 

1,000
1,000

 

HCM 2000 3
 (LEQ)  (LEQ) 

HCM

6 3

5.2-4
DU DD  

(a) On-3  

(b) On-5  
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5.2-4 HCM 2016  

5.2-2 HCM 2016 LEQ

3

 

5.2-2 HCM 2016 LEQ  

  LEQ   

 
 

 LEQ = 0.065227 (vF + vR) + 0.444 LA + 10.10064 SFR - 732.434  

 
 

 LEQ =   

vx (x = D, F, R) /  LA  SFR /  

5.2-5

On-9 HCM

On-9
5.2-5 On-3 On-5

 

0.35958 0.001152
D

A

v
L
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5.2-5 HCM 
2016  

 

 (PFM) 

109 1 3

1,000
 

 > 1,000

  1,000

 

 

5.2.5  

1.  

vF 1 2 v12

1 2 PFM 5.2-6  
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5.2-6 vF v12 PFM  

5.2-6 1 2
 

v12 = vF  PFM 

 v12 1 2 /  

vF /  

PFM 

1 2  

1 2 PFM 5.2-3  

5.2-3 1 2 PFM  

 PFM  

1  

2  

3  

4  

5  

 

PFM 3 4 3
PFM  

(1) PFM 3  

vFOvF
PFM
v12

}
} }}vR12

vO }

1.00FMP

0.6260 0.000087 0.000073FM A RP L v

120.9813 ( )U U
R

FM U U
F R

v vP
v v

0.5581 0.000055 0.0000095 0.000042FM A R UP L v D

0.3263 0.000088 0.0000023FM A RP L v
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5.2-7
3  

/

VD

= vF -  

VD /  

1 2 /

1

2 5.2-3 2  

 

5.2-7 
 

 (2) PFM 4  

PFM 5.2-3 4 DU

DU

2 4 PFM

 

2. PFM  

PFM 5.2-4  

U
Fv

U
Fv U

Rv

U
Rv

12
Uv

12
Uv
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< 1.0 %
VD

 

5.2-4 PFM  

 
1 *  
2 107 1 3

 
 

5.2.6  

HCM 2016 3
5.2-8  

1.  

2.  

 

( ) P FM ( ) P FM ( ) P FM

On-1 14 (4.46%)  1 108 (34.39%)  2 9 (2.87%)  5 *

On-2 2 (0.64%)  1 3 (0.96%)  2 * 0 (0.00%)  5 *

On-3 0 (0.00%)  1 3 (0.96%)  2 * 0 (0.00%)  5 *

On-4 1 (0.32%)  1 13 (4.14%)  3 3 (0.96%)  5 *

On-5 5 (1.59%)  1 101 (32.17%)  2
 4

19 (6.05%)  5

On-6 0 (0.00%)  1 0 (0.00%)  2 *
 3 *

0 (0.00%)  5 *

On-7 0 (0.00%)  1 0 (0.00%)  2 *
 3 *

0 (0.00%)  5 *

On-8 3 (0.96%)  1 10 (3.18%)  2 *
 4 *

2 (0.64%)  5 *

On-9 0 (0.00%)  1 2 (0.64%)  2 *
 4 *

1 (0.32%)  5 *

2 3 4 
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3.  

4.  

5.2-8  

1 THCM

HCM HCM 
2016  

 1 2  

 1 2
 

 

HCM 1985
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HCM   1,000 pcphpl

8 ~ 11 /  
(1) 

(2) 

3.3.4 80 90 100
/ 3.3-5 ~ 3.3-7

 

5.2-
5 90 100 /

 

 

5.2-5  

 SL ( / ) SF ( / ) 

  80 SL + 10 

 90 100 

 100 105 

 110 115 
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5.2-6 110 THCM

THCM  

5.2-6 
 

 
(kph) 

 

(kph) 

 / 
1 

1 2  
vR12(Max) 

2 
 

2  3  4  > 4  

110 115 4,100 6,000 7,800 
1,950 
/  3,800 

105 110 4,000 5,850 7,600 
1,900 
/  3,800 

100 105 3,900 5,700 7,400 
1,850 
/  3,800 

90 100 3,800 5,550 7,200 
1,800 
/  3,800 

80 90 3,700 - - - 3,700 
1 /  
2 vR12 /  

 

4.2 4.3



100 

 

5.2-7

 (ramps)

 (loops)  

5.2-7  

(kph)    /  

50 60 

 
1  1,800 

2  3,000 

 
1  1,800   

2  3,000   

 

 

 

1. vFO (= vF + vR) 

 “ ” “ ” 

2. 1 2 vR12 (= v12 + vR) 

 “ 1 2 ” “ ”
N = 2 vR12 = vFO  

3.  

“ ” “ 1 2
”   “ N - 2” N > 2 N = 2
 

4.  
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5.2.7  

v/c
 

v/c > 1.0 v/c
1.0

v/c > 1.0

v/c > 1.0

v/c 1.0

v/c > 1.00

 

1.  

F
 

(1)  “ 1 2 vR12”  “ 1 2
vR12(Max)”  

(2)  “ vFO”  “
cF ”  

(3)  “ vO(Ave)”  “ 3
cF' ”  

(4) vR”  “
cR”  

2.  

(1) v/c
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(2) v/c THCM
5.2-8  

 

5.2-8  

 v/c 1 2 

A  0.25  

B 0.26 ~ 0.50  

C 0.51 ~ 0.80  

D 0.81 ~ 0.90   

E 0.91 ~ 1.00 
 

F > 1.00  

1 THCM  
2  
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6.1  

 

THCM 79  

1 HCM 1985
 

1
HCM 1985 1

 

2,400
/ / 2,400

2,000
/ /

v/c
 

THCM 2001 2011  

85 88
 

50  

1
1 2
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THCM 2001 2011

 
1. 100

 
2. 50 60

 
3.  
4. 

 
1990 79 2001/2011  

1.  
1990 2,400 / /

2,400  2001/2011
3, 4, 5 2,300 /
1,650 2,000 /  

2.  
 (v/c)

 

THCM 2011 (1) 

(2) THCM 2011

104

107

9 1 3

108
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108 ~ 110

108

1 3 40.7%
109 110  

108 109
HCM

 
1. 

 
2. HCM 1985

 

108  
1.  

 
2.  

85 1
0.5 ~1.0 THCM 2011

108
3

 
3.  
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2
2

 
4.  

80 ~ 100  
5.  

109

 
1.  
2.  

3
1 3 40.7%

2 1 3 46.8%
 

3.  
(1)  

108

 
(2)  

HCM 2010 THCM 2011
THCM

2011
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108 109

 
(3)  

108 109

 

6.2  

off-ramp junction diverge area
off-ramp

90 / 50 /
100 ~ 

300
 

85 1
0.5 ~1.0 2011 THCM

108
3 109

2  

2

2
 

6.2-1
 

1.  

2.  



108 

3.  

4.  

5.  

6.  

7. v/c  

 
6.2-1  
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6.2.1   

 

1. THCM 2011  

(1) 3.65  

(2) 1.0 3.0  

(3)   2%   500  

 

2.  

(1) N 

(2)  

(3) 
 > 1,000  

(4)  

N = 2 3 4

6.2-2

6.2-2
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6.2-2  

 

6.2.2  

 
1. 

 
2. 

 
3.  (PHF) 
4.  

 (PHF) 

 

 

1.  
108 10 % 

109 2
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VD

 (veh/hr) 

 (pc/hr)  
 (PCE) 

 < 8.0 EP 

= 1.0 8.0     13.0 ET = 1.6  > 
13.0 EC = 2.0

VD  < 5.5 5.5     12.2
 > 12.2 13.0

6.9 VD
 

3 VD ETC
VD 5.5 ~ 8.0 13 

~ 33% 24% VD 12.2 ~ 13.0
 

 

 
FHWA  

6.2-3 VD  
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 (PCE)  
(1)  

 EP = 1.0 

 ET = 1.6 

 EC = 2.0 
(2) VD  

  < 5.5 EP = 1.0 

 5.5    12.2 ET = 1.0 

  > 12.2 EC = 2.0 
2.  

 

 VF VOFF  

 PHFF PHFOFF

 

 PT(F) PC(F)  

 PT(OFF) PC(OFF)  

 ET EC  

 fHV(F) 

fHV(F) =
( ) ( )

1
1 ( 1) ( 1)T T F C C FE P E P

 

 fHV(OFF) 

fHV(OFF) =
( ) ( )

1
1 ( 1) ( 1)T T OFF C C OFFE P E P

 

 
vF vOFF

VF VOFF

ET EC PHFF PHFOFF

 

 vF 

vF =
HV( ) PHF

F

F F

V
f

/  
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 vOFF 

vOFF =
HV( ) PHF

OFF

OFF OFF

V
f

/  

 

6.2.3  
1.  

6.2-2
1 2

1 2  
6.2-2 108

80 ~ 100
 

2.  
THCM

6.2-1
 

6.2-1 
 

/  
/ /  

2  3  4  

115 2,050 2,000 1,950 

110 2,000 1,950 1,900 

105 1,950 1,900 1,850 

100 1,900 1,850 1,800 

 

6.2.4  

107
1 3

1 3
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HCM 1,500 460

3,000 910 1,000
 

108 109
1,000

1,000

 

HCM 2000 3
 (LEQ)  (LEQ) 

HCM

6 3

6.2-4
DU DD  

(a) Off-3  

(b) Off-4  

 

6.2-4 HCM 2016  

6.2-2 HCM 2016 LEQ
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3

 

6.2-2 HCM 2016 LEQ  

  LEQ   

 
 

 LEQ =   

 
 

 LEQ =   

vx (x = U, D, F, R) /  

 

6.2-5 

Off-7 HCM

Off-7
6.2-5 Off-3 Off-4

 

 
6.2-5 HCM 

2016  
 

 (PFD) 

0.23294 0.00007546 0.00024934
U

F R

v
v v

3.773 0.000105 0.0012106
D

F R

v
v v
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109 1 3

1,000
 

 > 1,000

  1,000

 

 

6.2.5  

1.  

vF 1 2 v12

1 2 PFD 6.2-6  

 

6.2-6 vF v12 PFD  

6.2-6 1 2
 

v12 = vR + (vF - vR)  PFD 

 v12 1 2 /  

vF /  

PFD 

1 2  

1 2 PFD 6.2-3  

vF vFO

v12
}}
} vO}

PFD

}
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6.2-3 1 2 PFD  

 PFD  

6  

7  

8  

 

2. PFD  

PFD 6.2-4  

< 1.0 %
VD

 

1.00FDP

0.6758 0.0000035 0.000208FD F RP v v

0.3912FDP
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6.2-4 PFD  

 
1  
2 107 1 3

 

6.2.6  

HCM 2016
6.2-7  

1.  
2.  
3.  
4.  
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6.2-7  

1 THCM

HCM HCM 
2016  

 1 2  

 1 2
 

 

HCM 1985
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HCM   1,000 pcphpl

 

8 ~ 11 /  
(1) 

(2) 

3.3.4 80 90 100
/ 3.3-5 ~ 3.3-7

 
6.2-

5 90 100 /
 

 

6.2-5  

 SL ( / ) SF ( / ) 

  80 SL + 10 

 90 100 

 100 105 

 110 115 

 
6.2-6 110 THCM
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THCM  

6.2-6 
 

 
(kph) 

 

(kph) 

 / 
1 

1 2  
v12(Max) 

2 
 

2  3  4  > 4  

110 115 4,100 6,000 7,800 
1,950 
/  3,650 

105 110 4,000 5,850 7,600 
1,900 
/  3,650 

100 105 3,900 5,700 7,400 
1,850 
/  3,650 

90 100 3,800 5,550 7,200 
1,800 
/  3,650 

80 90 3,700 - - - 3,650 
1 /  
2 v12 /  

 

4.3

 

6.2-7

 (ramps)  (loops)
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6.2-7  

(kph)    /  

50 60 

 
1  1,900 

2  3,800 

 
1  

 2  

 

 

 

1. vF 

 “ ” 

2. 1 2 v12 

 “ 1 2 ” “ ”
N = 2 v12 = vF  

3.  

