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１．Member List of the Study Team 
 

(1) Field Survey Team 

Name Job Title Occupation 

Mr. Hiroyuki Hayashi Team Leader 

Senior Project Administration Officer 
Transportation and Electric Power Team 
Project Management Group I 
Grant Aid Management Department, JICA 

Mr. Toshinori Toda 
Chief Consultant / Road 

Transport Planner 
Katahira & Engineers International 

Mr. Soemu Oshita Road Designer I Katahira & Engineers International 

Mr. Tetsuro Izawa Road Designer II Japan Engineering Consultants Co., Ltd. 

Mr. Shuichi Yashiro Road Designer III / Coordinator Katahira & Engineers International 

Mr. Kou Kuwata Natural Condition Surveyor Japan Engineering Consultants Co., Ltd. 

Mr. Tadashi Sato 
Construction Planner / Cost 

Estimator 
Katahira & Engineers International 

 

 

(2) Draft Final Report Explanation Team 

Name Job Title Occupation 

Mr. Eiji Inui Team Leader Resident Representative, JICA Zambia Office 

Mr. Toshinori Toda 
Chief Consultant / Road Transport 

Planner 
Katahira & Engineers International 

Mr. Soemu Oshita Road Designer I Katahira & Engineers International 
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２．Study Schedule 
 

(1)  Field Survey（February 18～March 28, 2007） 
Hiroyuki 
Hayashi 

Toshinori 
Toda 

Soemu 
Oshita 

Tetsuro 
Izawa 

Shuichi 
Yashiro 

Kou 
Kuwata 

Tadashi 
Sato 

Official 
Member 

Consultants Members 

M
on

th
 

D
at

e  
Team 
Leader 

Chief 
Consultant 

Road 
Designer I

Road 
Designer II 

Road Designer 
III 

Surveyor Const. Planner 
& Cost 
Estimator 

2 18   
 19 

NRT→HKG→JNB 
→LSK / Meeting at JICA / EOJ  

-Ditto- 
 

 20 MLGH Meeting  MLGH Meeting  
 21 NCC Meeting  NCC Meeting  
 22 NCC / RDA Meeting  NCC / RDA Meeting  
 23 KCC Meeting  KCC Meeting  
 24 KTW→LSK Site Survey  KTW→LSK Site Survey  
 25 Meeting Site Survey  Site Survey Site Survey  
 26 Signing of M/D, EOJ Site Survey  Site Survey Site Survey  
 27 LSK→JNB Meeting Site Survey  Site Survey Site Survey  
 28  Site Survey Site Survey  Site Survey Site Survey NRT→HKG→ 
3 1  Site Survey Site Survey  Site Survey Site Survey →JNB→LSK 
 2  LSK→KTW Site Survey  LSK→KTW Site Survey LSK→KTW 

 3  Site Survey NRT→HKG Site Survey 
 4  Site Survey JNB→LSK Site Survey 
 5  Site Survey 
 6  Site Survey 
 7  Site Survey 
 8  Site Survey 
 9  Site Survey 
 10  Site Survey 
 11  Site Survey 
 12  Site Survey 
 13  Site Survey 
 14  Site Survey 
 15  Site Survey 
 16  Site Survey 
 17  Site Survey 
 18  Site Survey 
 19  Site Survey 
 20  Site Survey 
 21  Site Survey 
 22  KTW→LSK Site Survey KTW→LSK 
 23  MLGH, EOJ Site Survey Site Survey 
 24  Site Survey Site Survey Site Survey 
 25  Site Survey KTW→LSK Site Survey 
 26  Report to JICA Zambia Office 
 27  
 28  

LSK→JNB→ 
→HNG→NRT 

LEGEND: NRT(Narita), HNG(Hong Kong), JNB(Johannesburg), LSK(Lusaka), KTW(Kitwe), EOJ(Embassy 
of Japan), MLGH( Ministry of Local Government and Housing) 
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(2) Draft Final Report Explanation (August 31～September 9, 2007) 
Eiji 
Inui 