“ ” “ 1 2
”  “ N - 2” N > 2 N = 2

 

4.  

 

 

6.2.7  

v/c
 

v/c > 1.0 v/c
1.0
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v/c > 1.0

v/c > 1.0

v/c 1.0

v/c > 1.00

 

1.  

F
 

(1)  “ 1+2 v12”  “ 1+2
v12(Max)”  

(2)  “ vF”  “
cF ”  

(3)  “ vO(Ave)”  “ 3
cF' ”  

(4) vR”  “
cR”  

2.  

(1) v/c
 

(2) v/c THCM
6.2-8  
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6.2-8  

 
v/c 1 

2 

A V/C 0.25  
B 0.25<V/C 0.50  
C 0.50<V/C 0.80  
D 0.80<V/C 0.90  
E 0.90<V/C 1.0  
F V/C >1.0  

1 THCM  
2  
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3

3
 

 

7.1  

1.  

7

F  

2.  

7

G  

3.  

 

 

4.  
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1,900 / /

 

1
1,800 / 2 3,000

/
 

7.2  

1.  

 

2.  

1 2 1,800 / 3,000 /

 

1
2 2 2

1
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3.  

-

 

v/c 

 1.00 A ~ E
1 F 1 ~ 6

 

4.  

 

5.  

 

 

6.  
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1. 79-27-160 79

10  

2. Highway Capacity Manual, Special Report 209, Transportation Research 
Board, National Research Council, Washington, D. C., 1985. 

3. 2001 90-16-1183
90 3  

4. 2011 100-132-1299
100 10  

5. 
107 12  

6. 
1/3 108 12  

7. 
2/3 109 12

 

8. Highway Capacity Manual, U.S. Department of Commerce, Bureau of Public 
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10. Highway Capacity Manual, Transportation Research Board, National 
Research Council, Washington, D. C., 2000. 
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Analysis, Transportation Research Board, National Academy of Sciences, 
Washington, D. C., 2016. 
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on Transportation and Traffic, 2014. 
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14. 
109 08  

15.  87-48-
1142 87 10  

16. 
88-14-1151 88 3  

17. -
 91-54-1192 91 06  

18. 
MOTC-IOT-91-PB01 92 4  

19. 
MOTC-IOT-92-PAB01 93 5  

20. 
MOTC-IOT-93-PBB002 94 6  

21. 
109  

22. 
93  

23. 
91  

24. 2022 111 6  

25. 110 2  

26. 
110  2  

 

 

 



A-1 

A  
      
a a = 1.31  

BFFS  /  

BP BP = 1,400 / /  
/ /

 

c  
/ /

 
cF  /  
cR  /  
cF   /  
cR   /  
C   

D vp  
/ /

 
DD     
DU     

E, EHV   
EC  (PCE)  
EP  (PCE)  
ET  (PCE)  
fA  /  
fHV   
fLW  /  
fLC  /  
fM  /  
fP   

FFS  /  
G 25   

GAV  % 
L     
LA     
LD     
LEQ HCM     

LTotal   
N, NF   



A-2 

NO   
NR   

Ny 
2 ~ 3

 
 

P , PHV   
PC(F)   

PC(OFF)   
PC(ON)   

PFD 
1

2  
 

PFM 
1 2  

 

PHF   
PHFF   

PHFOFF   
PHFON   
PT(F)   

PT(OFF)   
PT(ON)   

Q  / /  
RTotal   

S  MPH KPH 
SF  MPH KPH 
SFR  MPH KPH 
SL  /  
V  /  

v12 
1 2

 
/  

12
Uv   /  

vD  /  
VD  /  
vF  /  

U
Fv   /  

VF  /  
vFO  /  



A-3 

vO  /  

voa  
/ /

 
VOFF  /  
vOFF  /  
VON  /  
vON  /  

vp 
15

 
/ /

 
vR  /  

U
Rv   /  

VR  /  

vR12  
/  

Vs  /  
Vsf  /  
Vtf  /  
vU  /  
VU  /  

X , v/c   

 
  



A-4 

 
 



B-1 

B  
4.2 12

1 - - B-1
 

 

B-1  

  
B-1 1  
B-2 1  
B-3 3  
B-4 3  
B-5 3  
B-6 3  
B-7 1  
B-8 1  
B-9 1 B 
B-10 1 A 
B-11 1  
B-12 1  

 
  



 

B-2 

(a
)

-
 

(b
)

-
 

(c
)

-
 

(d
)

-
 

B
-1

 
1

-
 



 

B-3 

 
(a

)
-

 
 

(b
)

-
 

 
(c

)
-

 
 

(d
)

-
 

B
-2

 
1

-
 

 



 

B-4 

 
(a

)
-

 
 

(b
)

-
 

 
(c

)
-

 
 

(d
)

-
 

B
-3

 
3

-
 

 



 

B-5 

 
(a

)
-

 
 

(b
)

-
 

 
(c

)
-

 
 

(d
)

-
 

B
-4

 
3

-
 

 



 

B-6 

 
(a

)
-

 
 

(b
)

-
 

 
(c

)
-

 
 

(d
)

-
 

B
-5

 
3

-
 



 

B-7 

 
(a

)
-

 
 

(b
)

-
 

 
(c

)
-

 
 

(d
)

-
 

B
-6

 
3

-
 



 

B-8 

 
(a

)
-

 
 

(b
)

-
 

 
(c

)
-

 
 

(d
)

-
 

B
-7

 
1

-
 



 

B-9 

 
(a

)
-

 
 

(b
)

-
 

 
(c

)
-

 
 

(d
)

-
 

B
-8

 
1

-
 



 

B-10 

 
(a

)
-

 
 

(b
)

-
 

 
(c

)
-

 
 

(d
)

-
 

B
-9

 
1

B
-

 



 

B-11 

 
(a

)
-

 
 

(b
)

-
 

 
(c

)
-

 
 

(d
)

-
 

B
-1

0 
1

A
-

 



 

B-12 

 
(a

)
-

 
 

(b
)

-
 

 
(c

)
-

 
 

(d
)

-
 

B
-1

1 
1

-
 



 

B-13 

 
(a

)
-

 
 

(b
)

-
 

 
(c

)
-

 
 

(d
)

-
 

B
-1

2 
1

-
 



 

B-14 

 
 



C-1 

C  
MOTC-IOT-110-PDB011

(3/3)-  
 

 
. 110 10 20 10  
.  
.                
.  
.  

           

09:40 ~ 
10:00 

     - 

10:00 ~ 
10:05 

   

10:00 ~ 
10:30 

 
1. 

 
2. 

 
3. 

 

 
 

10:30 ~ 
12:00 

 

  
 

 
 

 
 

 

 
 

1.  

 



C-2 

2.  

 

3.  

 

 

 
 

.  

 

 
 

 
  



C-3 

.  

  

   

   

 
 

   
  

  
  

   
  
  
  
  
  
  

    
  

 
 

 
 
  



C-4 

 
  



D-1 

D  
MOTC-IOT-110-PDB011

(3/3)  
 

 

. 110 10 20 2  

.  

.        

.  

.  

( )    

1. 
 

2. P.22
D

P.29
E

 

3. P.39

 
 

( )    

1. P.32
1 1,900 /



D-2 

 

2. 87
1

 

3. P.37

 

4. P.35

1,800 / 1
1,800 / 2 A

2  

5. THCM

 

6. 

300

 

7. 2 1
 

8. 



D-3 

 
 

( )    

1. P.35 1 2
1,800 /

1
1,500 /  

2. P.37 1 1,800 / 2
 3,000 / 2

1 1,500
/ / 1 2

 

3. P. 38 3,000 /

 

4. P.41 P.42
3 3,500 /

 
 

( )    

1. 1

5 13-24

1 1,800
/ 2 3,000 /  

2. 74 3

1



D-4 

2  
 

( )    

1. 
 

2. 
 

3. 1 2

 

4. 1
1,800 /

1,900 / 1
2  

 

( )    

1. 

 

2. 

 

3. ( )

(

)  

4. P.17 3 ிܲெ (6 7 8 9 TYPE)



D-5 

2 (
)  

5. P.22 P.29
(

)  

6. 
1+2

 

7.  

8. 1+2

 
 

( )  

1. v/c
v/c

 

2. P.17 PFM 6
8 3  

3. P.37 1 1,800 / 2
3,000 /

60kph

( )
 

4. P.41 P.42

 



D-6 

5. P.41 P.42
300  

6. 

 

7. 

 

8. 

THCM
 

 

( )  

1. P.37

 

2. P.38

 
 

.  

2
 

 
  



D-7 

 

  

  

  

  

  

  

  

  

  

   

  

   
  

 
 

   
 
 
 
 
 



D-8 

 
 
  



E-1 

E  

   
 

 
 

 
1. 

 

 
 

2. 

 

 
 

3.  61 

 

  

4. 

90 /
80 

100 /
 

90 /

 

 

5. 

 
 

 

6. 

 

 



E-2 

   
 

 
 

 
7. 4.3-1 4.3-2

 
 

 

 
1. P.37 DN1 DN2 UP1

UP2 1 2  VD  
 

2. P.49-51 53-55

 

  

3. P.60-61
90 100

/
80 /

10 /
 

3.3-5
62

 

 

4. P.72 

P.74 50-60
/ 90 /

 

(1)

 
(2)

 
(3)

50-60 /
1,900 /

 



E-3 

   
 

 
 

 
5. 

 
 

 

6.    
 (1)P.16 2.3-2 

 
  

 (2)P.36
 

  

 (3)P.40 P.39    
 (4)P.62

“ 3.4-
1…”  

 
 

 (5)P.65 2 ”
”  

3.5-1   

 (6)P.66 ( ) ( )
( ) ( )  

  

 (7)P.118 … …
6.2-9   

 

 
1. 

  

 

2. 

 

 

 

3. P.26

P.23

 

P.49 3.3-1
-  

 

4. 3~4  



E-4 

   
 

 
 

66 88

10 /
 

 
5. 2

2 3,800
/ 2,750 /

 

2
2,750 /

3,800 /

3,800 /

1 1,800 /
2 3,000 /

 

 

 
1. 2

3,800 /
2,750 /

 

1
1,800 / 2 3,000

/  

 

2. 

50 /

 

 
 

3. P.6 P.31
80kph

 

3.1
 

 



E-5 

   
 

 
 

4. P.37 5% 10%
 

P.37
5%

5%
10%  

 

5. 2019
P.56 2020

 
2020
2019

2019
2020

P.56  

 

6. P.60 78 20
90KPH

 

VD

90KPH

 

 

7. P.62

 

60
15

15
 

 

8. P.66 4.1-2 2016
… 

  

9. P.68 4 P.72 4.2-1 6

 
 

 

10. P.74 4.3-1 4.3-2

 

1 1,800 / 2
3,000 /

 

 

11. P.78 P.107  2.(3)…
10,000  

 

 

12. P.78 P.79 5.2-1   



E-6 

   
 

 
 

171 (
) 

13. P.81 …
 

  

14. P.84 P.113 LC = 
0.5(LEQ+1,000)

 
 

 

15. P.89 5.2-7 P.118 6.2-7

 
 

 

16. P.89
 

  

17. P.118

 

  

 
1. 80km/hr

61

( )
 

61
 

 

2. (
)

( )

 

F

 

 

3. 

 

 

 



E-7 

   
 

 
 

4. 

 

 

 

5. 

 

15

3.3  

 

6. P.20
109 8   

 

7. P.31
80~90 ( 5 )  

1 3

5 1 3
90 /
100 / 110

/ P.31  

 

8. P.42 43 3.2-6 3.2-7
88 88
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2. P.68 (4)

P.72 4.2-1
  

 

3. P.69~71
/

/  
VD

VD

 

 

4. P.72 4.2-1  
(1)

 
(2)

1
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(1)

 
 
(2)  

 

5. P.74

/

5~10%
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2. 

VD
VD (
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3. (1/3) (2/3)
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(2/3)
VD (3/3)
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4. P.62
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15
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5. P.74 1,900
/ 4.2-1

 

1
1,800 / 2 3,000

/  

 

6. P.80 VD

 VD

VD
5.5

5.5 12
6 7
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7. P.93 cF(
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5,700 /

( 105KPH 3)  

  

8. 

PCE

 

 

 

9.    
 (1)

 [7]  (
[24])  

 
 

 (2)P.39 
 

  

 (3)P.62 3.4-2
 3.4-1 (
[24])
 

  

 (4)P.64 ( !
)  

3.5-1   

 
1. 

 

  

2. P.39 40 
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1. 

 

  

 

2. 

 
 

 

3. P.74 vR > C

 

P.74
 

 

4. P.90 P.92 5.2-3 5.2-4
PFM R2

 

PFM R2

(2/3)
( p.196~198 5.1-7~ 5.1-9

)

5.2.4
(calibration 

range)
5.2-3 5.2-4

 

 

5. F 5.4
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6. P.14 HCM 2016 - P.14 P.27
 P.14

 



F-2 

   
 

 
 

 

P.27 SES

HCM
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1. P.14 HCM 2016

 HCM 2016

P.14 Q-V

 

Q-V
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THCM 9
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2. P.36 3.2-2 3.2-3

100

  

4.3.9.4
 

3.2-3  

 

3. P.40 3.2-5
( )

64
61

 

2,600 / 60
/ 15

3.2.3  

VD
15

 

 

4. 

 
 

 

5. P.54 P.55
5 / 10 /

10 /

 

3.3-8

5 kph 10 kph 

5
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6. 105 /

 

3.4-1
THCM

4.10~4.14

3.4-1
3.4-2 F 5.9 G 6.9

 

 

7. P.57
61

:
90 /
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8. P.26
1,800 /

1 1,500 / 3
1,800 ~ 1,900 /

 

1 3

1 3
 

1,800 /
3

1 1,500
/
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9. 3,000 /
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10. 

 
 

 

 
1. THCM

 

 
 

2.    
 (1) P.2 2001

2001
P.122  [3] 

 

  

 (2) P.32
 

  

 (3) P.119
 

  

 
1. 

  
1  

 

2.  
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1. F-1 “

”  

  

2. F-31 5.5

 

VD

 

 

 

3. G-27 6.5

 

2
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4. 
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5. P.119

1,800 pcu/hr
3,000 pcu/hr

v/c

 

v/c>1.0
F
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2. P.26 1
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2. P.19~P.29
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3. P.75 2
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3,800 1

1,900 /
 

 

4. P.119 4
G

6  

  

5. 
P.57
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6. 

(

)  

  

7. P.F-1
 

  

 
1. 

12 3
 

  

 

 

 



G-9 
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5.1  

 (on-ramp)  (freeway mainline) 

 (on-ramp merge area) 

200 ~ 400
 

5.1

5.1 A
B C

taper D E

100

 
 

 
(1) 

 
(2) 

5.1  
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“
” HCM 2016

1,500 500
1,000

 

1,000
1,000

1,000 9
5.2  

 On-1 1,000  
 On-2 1,000 1,000

 
 On-3 1,000 1,000

 
 On-4 1,000 1,000

 
 On-5 1,000 1,000

 
 On-6 1,000 1,000

 
 On-7 1,000 1,000

 
 On-8 1,000 1,000

 
 On-9 1,000 1,000
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5.2  

5.2  

[1,2]

5.3  

5.4 0.1

 

 

 



G-12 

8 4
1,000 4 1,000

3

3 1  
 

 

5.3  
 

 

5.4  
 

5.2.1  

3
1 5.5 5.6

5.7
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1. 10 ~ 20 /

1 70 ~ 80 / 2 80 ~ 90 /
3 85 ~ 100 /  

2. 50 ~ 
60 / 20 ~ 30 /  

3. 1,000 / 1
75 / 2 85 / 3

95 /  
4. 1 1,500 ~ 1,600 / 2

3 1,900 ~ 2,000 /
 

5. 20 ~ 25 /
1 1,300 ~ 1,500 / 2 1,600 ~ 

1,900 / 3 1,700 ~ 1,950 /  
6. 

40 ~ 70 / 1 1,500 ~ 1,800 /
2 1,600 ~ 1,900 / 3

1,600 ~ 2,000 /  
 

 

5.5  
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5.6  

 

5.7  

 

5.2.2  

50
 

5.8
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5.9
5.9
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0
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150 1 07:30 ~ 08:30
50 ~ 100 1 1

2 2 3  
 

 

5.9  

 

5.2.3  
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5.1
1

14% ~ 18% 2 37% ~ 52% 3 30% ~ 48% 1
2 3

1 24% ~ 31% 2 3
35% ~ 44% 23% ~ 37%

1 13% ~ 33% 2
30% ~ 46% 3 33% ~ 48%

 

5.1  

   
1 

 
2 

 
3 

 

 
 

 
14 ~ 18% 
13 ~ 33% 

36 ~ 52% 
30 ~ 46% 

30 ~ 48% 
33 ~ 48% 

 
 

14 ~ 23% 
13 ~ 26% 

20 ~ 33% 
17 ~ 30% 

25 ~ 31% 
23 ~ 33% 

18 ~ 33% 
23 ~ 32% 

 
 

 
24 ~ 31% 
26 ~ 35% 

35 ~ 44% 
29 ~ 40% 

23 ~ 37% 
28 ~ 37% 

 

5.3  

5.3.1  

 
 (Level of Service LOS) 1965
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A  F

A
E

F
A  F

 (Measure of Effectiveness MOE) 
 

V/C
V/C  1.00

A ~ E V/C > 
1.00 F  

F

 
V/C

 

5.3.2  

5.2 5.3  
V/C
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(1) 

V/C  1.00 A ~ E
1

1 (2) F 1 ~ 6
(3)

 
 

5.2 V/C  

 
V/C   

A V/C 0.25  
B 0.25<V/C 0.50  
C 0.50<V/C 0.80  
D 0.80<V/C 0.90  
E 0.90<V/C 1.0  
F V/C >1.0  

 

5.3 /  

 
/  

( തܸ /VL) 

1 തܸ /VL 0.90 

2 0.80 തܸ /VL <0.90 

3 0.60 തܸ /VL <0.80 

4 0.40 തܸ /VL <0.60 

5 0.20 തܸ /VL <0.40 

6 തܸ /VL <0.20 
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5.4  

on-ramp junction
merge area

200 ~ 400  

2022 [1]
1 14

108 [2]
1 3

109 [3] A B 4

 

2
2

 
7 5.10

 
1.  
2.  
3.  
4.  
5.  
6.  
7. V/C  
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5.10  

 
 
  

 1

 4

 3
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5.4.1  

 
 
1.  

(1) 3.65  
(2) 1.0 3.0  
(3)   2%   500  

 
 
2.  

(1) N 
(2)  
(3) 

 > 1,000  
(4)  

N = 2 3 4

5.11

5.11
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5.11  

 

5.4.2  

 
1. 

 
2. 

 
3.  (PHF) 
4.  

 (PHF) 

 

 
1.  

108 [2]
10 % 
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109 4 VD

 (veh/hr)  
(pc/hr)  

 (PCE) 
 < 8.0

EP = 1.0 8.0     13.0 ET = 1.6
 > 13.0 EC = 2.0

VD  < 5.5 5.5  
   12.2  > 12.2 13.0

5.12

3 VD ETC
VD 5.5 ~ 8.0 13 ~ 33%

24% VD 12.2 ~ 13.0
 

 

 
FHWA  

5.12 VD  



G-25 

 
 (PCE)  

(1)  
 EP = 1.0 
 ET = 1.6 
 EC = 2.0 

(2) VD  
  < 5.5 EP = 1.0 
 5.5    12.2 ET = 1.0 
  > 12.2 EC = 2.0 

2.  
 

 VF VON  
 PHFF PHFON

 
 PT(F) PC(F)  
 PT(ON) PC(ON)  
 ET EC  
 fHV(F) 

fHV(F) =  

 fHV(ON) 

fHV(ON) =  

vF vON

VF VON

ET EC PHFF PHFON

 
 vF 

( ) ( )

1
1 ( 1) ( 1)T T F C C FE P E P

( ) ( )

1
1 ( 1) ( 1)T T ON C C ONE P E P
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vF = /  

 vON 

vON = /  

5.4.3  

1.  
5.11

1 2

1 2  
5.11 108 [2]

80 ~ 100
 

2.  

5.4
 

 
5.4 

 

/  
/ /  

2  3  4  

115 2,050 2,000 1,950 

110 2,000 1,950 1,900 

105 1,950 1,900 1,850 

100 1,900 1,850 1,800 

 
 

HV( ) PHF
F

F F

V
f

HV( ) PHF
ON

ON ON

V
f
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5.4.4  

107 [4] 1 3
1 3

HCM 1,500
460

3,000 910 1,000
 

108 109 [2,3]
1,000

1,000

 
HCM 2000 3

 (LEQ)  (LEQ) 

HCM
6 3

5.13

DU

DD  
(a) On-3  
(b) On-5  
 



G-28 

 

5.13 ( HCM 2016) 

 

5.5 HCM 2016 LEQ

3

 
 

5.5 HCM 2016 LEQ  

  LEQ   

 
 

 LEQ = 0.065227 (vF + vR) + 0.444 LA + 10.10064 SFR - 732.434  

 
 

 LEQ =   

vx (x = D, F, R) /  LA  SFR /  

 

5.14

On-9 HCM

On-9
5.13 On-3 On-5

 
 

0.35958 0.001152
D

A

v
L
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5.14 ( HCM 

2016) 
 

 (PFM) 
109 1 3

1,000  
 > 

1,000
  

1,000
 

 

5.4.5  

1.  
vF 1 2 v12

1 2 PFM 5.15  

 

5.15 vF v12 PFM  

vFOvF
PFM
v12

}
} }}vR12

vO }



G-30 

5.15 1 2
 

v12 = vF  PFM 
 v12 1 2 /  
vF /  
PFM 

1 2  
1 2 PFM 5.6

 

 

5.6 1 2 PFM  

 PFM  

1  

2  

3  

4  

5  

 

PFM 3 4
PFM  

(1) PFM 3  
109 [3]

5.16 3  
/

VD
= vF -  

VD /  

1.00FMP

0.6260 0.000087 0.000073FM A RP L v

120.9813 ( )U U
R

FM U U
F R

v vP
v v

0.5581 0.000055 0.0000095 0.000042FM A R UP L v D

0.3263 0.000088 0.0000023FM A RP L v

U
Fv

U
Fv U

Rv
U
Rv
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1 2 /

1 2 5.6 2
 

 

 

5.16 

 
 

 (2) PFM 4  

PFM

5.6 4 DU

DU

2 4 PFM

 
 
2. PFM  

PFM 5.7  

< 1.0 %
VD

12
Uv

12
Uv



G-32 

 
 

5.7 PFM

 
1 *  
2 107 [3] 1 3  

 

5.4.6  

HCM 2016 3
5.17  

1.  
2.  
3.  
4.  