Toshinori 
Toda 

Soemu Oshita 

Official Member Consultants Members 

M
on

th
 

D
at

e 

Team Leader Chief Consultant Road Designer I 

8 31  NRT→HKG→JNB 

 JNB→LSK 9 1 
JICA Meeting 

9 2  LSK→KTW 

9 3 EOJ / MLGH Meeting KCC Meeting 

LSK→KTW NCC Meeting 9 4  
NCC Meeting 

9 5  KCC Meeting 

KTW→LSK 9 6  

MLGH Meeting 

9 7 Signing on M/D with MLGH, Report to EOJ and JICA 

9 8  LSK→JNB→HK 

9 9  HK→NRT 

LEGEND: NRT(Narita), HNG(Hong Kong), JNB(Johannesburg), LSK(Lusaka), KTW(Kitwe), EOJ(Embassy 
of Japan), MLGH( Ministry of Local Government and Housing) 
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３．List of Parties Concerned in the Republic of Zambia 
 

Ministry of Local Government and Housing (MLGH) 
Mr. Maswabi M. Maimbolwa Permanent Secretary 
Mr. Peter Lubambo Director 
Mr. Davies C. Zulu Assistant Director 
Mr. Richard Kangwa Senior Engineer 
Mr. Nkumbu Siame Senior Engineer 
Road Development Agency ( RDA) 
Mr. Watson Ng’ambi Director & CEO 
Mr. Muliya Mushimbei Environmentalist 
Mr. Charles Mushota Head Procurement 
Mr. Erasmus M. Chilundika, Manager Planning & Design 
Mr. Jan Tore Odd Technical Advisor 
Mr. Sean Canavan Technical Assistant (Consultant) 
Mr. Misheck Lungu Copperbelt Regional Engineer 
Mr. Phillimon Goma Executive Engineer, Copperbelt Regional Office 
Mr. Richard Kasongo, Sr. Road Engineer, Copperbelt Regional Office 
Ndola City Council (NCC) 
Ms. Charity Nanda Mpande Town Clerk 
Mr. Evervisto Makungo Director of Housing 
Mr. Gilvert Sendama, Director of Engineering Service 
Mr. Joseph Zulu Assistant Director, Engineering 
Ms. Katai Kambogi, Sr. Road Engineer 
Kitwe City Council (KCC) 
Mr. Ali D. Simwinga Town Clerk 
Mr. Ireen T. Mundia, Director of Legal Service 
Mr. John Kaliminwa Director of Engineering Service 
Mr. John Ngwata Deputy Director of Engineering Service 
Mr. Webster Musukwa Assistant Director, Engineering Service 
Mr. Mr. Reynols Muluka Civil Engineer 
National Road Fund Agency 
Mr. Raphael Mabenga Director 
Mr. Stephen N. Mwale Account-Road Fund 
National Council for Construction (NCC) 
Dr. M.S. Mashamba Executive Director 
Ndola Police 
Mr. Simfukwe, Assist. Superintendent 
Mr. Syinjelesyo Inspector 
Kitwe Ploice 
Mr. Simmohza Chief Inspector, Department of Traffic 
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５．ECZ Environmental Approval 
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6．References 

No. Title Style Issued by Year

1 Terms of Reference for a Road Authority (including Power and
Duites) Report ＲＤＡ Nov. 2006

2 Economic Review, October 2004 - April 2005 Report Barclays Bank 2005

3 Zambia 1990 Census of Population, Housing and Agricultue,
Demographic Projecttions 1990-2015 Report Central Statistical Office Nov. 1995

4 Natural condition of Ndola and Kitwe Report MLGH －

5 A Secondary geography of Zamabia, 3rd Edition Report Longman 1995

6 Vision 2030 Report Dec. 2006

7 Fifth National Development Plan 2006-2016 Summary Report Ministry of Finance and National
Planning Dec. 2006

8 Road Sector Investment Programme (ROADSIP　1997-2007),
June, 1997 Report MCT Jun. 1996

9 Road Sector Investment Programme (ROADSIP), Draft
bankable Document, 29 October 1999 Report National Task Froce for Roadsip II Nov. 2006

10 Road Sector Investment Programme (ROADSIP), Draft Annual
Review, 1999 Report National Road Board 1999

11 Road Sector Investment Programme (ROADSIP), Quartely
Progress Report (July to Septmeber 2006),20 Nov 2006 Report National Road Fund Agency (JICA

Zambia Office: JZO)
Nov. 2006

12 Agenda for the Committee of Permanent Secretaries on Road
Maintenace Initiative (RMI) on 31 January 2007 Report WB (JZO) Jan. 2007

13 Agenda for Cooperating Partenrs Meeting, Road Transport, 12
Sept 2006 Report Cooperating Meeting (JZO) Sep. 2006

14 Road Rehabilitation and Maintenace Project, Mid-Term Review
Mission Aide Memoire, June 26-July 14,2006 Report EU(JZO) Jul. 2006

15 NDF Credit no.428, Terms of Reference on the Study of Road
User and ites Implementation, March 2007 Report NRFA(JZO) Mar. 2007

16 NRFA Notice of Disbursement Schedule, 2006, Feburuary 28,
2007 Report Times of Zambia、NRFA Feb. 2007

17 City of Ndola Strategic Development Plan (2006-2010) Report Ndola City Stakeholders,
Development Cooperation Ireland,

2005

18 City of Ndola, District Situation Analysis (Draft for Final
Discussion at DDCC), November 2006 Report NCC Nov. 2006

19 KCC Budget Estimtes 2007 Report KCC 2006

20 Construction New News Letter National Council for Construction Nov. 2006

21 Ndola City Council, Annual Wrok Plan 2007 (Draft),March
2007 (5 pages) Report NCC Mar. 2007

22 Ndola City Council, Budget Summary, Engineering Services
Department, 2006, (1 pages) Report NCC 2006

23

Environmental Management Unit, Road Department,
MOWS,Initial Environmental Impact Assessment Report for
the Porposed Rehabilitation of the Chingola-Kasumbaleasa
Road, Copperbelt Province Zambia, March 2003 (54 pages)

Report RDA Mar. 2003

24
ZCCM-IH, Preparation of Phase 2 of a Consolidated
Envrionmental Management Plan, Project Summary
Report,December 2005

Report SGAB, SWECO, THOMRO, UNZA Dec. 2005

25 Standard Specifications for Roads and Bridges, Decemer 1973 Report Road Department Dec. 1973

26
Rehabilitation of Ndola Uraban Roads, Funded by World Bank,
Traffic Survey and economic Report, Revised Report,
September 1998

Report ASCO, NCC Sep. 1998

 



 A6-2

No. Title Style Issued by Year

27
Road Sector Investment Program, Rehabilitation of 40.19km of
Priority Roads in Kitwe, Technical Report, Phase I (Results of
Field Survey & Investigation)

Report Burrow Binnie Zambia for MCT Aug./Dec.
1998

28

Report on Traffic Survey, Axle Load Survey, Vehicular Speed
Survey, Roughness Survey, Dranage and Land Use
SurveyEnvirionmental Project Brief for the proposed Borrow
Pit Sites Along the Chingola/Kasum

Report JICA／ Zulu Burrow 2004

29 Envirionmental Project Brief for the proposed Borrow Pit Sites
Along the Chingola/Kasum Report RDA, Envirionmental Management

Unit
Jun. 2006

30 Economic Evaluation Report, Rehabilitation of 40.19km of
Priority Roads in Kitwe, ROADSIP, August 1998 Report Zulu Borrow -

31 Ndola Citｙ Council, Bus Route Map Map NCC Mar. 2007

32 Kiwe Citｙ Council, Bus Route Map Map KCC Mar. 2007

33 Urban Roads in Kitwe, Lot 2,3 and 4, Final Tender Evaluation
Report, November 2004 Report Zulu Borrow Nov. 2004

34
Contract Document & Agreement for the Accelearated Urban
Roads Rehabilitation Programme (226/2007), Rehabilitation of
Urban Roads in Kitwe, October 2006

Report Roads and Paving Zambia, BICON
Zambia Limited Oct. 2006

35

Contract for the Rehabilitation of the Lunda via KTTC-
MINDOLO to Chingola Road, National Roads Programme
2004. Urban Roads Maintenance - Kitwe Copperbelt Province,
October 2003