( ) P FM ( ) P FM ( ) P FM

On-1 14 (4.46%)  1 108 (34.39%)  2 9 (2.87%)  5 *

On-2 2 (0.64%)  1 3 (0.96%)  2 * 0 (0.00%)  5 *

On-3 0 (0.00%)  1 3 (0.96%)  2 * 0 (0.00%)  5 *

On-4 1 (0.32%)  1 13 (4.14%)  3 3 (0.96%)  5 *

On-5 5 (1.59%)  1 101 (32.17%)  2
 4

19 (6.05%)  5

On-6 0 (0.00%)  1 0 (0.00%)  2 *
 3 *

0 (0.00%)  5 *

On-7 0 (0.00%)  1 0 (0.00%)  2 *
 3 *

0 (0.00%)  5 *

On-8 3 (0.96%)  1 10 (3.18%)  2 *
 4 *

2 (0.64%)  5 *

On-9 0 (0.00%)  1 2 (0.64%)  2 *
 4 *

1 (0.32%)  5 *

2 3 4 
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5.17  

 

1 THCM

HCM HCM 2016  
 1 2  
 1 2

 
 

HCM 1985
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HCM   1,000 pcphpl

8 ~ 11
/  

(1) 

(2)
80 90 100 /

 

5.8 90 100 /
 

 

5.8  

 SL ( / ) SF ( / ) 

  80 SL + 10 

 90 100 

 100 105 

 110 115 

 

 
5.9 110 [5]
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5.9 

 

 
(kph) 

 

(kph) 

 / 
1 

1 2  
vR12(Max) 

2 
 

2  3  4  > 4  

110 115 4,100 6,000 7,800 
1,950 
/  3,800 

105 110 4,000 5,850 7,600 
1,900 
/  3,800 

100 105 3,900 5,700 7,400 
1,850 
/  3,800 

90 100 3,800 5,550 7,200 
1,800 
/  3,800 

80 90 3,700 - - - 3,700 
1 /  
2 vR12 /  

 

110 [5]
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5.10

 (ramps)  (loops)
 

 

5.10  

(kph)    /  

50 60 

 
1  1,800 

2  3,000 

 
1  1,800   

2  3,000   

 

 

 
1. vFO (= vF + vR) 

 “ ” “
” 

2. 1 2 vR12 (= v12 + vR) 
 “ 1 2 ” “
” N = 2 vR12 = vFO  

3.  
“ ” “ 1 2

”   “ N - 2” N > 2 N = 2
 

4.  
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5.4.7  

V/C
 

V/C> 1.0
V/C 1.0

V/C > 1.0

V/C > 1.0

V/C 1.0

V/C > 1.00
 

1.  
F

 
(1)  “ 1 2 vR12”  “ 1 2

vR12(Max)”  
(2)  “ vFO”  “

cF ”  
(3)  “ vO(Ave)”  “

3 cF
' ”  

(4) vR”  “
cR”  

2.  
V/C 5.2
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5.5  

1 3

 
    

    
    
    
    
    

 

5.5.1  

On-
1 1 3 44 %

 

 

 

 
 
 
 

 

 

  (On-1) 
  (level terrain) 
 NF = 3  
 NR = 1  
 LA = 560   
 SL(F) = 100 /  /  
 SL(R) = 50 /  /  
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 DU > 1,000   

 
 DD > 1,000   

 

 

 fP = 1.000   
 PHFF PHFR F R

 
 PT(F) = 0.08 PC(F) = 0.01  T

C  
 PT(R) = 0.03 PC(R) = 0.00  T

C  
 ET = 1.6 EC = 2.0  T C

 
 fHV(F) fHV(R)  i F

R  
   fHV(i) =

 

 fHV(F) = = 0.94518 

 fHV(R) = = 0.98232 

 VF VR  F R
/  

 vF vR  i F
R

/  

    vi =  

 

i Vi ( / ) PHFi fHV(i) fP vi ( / ) 
 (F) 3,150 0.95 0.94518 1.000 3,508.1  
 (R) 1,210 0.92 0.98232 1.000 1,338.9  

( ) ( )

1
1 ( 1) ( 1)T i T C i CP E P E

1
1 0.08(1.6 1) 0.01(2.0 1)

1
1 0.03(1.6 1) 0.0(2.0 1)

( )PHF
i

i HV i P

V
f f
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 80 ~ 100  
 SF(F) = SL(F)+5= 100+5 = 105 /  i F

5.8  
   SF(i) = SL(i) + 10 SL(i)  

90 /  
          = SL(i) + 5 SL(i) 

> 90 /  
 SL(R) = 50 /  R

/  
= 1,900 /  

 
= 5,700 /  

5.9  
  =  

NF 
= 1,800 /  

5.2  
  = 1,800 pc/hr  

NR = 1 
  = 3,000 pc/hr  

NR = 2 

 

R  

NF R  /   (m)    

3  
   ON-1 2 

   ON-1 2 

 
 

1. 80 ~ 100  

2. R 2  

 PFM = PFM ( ) = 0.5770 1, 2
5.6

2  
 v12 = 2,024.1 /  1, 2

 
   v12 = vF  PFM 

1
Fc

Fc

Fc 1
Fc

Rc

Rc
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(1)  

1. 1, 2  

 vR12 = 3,363.0 /  1, 2
 

   vR12 = v12 + vR 
 vR12(Max) = 3,800 /  1, 2

5.9  
 vR12  vR12(Max)   vR12 > vR12(Max)

LOS F 

2.  

 vFO = 4,847.0 /   
   vFO = vF + vR 

 vFO  cF = 5,700   vFO > cF

LOS F 
3.  

 vO(Ave) = 1,484.0 /  
 

   vO(Ave) =  

 vO(Ave)  = 1,900  vO(Ave) > 

LOS F 

(2)  

 cR = 1,800 /  5.10  
 vR (= 1,338.9)  cR   vR > cR

LOS F 

 

1. 1, 2 V/C = 0.89 1, 2
V/C  

 D  5.2  
2. V/C = 0.85 

V/C  
 D  5.2  

3. V/C = 0.78 

F 12

F 2
v v
N

1
Fc 1

Fc
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V/C  
 C  5.2  

4. V/C = 0.74 V/C  

 

 

  
pc/hr pc/hr 

V/C
  

  vF 3,508.1  5,700 0.62 C 
  vFO 4,847.0  5,700 0.85 D 
 

1+2 
vR12 3,363.0  3,800 0.89 D 

  vO(Ave) 1,484.0  1,900 0.78 C 
  vR 1,338.9  1,800 0.74  

 

 
 

5.5.2  

R2 700
R1 1 3 6 %

 
 

vF vFOvR12

vOA

vR
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  (level terrain) 
 F = R1 = 1  

R2 = 2  

 NF = 3  
 SL(F) = 90 /  /  

 NR1 = 1 R1  
 LA1 = 200  R1

 
 SL(R1) = 50 /  R1 /

 

 NR2 = 1 R2  
 LA2 = 230  R2

 
 SL(R2) = 50 /  R2 /  

 D = 700   
DU1 > 1,000 R1

R1

 
DD1 = 700  R1

 
DU2 = 700  R2

 
DD2 > 1,000 R2

 
R2
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 fP = 1.000   
 PHFF PHFR1 PHFR2 F R1

R2  
 PT(F) = 0.05 PC(F) = 0.01 T

C  
 PT(R1) = 0.02 PC(R1) = 0.00 R1 T

C  
 PT(R2) = 0.00 PC(R2) = 0.00 R2 T

C  
 ET = 1.6 EC = 2.0 T C  
 fHV(F) fHV(R1) fHV(R2)  i F

R1 R2

 
   fHV(i) =

 

 fHV(F) = = 0.96154 

R1  fHV(R1) = = 0.98814 

R2  fHV(R2) = = 1.00000 

 VF VR1 VR2  F R1

R2 /
 

 vF vR1 vR2  i F
R1 R2

/  

    vi =  

 
  

( ) ( )

1
1 ( 1) ( 1)T i T C i CP E P E

1
1 0.05(1.6 1) 0.01(2.0 1)

1
1 0.02(1.6 1) 0.00(2.0 1)

1
1 0.00(1.6 1) 0.00(2.0 1)

( )PHF
i

i HV i P

V
f f
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i Vi ( / ) PHFi fHV(i) fP vi ( / ) 
 (F) 2,680 0.90 0.96154 1.000 3,096.9 

 (R1) 450 0.85 0.98814 1.000 535.8 
 (R2) 910 0.92 1.00000 1.000 989.1 

 

 

 R1 80 ~ 100  
 R2 80 ~ 100  
 SF(F) = SL(F)+10 = 90+10 = 100 /  i F

5.8  
   SF(i) = SL(i) + 10 SL(i)  

90 /  
          = SL(i) + 5 SL(i) > 90

/  
 SL(R1) = 50 SL(R2) = 50 /  R1 R2

/  
= 1,850 /  

 
 cF = 5,550 /  

5.9  
   cF =  

NF 

 cR1 = 1,800 /  R1

5.10  
   cR1 = 1,800 pc/hr 

NR = 1 
  = 3,000 pc/hr 

NR = 2 

 cR2 = 1,800 /  R2

5.10  
   cR2 = 1,800 pc/hr 

NR = 1 
  = 3,000 pc/hr 

NR = 2 

 

1. R1  

1
Fc

1
Fc
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R1  /  

NF R1  /   (m)    

 

3 

 

 

 

 

   ON-1 2 

 700 
 ON-2 2 

 ON-1 2 

 
2. R2  

R2  /  

NF R1  /   (m)    

 

3 

 

 

 

 

   ON-1 2 

 700 
 ON-4 3 

 ON-1 2 

 

 

R1  

1. 80 ~ 100  

2. R1 2  

 PFM ( ) = 0.60429 
1, 2

5.6 2  
 PFM ( ) = 0.60429 

1, 2
5.6 2  

 PFM = Max{ PFM ( ), PFM ( ) } = 0.6043 1, 2
 

 v12 = 1,871.4 /  1, 2
 

   v12 = vF  PFM 
R2  

1. 80 ~ 100  

2. R2 2
3 R2 R1

5.6 1, 2 3  

= vF(1) = 3,096.9 /  
R1  

= vR(1) = 535.8 /  

U
Fv

U
Rv
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R1  
= 0.6043 R1

1, 2
R1 PFM  

= 1,871.4 /  
R1 1, 2

 
   =  
 PFM ( ) = 0.57380 

1, 2
5.6 2  

 PFM ( ) = 0.65026 
1, 2

5.6
3  

 PFM = Max{ PFM ( ), PFM ( ) } = 0.65026 
1, 2  

 v12 = 2,362.2 /  1, 2
 

   v12 = vF  PFM 
(1)  

R1  

1. 1, 2  

 vR12 = 2,407.2 /  1, 2
 

   vR12 = v12 + vR 
 vR12(Max) = 3,800 /  1, 2

5.9  
 vR12  vR12(Max)   vR12 > vR12(Max)

LOS F 

2.  

 vFO = 3,632.7 /   
   vFO = vF + vR 

 vFO  cF = 5,550   vFO > cF

LOS F 
3.  