Report Turner Construction LTD Oct. 2003

36
Contract, Lot2, Kitwe City Council, Urban Roads Maintenance,
Copperbelt Province, AEP2001, Lot 2 Kitwe City Council,
National Roads Programme 2000-2001, October 2002

Report Zulu Borrow Oct. 2002

37 Contract Document Volume 3,Drawings, Rehabilitation of
40.19KM of Priority Roads in Kitwe, Report Zulu Borrow

38
Progress Report No.2 Contract Document Volume 3,Drawings,
Rehabilitation of 40.19KM of Priority Roads in Kitwe, August
1999

Report Zulu Borrow Aug. 1999

39
Progress Report No.8 Contract Document Volume 3,Drawings,
Rehabilitation of 40.19KM of Priority Roads in Kitwe,
Feburuary 2000

Report Zulu Borrow Feb. 2000

40 Ndola Lime Company LTD, Local Price List (1 page), March
2007

Report Ndola Lime Company Ltd Mar. 2007

41 Phenix Materials, Kitwe Crusher (1 page), March 2007 Report Phenix Materials, Kitwe Crusher Mar. 2007

42 Zulu Borrow, Final Report, Rehabilitation of 34KM of Priority
Roads in Kitwe, September 2002 Report MLGH Sep. 2002

43 ASCO, Progress Report No.12 June 2000 Report MLGH Jun. 2000

44
Joint Response of the Cooperating Partners to the zero draft
FNDP on chapter 8 and its respective sector financing tables,
June 2006 (10 pages)

Report JICA Jun. 2006

45 News Paper, "District now road authority" (1 page) Report JICA Mar. 2007

46 Mopani Copper Mines PLC, Nkana Division, Rainfall Season
2006-2007 (1 page) Report KCC 2007

47 RDA Awards Council Jobs, Feburuary 24, 2007 News Paper Times of Zambia Feb. 2007

48  RDA Awards Council Jobs, Feburuary 24, 2007 News Paper Times of Zambia Feb. 2007

49 Report for the Establishment of the Kitwe Road Fund,
Executive Summary (17 pages) Report KCC -

50 Core Road Network, Draft Work Programme, ROADSIP
August 1997 Report National Road Board Aug. 1997
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7． Design Data 

 

(1) Existing Pavement Condition Survey Result 

(2) Traffic Survey Result 

(3) 18-Kip Equivalent Single Axle Load (ESAL) per Vehicle 

(4) 18-kip Equivalent Single Axle Load (ESAL) for Design Period 

(5) Existing Pavement Structure 

(6) Subgrade CBR Test Result and Design CBR 

(7) Calculation of Pavement Thickness 

(8) Rainfall Data 

(9) Project Road Drainage System Map 

(10) Calculation of Discharge 

(11) Calculation of Velocity and Depth 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (1/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (2/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (3/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (4/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (5/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (6/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (7/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (8/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (9/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (10/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (11/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (12/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (13/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (14/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (15/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (16/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (17/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (18/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (19/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (20/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (21/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (22/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (23/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (24/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (25/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (26/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (27/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (28/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (29/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (30/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (31/32) 
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (32/32) 
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(2) TRAFFIC SURVEY RESULT 

 

① ② ③ ④ ⑤ ⑥ ⑦ ⑧ ⑨ ⑩ ⑪

Pedestria
n

Bycycle Motorbike
Car /

Pick-up
Mini-Bus Mid-Bus Large Bus

Truck
(2-Axle)

Truck
(3-Axle)

Truck /
Trailer

(4/5-Axle)

Truck /
Trailer

(6/More Ax)
N1 Vitanda Street 2,542 342 37 4,638 332 257 58 254 106 56 59 5,760
N2 Kaunda Drive 2,018 422 24 2,716 435 329 36 240 94 26 18 3,894
N3 Makoli Avenue 2,511 897 48 2,931 2,835 1,497 18 246 55 34 31 7,647
N4 Independence Way 1,602 327 21 1,963 176 125 19 169 48 16 15 2,531
N5 Zambia Road 2,131 504 12 2,225 345 50 48 425 122 139 374 3,728
N6 Matelo Road 2,450 758 14 3,103 1,978 915 10 327 53 10 27 6,423
N7 Lukasu Road 1,644 421 8 1,399 73 49 45 146 123 226 381 2,442
N8 Chambeshi Road 2,174 470 4 2,242 1,625 885 69 281 30 8 8 5,148
N9 Livingstone Road 1,946 587 38 1,619 1,584 1,060 40 181 81 40 22 4,627
K1 Dr. Aggrey Avenue 8,665 909 50 1,485 141 87 17 234 134 59 72 2,229
K2 Euclid Road 4,860 645 25 773 77 7 3 85 135 25 22 1,127
K3 Zomba Road 1,817 216 33 1,401 131 47 9 195 60 9 11 1,863
K4 Blantyre Road 2,776 265 100 778 121 61 7 95 101 20 9 1,192
K5 Eshowe Road 2,376 205 56 709 69 47 2 99 49 14 8 997
K6 Matuka Avenue 1,592 17 0 318 1,486 1,383 22 3 3 0 0 3,215
K7 Kantanta Street 6,024 719 102 3,264 132 49 10 262 44 17 17 3,795
K8 Natwange Road 2,885 406 139 1,873 177 65 28 408 409 82 94 3,136
K9 Mutentemuko Road 2,754 286 163 1,476 137 50 36 355 180 81 79 2,394
K10 Miseshi Street 2,451 1,358 339 1,957 175 83 59 402 211 131 210 3,228
K11 Kanongesha Road 3,668 182 0 728 152 24 66 199 19 8 0 1,196
K12 Mulilakwenda Road 1,060 163 21 269 3 2 0 21 12 12 19 338
K13 Lilogwe Road 1,456 392 23 852 79 59 4 124 74 46 29 1,267
K14 Independence Service 2,372 553 89 1,013 97 30 49 169 87 43 70 1,558

Survey Date: March 2007   Unit:Vehicle
N

d
o

la
 C

it
y

K
it

w
e 

C
it

y

City No. Road Name

Vehicle Type

合計
(④～⑪）
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(3)  18-kip EQUIVALENT SINGLE AXLE LOAD (ESAL) PER VEHICLE 

Kip Single Tandem Triple No ESAL No ESAL No ESAL No ESAL No ESAL No ESAL No ESAL No ESAL No ESAL No ESAL No ESAL

2 0.0 ～ 1.4 0.000 0.000 0.000 5 0.00 - - - - - - - - - - - - - - - - - - - -

4 1.4 ～ 2.3 0.003 0.003 0.000 5 0.02 5 0.02 - - 5 0.015 - - - - - - - - 9 0.027 - - - -

6 2.3 ～ 3.2 0.012 0.001 0.000 - - 4 0.05 - - 1 0.012 - - - - - - - - 3 - - - -

8 3.2 ～ 4.1 0.035 0.003 0.001 - - 1 0.04 - - 13 0.455 1 0.035 - - 3 0.105 - - 7 0.245 1 0.003 1 0.001

10 4.1 ～ 5.0 0.085 0.008 0.002 - - 2 0.17 - - 3 0.255 2 0.17 - - 1 0.085 1 0.008 20 1.7 9 0.072 1 0.002

12 5.0 ～ 5.9 0.177 0.016 0.004 - - - - 4 0.708 4 0.708 1 0.177 - - 6 1.062 - - 36 6.372 14 0.224 5 0.02

14 5.9 ～ 6.8 0.338 0.029 0.007 - - - - 2 0.676 4 1.352 - - 1 0.029 3 1.014 2 0.058 49 16.562 7 0.203 3 0.021

16 6.8 ～ 7.7 0.598 0.048 0.012 - - - - - - 2 1.196 1 0.598 1 0.048 3 1.794 1 0.048 20 11.96 6 0.288 3 0.036

18 7.7 ～ 8.6 1.000 0.077 0.019 - - - - - - 1 1 - - - - - - 1 0.077 4 4 3 0.231 2 0.038

20 8.6 ～ 9.5 1.590 0.117 0.029 - - - - - - - - - - 1 0.117 - - 1 0.117 4 6.36 3 0.351 2 0.058

22 9.5 ～ 10.4 2.440 0.171 0.042 - - - - - - 1 2.44 - - - - 1 2.44 1 0.171 2 4.88 4 0.684 3 0.126