U
FMP

12
Uv

12
Uv U

Fv U
FMP
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 vO(Ave) = 1,225.5 /  
 

   vO(Ave) =  

 vO(Ave)  = 1,850   vO(Ave) > 

LOS F 

R2  

1. 1, 2  

 vR12 = 3,351.3 /  1, 2
 

   vR12 = v12 + vR 
 vR12(Max) = 3,800 /  1, 2

5.9  
 vR12  vR12(Max)   vR12 > vR12(Max)

LOS F 

2.  

 vFO = 4,621.8 /   
   vFO = vF + vR 

 vFO  cF = 5,550   vFO > cF

LOS F 
3.  

 vO(Ave) = 1,270.5 /  
 

   vO(Ave) =  

 vO(Ave)  = 1,850   vO(Ave) > 

LOS F 

(2)  

R1  
 cR1 = 1,800 /  5.10  
 vR1 = 535.8  cR   vR1 > cR1

LOS F 

F 12

F 2
v v
N

1
Fc 1

Fc

F 12

F 2
v v
N

1
Fc 1

Fc
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R2  
 cR2 = 1,800 /  5.10  
 vR2 = 989.1  cR   vR2 > cR2

LOS F 

 

R1  
1. 1, 2 V/C = 0.63 1, 2

V/C  
 C  5.2  

2. V/C = 0.65 
V/C  

 C  5.2  
3. V/C = 0.66 

V/C  
 C  5.2  

4. V/C = 0.30 V/C  

R2  
1. 1, 2 V/C = 0.88 1, 2

V/C  
 D  5.2  

2. V/C = 0.83 
V/C  

 D  5.2  
3. V/C = 0.69 

V/C  
 C  5.2  

4. V/C = 0.55 V/C  
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pc/hr pc/hr 

V/C
  

 1  vF(1) 3,096.9 5,550 0.56 C 
 1  vFO(1) 3,632.7 5,550 0.65 C 
 2  vFO(2) 4,621.8 5,550 0.83 D 
 1

1+2 
vR12(1) 2,407.2 3,800 0.63 C 

 2
1+2 

vR12(2) 3,351.3 3,800 0.88 D 

 1  vO(Ave,1

) 
1,225.5 1,850 0.66 C 

 2  vO(Ave,2

) 
1,270.5 1,850 0.69 C 

 1 vR(1) 535.8 1,800 0.30  
 2 vR(2) 989.1 1,800 0.55  

 

5.5.3  

R2 510
R1 1 3 42 %

 
 
 

vR12(1)

vOA(1)

vR(1) vR(2)

vF(1)
vFO(1)
= vF(2) vR12(2)

vOA(2) vFO(2)
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  (level terrain) 
 F = R1 = 1  

R2 = 2  

 NF = 3  
 SL(F) = 90 /  /  

 NR1 = 1 R1  
 LD1 = 170  R1

 
 SL(R1) = 50 /  R1 /

 

 NR2 = 1 R2  
 LA2 = 370  R2

 
 SL(R2) = 50 /  R2 /  

 D = 480   
DU1 > 1,000 ( ) R1

 
R1

 
DD1 = 480  R1

 
DU2 = 480  R2

 
DD2 > 1,000 ( ) R2

 
R2
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 fP = 1.000   
 PHFF PHFR1 PHFR2 F R1

R2  
 PT(F) = 0.06 PC(F) = 0.02 T

C  
 PT(R1) = 0.02 PC(R1) = 0.01 R1 T

C  
 PT(R2) = 0.20 PC(R2) = 0.00 R2 T

C  
 ET = 1.6 EC = 2.0 T C  
 fHV(F) fHV(R1) fHV(R2)  i F

R1 R2

 
   fHV(i) =

 

 fHV(F) = = 0.94697 

R1  fHV(R1) = = 0.97847 

R2  fHV(R2) = = 0.98814 

 VF VR1 VR2  F R1

R2 /
 

 vF vR1 vR2  i F
R1 R2

/  

    vi =  

 

i Vi ( / ) PHFi fHV(i) fP vi ( / ) 
 (F) 4,510 0.94 0.94697 1.000 5,066.6 

 (R1) 550 0.87 0.97847 1.000 646.1 
 (R2) 810 0.91 0.98814 1.000 900.8 

 

( ) ( )

1
1 ( 1) ( 1)T i T C i CP E P E

1
1 0.06(1.6 1) 0.02(2.0 1)

1
1 0.02(1.6 1) 0.01(2.0 1)

1
1 0.02(1.6 1) 0.00(2.0 1)

( )PHF
i

i HV i P

V
f f



G-53 

 

 R1 80 ~ 100  
 R2 80 ~ 100  
 SF(F) = SL(F)+10 = 90+10 = 100 /  i F

5.8  
   SF(i) = SL(i) + 10 SL(i)  

90 /  
          = SL(i) + 5 SL(i) > 90

/  
SL(R1) = 50 SL(R2) = 50 /  R1 R2

/  
= 1,850 /  

 
 cF = 5,550 /  

5.9  
   cF =  

NF 

 cR1 = 1,900 /  R1

6.2-7  
   cR1 = 1,900 pc/hr 

NR = 1 
  = 3,800 pc/hr 

NR = 2 

 cR2 = 1,800 /  R2

5.10  
   cR2 = 1,800 pc/hr 

NR = 1 
  = 3,000 pc/hr 

NR = 2 

 

1. R1  

R1  /  

NF R1  /   (m)    

 

3 

 

 

 

 

   OFF-1 7 

 480 
 OFF-2 7 

 OFF-1 7 

 

1
Fc

1
Fc
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2. R2  

R2  /  

NF R2  /   (m)    

 

3 

 

 

 

 

   ON-1 2 

 480 
 ON-5 4 

 ON-1 2 

 

 

R1  

1. 80 ~ 100  

2. R1 7  

 PFD ( ) = 0.55915 
1, 2
6.2-3 7  

 PFD ( ) = 0.55915 
1, 2

6.2-3 7  
 PFD = Max{ PFD ( ), PFD ( ) } = 0.55915 

1, 2  
 v12 = 3,117.8 /  1, 2

 
   v12 = vR + (vF - vR)  PFD 

R2  

1. 80 ~ 100  

2. R2 2
4  

 PFM ( ) = 0.59243 
1, 2

5.6 2  
 PFM ( ) = 0.59005 

1, 2
5.6

4  
 PFM = Min{ PFM ( ), PFM ( ) } = 0.59005 

1, 2  
 v12 = 2,608.3 /  1, 2
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   v12 = vF  PFM 

(1)  

R1  

1. 1, 2  

 v12 = 3,117.8 /  1, 2
 

 v12(Max) = 3,650 /  1, 2
6.2-6  

 v12  v12(Max)   v12 > v12(Max)

LOS F 

2.  

 vF = 5,066.6 /   
 vF  cF = 5,550   vF > cF

LOS F 
3.  

 vO(Ave) = 1,948.8 /  
 

   vO(Ave) =  

 vO(Ave) > = 1,850   vO(Ave) > 

LOS F 

R2  

1. 1, 2  

 vR12 = 3,509.1 /  1, 2
 

   vR12 = v12 + vR 
 vR12(Max) = 3,800 /  1, 2

5.9  
 vR12  vR12(Max)   vR12 > vR12(Max)

LOS F 

2.  

 vFO = 5,321.3 /   

F 12

F 2
v v
N

1
Fc 1

Fc
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   vFO = vF + vR 
 vFO  cF = 5,550   vFO > cF

LOS F 
3.  

 vO(Ave) = 1,812.2 /  
 

   vO(Ave) =  

 vO(Ave)  = 1,850   vO(Ave) > 

LOS F 

(2)  

R1  
 cR1 = 1,900 /  6.2-

7  
 vR1 = 646.1  cR1   vR1 > cR1

LOS F 

R2  
 cR2 = 1,800 /  5.10  
 vR2 = 900.8  cR2   vR2 > cR2

LOS F 

 

R1  
1. 1, 2 V/C = 0.85 1, 2

V/C  
 D  6.2-

8  
2. V/C = 0.91 

V/C  
 E  6.2-

8  
3. V/C = 1.05 

V/C  
 F  6.2-

8  

F 12

F 2
v v
N

1
Fc 1

Fc
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4. V/C = 0.34 V/C  

R2  
1. 1, 2 V/C = 0.92 1, 2

V/C  
 E  5.2  

2. V/C = 0.96 
V/C  

 E  5.2  
3. V/C = 0.98 

V/C  
 E  5.2  

4. V/C = 0.50 V/C  

 

  
pc/hr pc/hr 

V/C
  

 1  vF(1) 5,066.6 5,550 0.91 E 
 2  vF(2) 4,420.5 5,550 0.80 C 
 2  vFO(2) 5,321.3 5,550 0.96 E 
 1

1+2 
v12(1) 3,117.8 3,650 0.85 D 

 2
1+2 

vR12(2) 3,509.1 3,800 0.92 E 

 1  vO(Ave,1

) 
1,948.8 1,850 1.05 F 

 2  vO(Ave,2

) 
1,812.2 1,850 0.98 E 

 1 vR(1) 646.1 1,9001 0.34  
 2 vR(2) 900.8 1,800 0.50  

1 1 1,900 pc/hr 
 

 

vF(1)
vOA(1) vOA(2)

vR12(2)

vR(1) vR(2)

v12(1)
vFO(2)vF(2)
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1 2
2

E 1 F

 

5.5.4  

 

200  

300  
500

 

  
 N = 3 
 SL(F) = 100 / SL(R) = 50 /  
 PF(T) = 5% PR(T) = 3% 
 VF = 3,200 /  

VR = 1,700 /  
 PHFF = 0.95 PHFR = 0.95 

200

 
  (level terrain) 
 NF = 3 
 NR = 1 
 LA = 200  
 ET = 1.6 
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  fHV(F) = = = 0.9709 

 fHV(R) = = = 0.9823 

 

i Vi ( / ) PHFi fHV(i) fP vi ( / ) 
 (F) 3,200 0.95 0.970874 1.000 3,469.5  
 (R) 1,700 0.95 0.982318 1.000 1,821.7  

1. 1+2  
 1+2  

PFM = PFM ( ) = 0.51042 5.6 2  
v12 = vF  PFM = 3,469.5 (0.51042) = 1,770.9 /  

 1+2 vR12(Max) = 3,800 / 5.9  
SL(F) = 100 / SF(F) = 105 /

5.8  
 1+2  = vR12(Max) - v12 = 3,800 - 1,770.9 = 2,029.1

/  
 
2.  

 1 cR' = 1,800 / 5.10  
 cR" = 1+2  = 
2,029.1 /  

 cR = Min{ cR' , cR'' } = Min{ 1,800 , 2,029.1 } = 1,800
/  

 
3.  

 vR = 1,821.7 /  
 QR = vR - cR = 1,821.7 - 1,800 = 21.7 /  
 SQ(R) = QR/ 60 = 21.7 (8.0) / 60 = 2.891 /

1
1 ( 1)T TP E

1
1 0.05(1.6 1)

1
1 ( 1)T TP E

1
1 0.03(1.6 1)
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8.0  

 DQ(R) = SQ(R)  60 = 2.891 (60) = 
173.5 173.5

 

300
 

 

 

 

 
 

 
  (level terrain) 
 NF = 3 
 NR = 2 
 LA = 300  

HCM

150 (2) + 150 = 450

150 + 

150 = 300  

 VF (VR) vF (vR)  

 

i Vi ( / ) PHFi fHV(i) fP vi ( / ) 
 (F) 3,200 0.95 0.970874 1.000 3,469.5  
 (R) 1,700 0.95 0.982318 1.000 1,821.7 

1. 1+2  
 1+2  

PFM = PFM ( ) = 0.51912 5.6 2  
v12 = vF  PFM = 3,469.5 (0.51912) = 1,801.1 /  

 1+2 vR12(Max) = 3,800 / 5.9  
SL(F) = 100 / SF(F) = 105 /

5.8  
 1+2  = vR12(Max) - v12 = 3,800 - 1,801.1 = 1,998.9
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/  
 
2.  