24 10.4 ～ 11.4 3.620 0.244 0.058 - - - - - - - - - - 1 0.244 2 7.24 - - 1 3.62 4 0.976 3 0.174

26 11.4 ～ 12.3 5.210 0.340 0.080 - - - - - - - - - - - - - - 1 0.34 - - 14 4.76 - -

28 12.3 ～ 13.2 7.310 0.465 0.107 - - - - - - - - - - - - - - - - - - 12 5.58 1 0.107

30 13.2 ～ 14.1 10.000 0.623 0.140 - - - - - - - - - - - - 1 10 1 0.623 - - 17 10.591 - -

32 14.1 ～ 15.0 13.500 0.823 0.182 - - - - - - - - - - - - - - - - - - 13 10.699 - -

34 15.0 ～ 15.9 17.900 1.070 0.233 - - - - - - - - - - - - - - - - - - 14 14.98 - -

36 15.9 ～ 16.8 23.300 1.380 0.294 - - - - - - - - - - - - - - 2 2.76 - - 18 24.84 - -

38 16.8 ～ 17.7 29.900 1.750 0.368 - - - - - - - - - - 1 1.75 - - 1 1.75 - - 15 26.25 - -

40 17.7 ～ 18.6 38.000 2.190 0.456 - - - - - - - - - - - - - - - - - - 9 19.71 7 3.192

42 18.6 ～ 19.5 47.700 2.730 0.560 - - - - - - - - - - - - - - 1 2.73 - - 5 13.65 1 0.56

44 19.5 ～ 20.4 59.300 3.360 0.682 - - - - - - - - - - - - - - 1 3.36 - - - - 5 3.41

46 20.4 ～ 21.3 73.000 4.110 0.825 - - - - - - - - - - - - - - - - - - 1 4.11 2 1.65

48 21.3 ～ 22.2 89.100 4.980 0.992 - - - - - - - - - - - - - - - - - - - - 4 3.968

50 22.2 ～ 23.2 108.00 5.990 1.180 - - - - - - - - - - - - - - - - - - 3 17.97 5 5.9

52 23.2 ～ 24.1 - 7.160 1.400 - - - - - - - - - - - - - - - - - - 2 14.32 8 11.2

54 24.1 ～ 25.0 - 8.510 1.660 - - - - - - - - - - - - - - - - - - - - 6 9.96

56 25.0 ～ 25.9 - 10.100 1.950 - - - - - - - - - - - - - - - - - - 2 20.2 8 15.6

58 25.9 ～ 26.8 - 11.800 2.270 - - - - - - - - - - - - - - - - - - - - 7 15.89

60 26.8 ～ 27.7 - 13.800 2.640 - - - - - - - - - - - - - - - - - - 2 27.6 4 10.56

62 27.7 ～ 28.6 - 16.000 3.060 - - - - - - - - - - - - - - - - - - 1 16 4 12.24

64 28.6 ～ 29.5 - 18.600 3.530 - - - - - - - - - - - - - - - - - - - - 2 7.06

66 29.5 ～ 30.4 - 21.400 4.050 - - - - - - - - - - - - - - - - - - - - - -

68 30.4 ～ 31.3 - 24.600 4.630 - - - - - - - - - - - - - - - - - - - - 1 4.63

70 31.3 ～ 32.2 - 28.100 5.280 - - - - - - - - - - - - - - - - - - - - - -

72 32.2 ～ 33.1 - 32.000 6.000 - - - - - - - - - - - - - - - - - - - - - -

74 33.1 ～ 34.1 - 36.400 6.790 - - - - - - - - - - - - - - - - - - - - - -

76 34.1 ～ 35.0 - 41.200 7.670 - - - - - - - - - - - - - - - - - - - - - -

78 35.0 ～ 35.9 - 46.500 8.630 - - - - - - - - - - - - - - - - - - - - - -

80 35.9 ～ 36.8 - 52.300 9.690 - - - - - - - - - - - - - - - - - - - - - -

82 36.8 ～ 37.7 - 58.700 10.800 - - - - - - - - - - - - - - - - - - - - - -

84 37.7 ～ 38.6 - 65.700 12.100 - - - - - - - - - - - - - - - - - - - - - -

86 38.6 ～ 39.5 - 73.300 13.500 - - - - - - - - - - - - - - - - - - - - - -

88 39.5 ～ 40.4 - 81.600 15.000 - - - - - - - - - - - - - - - - - - - - - -

90 40.4 ～ 41.4 - 90.600 16.600 - - - - - - - - - - - - - - - - - - - - - -

- 0.02 - 0.27 - 1.38 - 7.43 - 0.98 - 2.19 - 23.74 - 12.04 - 55.73 - 234.29 - 106.40