 2 cR' = 3,000 / 5.10  
 cR" = 1+2  = 
1,998.9 /  

 cR = Min{ cR' , cR'' } = Min{3,000 , 1,998.9 } = 1,998.9
/  

 
3.  

 vR = 1,821.7 /  
 QR = vR - cR = 1,821.7 - 1,998.9 = (-177.2) < 0

 

500

500 /
1,200 /  

 

 

 
 
 
 
 

  (level terrain) 
 F = R1 = 1 R2 = 

2  
 NF = 3 
 NR1 = 1 NR2 = 1 
 LA(R1) = 200 LA(R2) = 200  
 D = 500  

R1 R2 DD2 = 500  
R2 R1 DU1 = 500  

 ET = 1.6 

 fHV(F) = = 0.971 
1

1 0.05(1.6 1)
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R1 R2   fHV(R1) = fHV(R2) = = 

0.982 
 R1 R2  (VF VR1 VR2)

 (vF vR1 vR2)  
 

 

i Vi ( / ) PHFi fHV(i) fP vi ( / ) 
 (F1) 3,200 0.95 0.970874 1.000 3,469.5 
 (R1) 1,200 0.95 0.982318 1.000 1,285.9 
 (R2) 500 0.95 0.982318 1.000 535.8 

 

1. R1  

(1) R2  

R1  /  

NF R1  /   (m)    

 

3 

 

 

 

 

 

   ON-1 2 

 500 

 ON-2 2 

 ON-1 2 

R R2 ON-1 ON-
2 2 5.6

 

(2) 1+2  
 1+2  

PFM = 0.5495 5.6 2  
v12 = vF1  PFM = 3,469.5 (0.5495) = 1,906.6 /  

 1+2 vR12(Max) = 3,800 / 5.9  
SL(F) = 100 / SF(F) = 105 /

5.8  
 1+2  = vR12(Max) - v12 = 3,800 - 1,906.6 = 1,893.4

/  
(3) R1  

 R1 1 cR1' = 1,800 / 5.10  
 R1 cR1" = 1+2  = 

1
1 0.03(1.6 1)
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1,893.4 /  
 R1 cR1 = Min{ cR1' , cR1'' } = Min{ 1,800, 1,893.4 } = 
1,800.0 /  

(4) R1  
 R1 vR1 = 1,285.9 /  
 R1 QR1 = vR1 - cR1 = 1,285.9 - 1,893.4 = (-607.5) < 
0  

 

2. R2  

(1) R1  

R2  /  

NF R2  /   (m)    

 

3 

 

 

 

 

 

   ON-1 2 

 500 

 ON-4 3 

 ON-1 2 

R2 ON-4
R1 2 3 1, 2

3 5.6  

= vF(1) = 3,469.5 /  
R1  

= vR(1) = 1,285.9 /  
R1  

= 0.5495 R1

1+2
R1 PFM  

= 1,906.6 /  
R1 1+2

 
   =  
(2) 1+2  

 1+2  
PFM ( ) = 0.6043 5.6 2  
PFM ( ) = 0.6588 5.6 3  
PFM = Max{ PFM ( ), PFM ( ) } = Max{0.6043, 0.6588} = 0.6588 
vF2 = vF1 + vR1 = 3,469.5 + 1,285.9 = 4,755.4 

U
Fv

U
Rv

U
FMP

12
Uv

12
Uv U

Fv U
FMP
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v12 = vF2  PFM = 4,755.4 (0.6588) = 3,132.8 /  
 1+2 vR12(Max) = 3,800 / 5.9  

SL(F) = 100 / SF(F) = 105 /
5.8  

 1+2  = vR12(Max) - v12 = 3,800 - 3,132.8 = 667.2
/  

(3) R2  
 R2 1 cR2' = 1,800 / 5.10  
 R2 cR2" = 1+2   

= 667.2 /  
 cR2 = Min{ cR2' , cR2'' } = Min{ 1,800, 667.2 } = 667.2

/  
(4)  

 R2 vR2 = 535.8 /  
 R2 QR2 = vR2 - cR2 = 535.8 - 667.2 = (-131.4) < 0

 

 

 

  

173.5  

  

2,029.1 2,026.1 /

3,000 / 2,026.1 /

1,800 /

1,800 /  

8

 



G-65 

  

3,200 /

1,200 500 /

 
 

 

 
   

 R1 R2 

  3 3 3 3 

  1 2 1 1 

 LA  200 300 200 200 

 SL(F) , SF(F)

/  

100 (105) 100 (105) 100 (105) 100 (105) 

 SL(R) /  50 50 50 50 

 1, 2 PFM 0.5104 0.5191 0.5495 0.6588 

 1, 2 v12

/  

1,770.9 1,801.1 1,906.6 3,132.8 

 1, 2

vR12(Max) 

3,800.0 3,800.0 3,800.0 3,800.0 

 cR" /
1 

2,029.1 1998.9 1,893.4 667.2 

 cR' /  1,800.0 3,000.0 1,800.0 1,800.0 

 Min{ cR' , cR" } /
2 

1,800.0 1998.9 1,800.0 667.2 

 VR /  1,700 1,700 1,200 500 

 vR /

 

1,821.7 1,821.7 1,285.9 535.8 

 QR /  21.7 0.0 0.0 0.0 

 SQ (R) / 3 2.891 0.0 0.0 0.0 

 DQ (R)

 

173.5 0.0 0.0 0.0 

1. 1+2  

2. 1+2

 

3. 8.0  
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5.5.5  

PHF  

D
 

1+2  
1. 20%

 (service flow) 
 (service volume)  

2. 3,500 /

 

  
 N = 3 
 SL(F) = 90 /  
 SL(R) = 40 /  
 LA = 300  
 PHFF = 0.95 
 PHFR = 0.95 
 PF(T) = 5% = 0.05 
 PR(T) = 3% = 0.03 
 ET = 1.6 
 i V/C 5.2  

V/C (A) = 0.25    V/C (B) = 0.50    V/C (C) = 0.80    V/C (D) = 0.90   
V/C (E) = 1.00 

1  
20%

 (service flow)  (service 
volume)  
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 x = 0.2 

  fHV(F) = = = 0.971 

 fHV(R) = = = 0.982 

 1+2 v12 = vF  PFM 
= vF (0.626 + 0.000087 LA - 0.000073 vR) . . . . 
PFM 2 
= vF [0.626 + 0.000087 LA - 0.000073 (x  vF) ] 
= (0.626 + 0.000087 LA ) vF - (0.000073 x ) vF 

2 
 M = 0.626 + 0.000087 LA = 0.626 + 0.000087 (300)  

= 0.6521 v12  
 K = 0.000073 x = 0.000073 (0.20)  

= 0.0000146 v12  

1. 1+2  
 1+2 vR12 = vR + v12 = x  vF + M  vF - K  vF 

2  

= (x + M)  vF - K  vF 
2 

 1+2 vR12(Max) = 3,800 / SL(F) = 90
/ SF(F) = 100 / 5.8 5.9  

 1+2 A1(i) = vR12(Max)  V/C(i) i = 
A, B, C, D, E 

A1(A) = 950   A1(B) = 1,900   A1(C) = 3,040   A1(D) = 3,420   A1(E) 
= 3,800 

 vR12 = A1 (i =A , B, C, D, E) SFF (i) 

vF(i)  
K  vF(i) 

2 - (x + M)  vF(i) + A1 (i) = 0   i = A, B, C, D, E 

 SFF (i) (= vF(i) ) =    i = A, B, C, D, E 

 SFF (i) SVF (i)  

 

1
1 ( 1)T TP E

1
1 0.05(1.6 1)

1
1 ( 1)T TP E

1
1 0.03(1.6 1)

2
1( )( ) ( ) 4

2
iM x M x K A

K
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SVF (i) = SFF (i)  fHV(F)  PHFF   i = A, B, C, D, E 
 i  (SFF) 

 (SVF)  

1+2  (SFF)  

(SVF)  

 V/C(i) 
1+2  

/
 

    
1+2  

 

vR12(max) x M K A1(i) ( / ) SFF ( / ) SVF ( / ) 

A 0.25  
 

3,800 
( / ) 

 
 
 

0.20 

 
 
 

0.6521 

 
 
 

1.46  10-5 

950.0 1,137 1,049 

B 0.50 1,900.0 2,322 2,142 

C 0.80 3,040.0 3,817 3,521 

D 0.90 3,420.0 4,336 3,999 

E 1.00 3,800.0 4,865 4,488 

 
2.  

  = N - 2 = 1 

 vOA = = vO = vF - v12 = vF - (M  vF - K  vF 
2 ) 

= K  vF 
2 + vF (1 - M ) 

 cF1 = = = 1,850 / SL(F) = 

90 / SF(F) = 100 / 5.8 5.9  
 A2(i) = cF1  V/C(i)   i = A, B, 

C, D, E 
A2(A) = 462.5   A2(B) = 925   A2(C) = 1,480   A2(D) = 1,665   A2(E) 

= 1,850 
 vOA = A2 (i =A , B, C, D, E) SFF (i) 

vF(i)  
K  vF(i) 

2 + (1 - M ) vF(i) - A2 (i) = 0   i = A, B, C, D, E 

 SFF (i) (= vF(i) ) =    i = A, B, C, D, E 

 SFF (i) SVF (i)  
SVF (i) = SFF (i)  fHV(F)  PHFF   i = A, B, C, D, E 

 i  (SFF) 

 (SVF)  
  

2
Ov

N

Fc
N

5,550
3

2
2( )( 1) ( 1) 4

2
iM M K A

K
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 (SFF)  

(SVF)  

 V/C(i) 

 
 

/
 

     
 

 

cF
1 x M K A2(i) ( / ) SFF ( / ) SVF ( / ) 

A 0.25  
 

1,850 
( / ) 

 
 
 

0.20 

 
 
 

0.6521 

 
 
 

1.46  10-5 

462.5 1,263 1,164 

B 0.50 925.0 2,414 2,227 

C 0.80 1,480.0 3,684 3,398 

D 0.90 1,665.0 4,085 3,768 

E 1.00 1,850.0 4,477 4,129 

 
3.  

 vFO = vR12 + vO(Ave) = (x + M)  vF - K  vF 
2 + K  vF 

2 

+ vF (1 - M ) 
= (x + 1)  vF 

 cF = 5,550 / SL(F) = 90 /
SF(F) = 100 / 5.8 5.9  

 A3(i) = cF  V/C(i)   i = A, B, 
C, D, E 

A3(A) = 1,387.5   A3(B) = 2,775   A3(C) = 4,440   A3(D) = 4,995   
A3(E) = 5,550 

 vFO = A3 (i =A , B, C, D, E) SFF (i) 

vF(i)  
(x + 1)  vF(i) = A3(i)   i = A, B, C, D, E 

 SFF (i) (= vF(i) ) =    i = A, B, C, D, E 

 SFF (i) SVF (i)  
SVF (i) = SFF (i)  fHV(F)  PHFF   i = A, B, C, D, E 

 i  (SFF) 

 (SVF)  
  

3( )

1
iA

x
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 (SFF)  

(SVF)  

 V/C(i) 

 
 

/
 

     
 

 

cF x M K A3(i) ( / ) SFF ( / ) SVF ( / ) 

A 0.25  
 

5,550 
( / ) 

 
 
 

0.20 

 
 
 
- 

 
 
 
- 

1,387.5 1,156 1,066 

B 0.50 2,775.0 2,313 2,133 

C 0.80 4,440.0 3,700 3,413 

D 0.90 4,995.0 4,163 3,839 

E 1.00 5,550.0 4,625 4,266 

 

SFF SVF

D
SFF SVF

 
 (SFF) 

 (SVF)  

 (SFF)  

(SVF)  

( i ) 
V/C(i)  SFF(i) ( / ) SVF(i) ( / ) 

    
A 0.00 ~ 0.25 0 1,137 0 1,049 
B 0.26 ~ 0.50 1,263 2,313 1,164 2,133 
C 0.51 ~ 0.80 2,414 3,684 2,227 3,398 
D 0.81 ~ 0.90 3,817 4,085 3,521 3,768 
E 0.91 ~ 1.00 4,336 4,477 3,999 4,129 

SFF SVF

1+2
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2  
3,500 /

 
 
 
 
 
 
 
 
 

 
 VF = 3,500 /  

 fHV(R) = = = 0.971 

 fHV(R) = = = 0.982 

 vF = = = 3,794.7 /  

 1+2 v12 = vF  PFM 
= vF (0.626 + 0.000087 LA - 0.000073 vR) . . . . 
PFM 2 
= (0.626 + 0.000087 LA ) vF - (0.000073 vF) vR 

 M = (0.626 + 0.000087 LA ) vF = 0.626 + 0.000087 (3,794.7)  
= 2,474.55 v12  

 K = 0.000073 vF = 0.000073 (3,794.7)  
= 0.27702 v12  

1. 1+2  
 1+2 vR12 = vR + v12 = vR + M - K  vR  

= M + (1 - K )  vR 

 1+2 vR12(Max) = 3,800 / SL(F) = 90
/ SF(F) = 100 / 5.8 5.9  

 1+2 A1(i) = vR12(Max)  V/C(i) i = 
A, B, C, D, E 

A1(A) = 950   A1(B) = 1,900   A1(C) = 3,040   A1(D) = 3,420   A1(E) 
= 3,800 

1
1 ( 1)T TP E

1
1 0.05(1.6 1)

1
1 ( 1)T TP E

1
1 0.03(1.6 1)

( )

F

F HV F

V
PHF f

3,500
0.95(0.971)
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 vR12 = A1 (i =A , B, C, D, E) SFR (i) vR(i) 

 
M + (1 - K )  vR(i) = A1 (i)   i = A, B, C, D, E 

 SFR (i) (= vR(i) ) =    i = A, B, C, D, E 

 SFR (i) SVR (i)  
SVR (i) = SFR (i)  fHV(R)  PHFR   i = A, B, C, D, E 

 i  (SFR) 

 (SVR)  

1+2  (SFR)  

(SVR)  

 V/C(i) 
1+2  

 
 

    
1+2  

 

vR12(max) vF M K A1(i) ( / ) SFR ( / ) SVR ( / ) 

A 0.25  
 

3,800 
( / ) 

 
 

3,794.7 
( / ) 

 
 
 

2,474.55 

 
 
 

0.27702 

950.0 (-2,109)1 (-1,968)1 

B 0.50 1,900.0 (-795)1 (-742)1 

C 0.80 3,040.0 782 730 

D 0.90 3,420.0 1,308 1,220 

E 1.00 3,800.0 1,833 1,711 

1 3,500 /

 

2.  
  = N - 2 = 1 

 vOA = = vO = vF - v12 = vF - (M - K  vR ) 

= ( vF - M ) + K  vR  

 cF1 = = 5,550 / 3 = 1,850 / SL(F) 

= 90 / SF(F) = 100 / 5.8 5.9  
 A2(i) = cF1  V/C(i)   i = A, B, 

C, D, E 
A2(A) = 462.5   A2(B) = 925   A2(C) = 1,480   A2(D) = 1,665   A2(E) 

= 1,850 
 vOA = A2 (i =A , B, C, D, E) SFR (i) vR(i) 

 
( vF - M ) + K  vR (i) - A2 (i) = 0   i = A, B, C, D, E 

1( )

1
iA M

K

2
Ov

N

Fc
N
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 SFR (i) (= vR(i) ) =    i = A, B, C, D, E 

 SFR (i) SVR (i)  
SVR (i) = SFR (i)  fHV(R)  PHFR   i = A, B, C, D, E 

 i  (SFR) 

 (SVR)  

 (SFR)  

(SVR)  

 V/C(i) 

 
 

 
 

     
 

 

cF
1 vF M K A2(i) ( / ) SFR ( / ) SVR ( / ) 

A 0.25  
 

1,850 
( / ) 

 
 

3,794.7 
( / ) 

 
 
 

2,474.55 

 
 
 

0.27702 

462.5 (-3,096)1 (-2,889)1 

B 0.50 925.0 (-1,427)1 (-1,331)1 

C 0.80 1,480.0 577 538 

D 0.90 1,665.0 1,245 1,162 

E 1.00 1,850.0 1,913 1,785 

1 3,500 /

 

 
3.  

 vFO = vR12 + vO(Ave) = M + (1 - K )  vR + (vF - M ) 
+ K  vR 

= vR + vF 
 cF = 5,550 / SL(F) = 90 /

SF(F) = 100 / 5.8 5.9  
 A3(i) = cF  V/C(i)   i = A, B, 

C, D, E 
A3(A) = 1,387.5   A3(B) = 2,775   A3(C) = 4,440   A3(D) = 4,995   

A3(E) = 5,550 
 vFO = A3 (i =A , B, C, D, E) SFR (i) vR(i) 

 
vR(i) + vF = A3(i)   i = A, B, C, D, E 

 SFR (i) (= vR(i) ) = A3(i) - vF   i = A, B, C, D, E 
 SFR (i) SVR (i)  

SVR (i) = SFR (i)  fHV(R)  PHFR   i = A, B, C, D, E 
 i  (SFR) 

 (SVR)  

2( ) ( )i FA v M
K
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 (SFR)  

(SVR)  

 V/C(i) 

 
 

 
 

     
 

 

cF vF M K A3(i) ( / ) SFR ( / ) SVR ( / ) 

A 0.25  
 

5,550 
( / ) 

 
 

3,794.7 
( / ) 

 
 
 

2,474.55 

 
 
 

0.27702 

1,387.5 (-2,407)1 (-2,246)1 

B 0.50 2,775.0 (-1,020)1 (-952)1 

C 0.80 4,440.0 645 602 

D 0.90 4,995.0 1,200 1,120 

E 1.00 5,550.0 1,755 1,638 

1 3,500 /

 

 

SFR SVR

D
SFR SVR

 
 

(SFR)  (SVR) 3,500
/ A

B  
 

 (SFR) 

 (SVR)  

( i ) 
V/C(i)  SFR(i) ( / ) SVR(i) ( / ) 

     
A 0.00 ~ 0.25 - - - - 
B 0.26 ~ 0.50 - - - - 
C 0.51 ~ 0.80 0 577 0 538 
D 0.81 ~ 0.90 782 1,200 730 1,120 
E 0.91 ~ 1.00 1,308 1,755 1,220 1,638 

1 SFR SVR

1+2
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1. 
111 6  

2. 1/3
109

10  
3. 2/3

110 8  
4. 

107 12  
5. 3/3

110 12  
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H-1 

H  

 

  

6.1  

 (off-ramp)  (freeway mainline) 

 (off-ramp 
diverge area) 

90 / 50 ~ 60 /

100 ~ 300
 

6.1

 
 

 
(1) 

 
(2) 

6.1  

6.1 A B C
D

E

  



H-2 

100

 

HCM 2016 1,500
500 1,000

 

1,000
1,000

1,000 9
6.2  

 Off-1 1,000  
 Off-2 1,000 1,000

 
 Off-3 1,000 1,000

 
 Off-4 1,000 1,000

 
 Off-5 1,000 1,000

 
 Off-6 1,000 1,000

 
 Off-7 1,000 1,000

 
 Off-8 1,000 1,000

 



H-3 

 Off-9 1,000 1,000
 

 

 
   

 
   

 
   

6.2  

6.2  

[1,2]

6.3  

4 2 1,000
2 1,000

3

 

 

 



H-4 

4
14:00 ~ 22:00 2  

 

 

6.3  
 

6.2.1  

3
1

2 6.4 6.5
6.6

 
1. 1 1

 
2. 

30 ~ 40 / 40 ~ 60 /
 

3. 1,200 / 1
80 ~ 100 / 2 90 ~ 100 /

3 4 90 ~ 120 /  



H-5 

4. 4 1,800 ~ 1,900 /
3 1,600 ~ 1,800 / 2

1,200 ~ 1,400 / 1 600 /

 
5. 2 1 2

 
6. 

4 3 2 1  
 1 5 /

1 600 /

 

 

6.4  



H-6 

 

 

6.5  

 

 

6.6  

 
 
 



H-7 

6.2.2  

 
6.1

4 2
700 1 3 ~ 
10% 2 13% ~ 19% 3 19 ~ 27% 4 20 ~ 26%

23% ~ 36% 0 ~ 10% 1 2

1 5~11% 2 4
 

6.1  

   
1 

( ) 
2 3 

4 
( ) 

  0 ~ 10% 3 ~ 10% 13 ~ 19% 19 ~ 27% 20 ~ 26% 

  0 ~ 5% 4 ~ 9% 11 ~ 19% 19 ~ 25% 19 ~ 25% 

   5 ~ 11% 20 ~ 28% 29 ~ 38% 28 ~ 38% 

 

6.3  

6.3.1  



H-8 

 
 (Level of Service LOS) 1965

A  F

A
E

F
A  F

 (Measure of Effectiveness MOE) 
 

V/C
V/C  1.00

A ~ E V/C > 
1.00 F  

F

 
V/C
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6.3.2  

6.2 6.3  
 

6.2 V/C  

 V/C   
A V/C 0.25  
B 0.25<V/C 0.50  
C 0.50<V/C 0.80  
D 0.80<V/C 0.90  
E 0.90<V/C 1.0  
F V/C >1.0  

 

6.3 /  

 
/  

( തܸ /VL) 

1 തܸ /VL 0.90 

2 0.80 തܸ /VL <0.90 

3 0.60 തܸ /VL <0.80 

4 0.40 തܸ /VL <0.60 

5 0.20 തܸ /VL <0.40 

6 തܸ /VL <0.20 

 
V/C

 
(1) 

(2) F
1 ~ 6 (3)



H-10 

 

6.4  

off-ramp junction diverge 
area off-ramp

90 /
50 /

100 ~ 300

 

2022 [1] 85
1 0.5 ~1.0

108 [2] 3
109 [3] 2

 

2
2

 
6.7

 
1.  
2.  
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3.  
4.  
5.  
6.  
7. V/C  

 

 

6.7  

 
 
  

 1

 4

 3

 7

 2

 6

 5
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6.4.1  

 
1.  

(1) 3.65  
(2) 1.0 3.0  
(3)   2%   500  

 
2.  

(1) N 
(2)  
(3) 

 > 1,000  
(4)  

N = 2 3 4

6.8

6.8
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6.8  

 

6.4.2  

 
1. 

 
2. 

 
3.  (PHF) 
4.  

 (PHF) 

 

 
1.  

108 [2]
10 % 

109



H-14 

[3] 2 VD

 (veh/hr)  
(pc/hr)  

 (PCE) 
 < 8.0

EP = 1.0 8.0     13.0 ET = 1.6
 > 13.0 EC = 2.0

VD  < 5.5 5.5  
   12.2  > 12.2 13.0

6.9

3 VD ETC
VD 5.5 ~ 8.0 13 ~ 33%

24% VD 12.2 ~ 13.0
 

 

 
FHWA  

6.9 VD  



H-15 

 (PCE)  
(1)  

 EP = 1.0 
 ET = 1.6 
 EC = 2.0 

(2) VD  
  < 5.5 EP = 1.0 
 5.5    12.2 ET = 1.0 
  > 12.2 EC = 2.0 

2.  
 

 VF VOFF

 
 PHFF PHFOFF

 
 PT(F) PC(F)  
 PT(OFF) PC(OFF)

 
 ET EC  
 fHV(F) 

fHV(F) =  

 fHV(OFF) 

fHV(OFF) =  

vF vOFF

VF VOFF

ET EC PHFF PHFOFF

 

( ) ( )

1
1 ( 1) ( 1)T T F C C FE P E P

( ) ( )

1
1 ( 1) ( 1)T T OFF C C OFFE P E P



H-16 

 vF 

vF = /  

 vOFF 

vOFF = /  

6.4.3  

1.  
6.8

1 2

1 2  
6.8 108

80 ~ 100
 

2.  

6.4  
 

6.4 
 

/  
/ /  

2  3  4  

115 2,050 2,000 1,950 

110 2,000 1,950 1,900 

105 1,950 1,900 1,850 

100 1,900 1,850 1,800 

 

HV( ) PHF
F

F F

V
f

HV( ) PHF
OFF

OFF OFF

V
f
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6.4.4  

107 [4] 1 3
1 3

HCM
1,500 460

3,000 910
1,000  

108 109 [2,3]
1,000

1,000

 
HCM 2000 3

 (LEQ)  (LEQ) 

HCM
6 3

6.10
DU

DD  
(a) Off-3  
(b) Off-4  
 



H-18 

 

6.10 HCM 2016  

 

6.5 HCM 2016 LEQ

3

 

6.5 HCM 2016 LEQ  

  LEQ   

 
 

 LEQ =   

 
 

 LEQ =   

vx (x = U, D, F, R) /  

 

6.11 

Off-7 HCM

Off-7
6.10 Off-3 Off-4

 
 

0.23294 0.00007546 0.00024934
U

F R

v
v v

3.773 0.000105 0.0012106
D

F R

v
v v
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6.11 HCM 

2016  

 (PFD) 
109 1 3

1,000  
 > 1,000

  1,000

 

6.4.5  

1.  
vF 1 2 v12

1 2 PFD 6.12
 

 

6.12 vF v12 PFD  

vF vFO

v12
}}
} vO}

PFD

}
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6.12 1 2
 

v12 = vR + (vF - vR)  PFD 
 v12 1 2 /

 
vF /  
PFD 

1 2  
1 2 PFD 6.6

 
 

6.6 1 2 PFD  

 PFD  

6  

7  

8  

 

2. PFD  

PFD 6.7  

< 1.0 %
VD

 

1.00FDP

0.6758 0.0000035 0.000208FD F RP v v

0.3912FDP
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6.7 PFD

 
1 *  
2 107 [3] 1 3  

 

6.4.6  

HCM 2016 3
6.13  

 

 

6.13  

 

 

( ) P FD ( ) P FD ( ) P FD

Off-1 13 (4.17%)  6 106 (33.97%)  7 8 (2.56%)  8

Off-2 9 (2.88%)  6 109 (34.94%)  7 13 (4.17%)  8 *

Off-3 1 (0.32%)  6 8 (2.56%)  7 * 5 (1.60%)  8

Off-4 1 (0.32%)  6 2 (0.64%)  7 * 1 (0.32%)  8 *

Off-5 1 (0.32%)  6 4 (1.28%)  7 * 0 (0.00%)  8 *

Off-6 0 (0.00%)  6 1 (0.32%)  7 * 0 (0.00%)  8 *

Off-7 1 (0.32%)  6 0 (0.00%)  7 * 0 (0.00%)  8 *

Off-8 2 (0.64%)  6 6 (1.92%)  7 * 4 (1.28%)  8 *

Off-9 0 (0.00%)  6 0 (0.00%)  7 * 0 (0.00%)  8 *

2 3 4 



H-22 

1.  
2.  
3.  
4.  

1 THCM

HCM HCM 2016  
 1 2  
 1 2

 

 

HCM 1985

 

HCM   1,000 pcphpl
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8 ~ 11 /
 

(1) 

(2) 
80 90 100 /

 

6.8 90 100 /
 

 

6.8  

 SL ( / ) SF ( / ) 

  80 SL + 10 

 90 100 

 100 105 

 110 115 
 

 
6.9 110 [5]
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THCM  
 

6.9 

 

 
(kph) 

 

(kph) 

 / 
1 

1 2  
v12(Max) 

2 
 

2  3  4  > 4  

110 115 4,100 6,000 7,800 
1,950 
/  3,650 

105 110 4,000 5,850 7,600 
1,900 
/  3,650 

100 105 3,900 5,700 7,400 
1,850 
/  3,650 

90 100 3,800 5,550 7,200 
1,800 
/  3,650 

80 90 3,700 - - - 3,650 
1 /  
2 v12 /  

 
 

110 [5]

 
6.10

 (ramps)  
(loops)  



H-25 

6.10  

(kph)    /  

50 60 

 
1  1,900 

2  3,800 

 
1  

 2  

 

 

 
1. vF 

 “ ” 
2. 1 2 v12 

 “ 1 2 ” “
” N = 2 v12 = vF  

3.  
“ ” “ 1 2

”  “ N - 2” N > 2 N = 2
 

4.  
 

6.4.7  

V/C
 

V/C > 1.0
V/C 1.0

V/C > 1.0



H-26 

V/C > 1.0

V/C 1.0

V/C > 1.00
 

1.  
F

 
(1)  “ 1+2 v12”  “ 1+2

v12(Max)”  
(2)  “ vF”  “

cF ”  
(3)  “ vO(Ave)”  “

3 cF
' ”  

(4) vR”  “
cR”  

2.  
V/C 6.2

 

6.5  

1 3
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6.5.1  

6 3

OFF-1
1 3 43 %

 

 

 

 

 
 
 
 

 

  
  (level terrain) 
 NF = 3  
 NR = 1  
 LD = 140   
 SL(F) = 90 /  /  
 SL(R) = 50 /  /  
 DU > 1,000   

 
 DD > 1,000   

 

 

 fP = 1.000   
 PHFF PHFR F R

 
 PT(F) = 0.06 PC(F) = 0.01  T

C  
 PT(R) = 0.02 PC(R) = 0.00  T



H-28 

C  
 ET = 1.6 EC = 2.0  T C

 
 fHV(F) fHV(R)  i F

R  
   fHV(i) =

 

 fHV(F) = = 0.956 

 fHV(R) = = 0.988 

 VF VR  F R
/  

 vF vR  i F
R

/  

    vi =  

 

i Vi ( / ) PHFi fHV(i) fP vi ( / ) 
 (F) 4,050 0.94 0.956 1.000 4,506.7 
 (R) 685 0.87 0.988 1.000 796.8 

 

 

 80 ~ 100  
 SF(F) = SL(F)+10 = 90+10 = 100 /  i F

6.8  
   SF(i) = SL(i) + 10 SL(i)  

90 /  
          = SL(i) + 5 SL(i) > 90

/  
 SL(R) = 50 /  R

/  
= 1,850 /  

6.4  
= 5,550 /  

( ) ( )

1
1 ( 1) ( 1)T i T C i CP E P E

1
1 0.06(1.6 1) 0.01(2.0 1)

1
1 0.02(1.6 1) 0.0(2.0 1)

( )PHF
i

i HV i P

V
f f

1
Fc

Fc
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6.9  
  =  

NF 

= 1,900 /  
6.10  

  = 1,900 pc/hr  

NR = 1 
  = 3,800 pc/hr  

NR = 2 

 

R  

NF R  /   (m)    

3  
   OFF-1 7 

   OFF-1 7 

 

 

1. 80 ~ 100  

2. R 7  

 PFD = PFD ( ) = 0.5258 1, 2
6.6

7  
 v12 = 2,747.6 /  1, 2

 
   v12 = vR + (vF - vR)  PFD 

(1)  

1. 1, 2  

 v12 = 2,747.6 /  1, 2
 

 v12(Max) = 3,650 /  1, 2
6.9  

 v12  v12(Max)   v12 > v12(Max)

LOS F 

2.  

 vF = 4,506.7 /   

Fc 1
Fc

Rc

Rc
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 vF  cF (= 5,550)   vF > cF

LOS F 
3.  

 vO(Ave) = 1,831.0 /  
 

   vO(Ave) =  

 vO(Ave)  (= 1,850)   vO(Ave) > 

LOS F 

(2)  

 cR = 1,800 /  6.10  
 vR (= 796.8)  cR   vR > cR

LOS F 

 

1. 1, 2 V/C = 0.75 1, 2
V/C  

 C  6.2  
2. V/C = 0.81 

V/C  
 D  6.2  

3. V/C = 0.95 
V/C  

 E  6.2  
4. V/C = 0.42 V/C  

 

 

 
  

F 12

F 2
v v
N

1
Fc 1

Fc
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pc/hr pc/hr 

V/C
  

  vF 4,506.7 5,550 0.81 D 
 1+2 v12 2,747.6 3,650 0.75 C 
  vO(Ave) 1,759.1 1,850 0.95 E 
  vR 796.8 1,9001 0.42  

1 1,900 pc/hr 

6.5.2  

3

R1 510
R2 1 3 44 %

 
 

 

 

 
 
 
 
 
 

vF v12

vR

vOA
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  (level terrain) 
 F = R1 = 1  

R2 = 2  

 NF = 3  
 SL(F) = 90 /  /  

 NR1 = 1 R1  
 LD1 = 170  R1

 
 SL(R1) = 50 /  R1 /

 

 NR2 = 1 R2  
 LA2 = 280  R2

 
 SL(R2) = 50 /  R2 /

 
 D = 510  

 
DU1 > 1,000 ( ) R1

 
R1

 
DD1 = 510  R1

 
DU2 = 510  R2

 
DD2 > 1,000 ( ) R2

 
R2

 

 

 fP = 1.000   
 PHFF PHFR1 PHFR2 F R1

R2  
 PT(F) = 0.04 PC(F) = 0.02 T

C  
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 PT(R1) = 0.01 PC(R1) = 0.00 R1 T
C  

 PT(R2) = 0.03 PC(R2) = 0.01 R2 T
C  

 ET = 1.6 EC = 2.0 T C  
 fHV(F) fHV(R1) fHV(R2) i F

R1 R2

 
   fHV(i) =

 

 fHV(F) = = 0.958 

R1  fHV(R1) = = 0.994 

R2  fHV(R2) = = 0.973 

 VF VR1 VR2  F R1

R2 /
 

 vF vR1 vR2  i F
R1 R2

/  

    vi =  

 

i Vi ( / ) PHFi fHV(i) fP vi ( / ) 
 (F) 4,150 0.95 0.958 1.000 4,560.6 

 (R1) 880 0.85 0.994 1.000 1,041.5 
 (R2) 710 0.90 0.973 1.000 811.0 

 

 

 R1 80 ~ 100  
 R2 80 ~ 100  
 SF(F) = 100 i F

6.8  
   SF(i) = SL(i) + 10 SL(i)  

90 /  

( ) ( )

1
1 ( 1) ( 1)T i T C i CP E P E
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i Vi ( / ) PHFi fHV(i) fP vi ( / ) 
 (F) 4,300 0.95 0.936 1.000 4,834.1 
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 (R2) 1,370 0.85 0.988 1.000 1,631.1 
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