396.42

118

3.36

3.17

5

0.63

35.78

12

2.98

17

0.44

0.02 0.27 1.38 7.43

6

0.045

3

0.46

No of Vehicles

ESAL per Vehicle

5

0.003

Total  ESAL

⑤3-Axle Truck

(SN=2)
Axle Load

Tandem AxleSingle Axle Single Axle Single Axle Single Axle

Range in Ton

Tandem Axle Triple Axle

⑦Trailer Trucks⑥4-Axle Truck

Single Axle Tandem Axle Single Axle

④2-Axle Truck

Single Axle

ESAL ①Minibus ②Med. Bus ③Big Bus
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(4)  18-kip EQUIVALENT SINGLE AXLE LOAD (ESAL) FOR DESING PERIOD 

Total ESAL  ESAL (x10^6)

①Mini-bus ②Mid-Bus ③Large Bus ④2-Ax Truck ⑤3-Ax Truck ⑥4-Ax Truck ⑦Trailer per day 2010 - 2020

N1 Vitanda St. 363 281 63 278 116 61 64 679 1.42
N2 Kaunda Dr. 475 360 39 262 103 0 0 253 0.53
N3 Makoli Av 3,098 1,636 20 269 60 37 34 486 1.02
N4 Independence Wy. 192 137 21 185 52 0 0 149 0.31
N5 Zambia Rd. 377 55 52 464 133 152 409 2,190 4.58
N6 Metro Rd. 2,161 1,000 11 357 58 11 30 397 0.83
N7 Lusaka Rd. 80 54 49 160 134 247 416 2,364 4.95
N8 Chambesi Rd. 1,776 967 75 307 33 9 9 302 0.63
N9 Livingstone Rd. 1,731 1,158 44 198 89 44 24 459 0.96
K1 Dr. Aggrey Av. 331 241 91 435 214 122 328 1,924 4.03
K2 Euclid Rd. 84 8 3 93 148 27 24 352 0.74
K3 Zomba Rd. 143 51 10 213 66 10 12 236 0.49
K4 Blantyre Rd. 132 67 8 104 110 22 10 261 0.55
K5 Eshowe Rd. 75 51 2 108 54 15 9 179 0.38
K6 Matuka Av. 1,624 1,511 24 3 3 0 0 84 0.18
K7 Kantanta St. 144 54 11 286 48 19 19 299 0.63
K8 Natwange Rd. 193 71 31 446 447 90 103 1,273 2.66
K9 Mutentemuko Rd. 150 55 39 388 197 89 86 942 1.97

K10 Miseshi St. 191 91 64 439 231 143 229 1,655 3.46
K11 Kanogesha Rd. 166 26 72 217 21 9 0 177 0.37
K12 Mulilakwenda Rd. 7 5 0 50 29 29 46 291 0.61
K13 Lilogwe Rd. 86 64 4 135 81 50 32 402 0.84
K14 Independence Svwy. 106 33 54 185 95 47 76 599 1.25

0.0003 0.045 0.46 0.44 1.00 2.98 3.36 Both Direction Per Lane

Traffic Growth Rate(％)＝ 3.0
  Heavy vehicle restriction is considered for N2 and N5.

Road

ESAL per Vehicle

2010 ADT (Vehicle/day)
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(5)  EXISTING PAVEMENT STRUCTURE 

 

 

Road No. Road Name Station Subgrade
N1 Vitanda Street 100m DBST 50mm CSB 210mm ― ― Laterite

600m DBST 50mm CSB 150mm Crushed Stone 70mm Silt
N2 Kaunda Drive 150m DBST 40mm Crushed Stone 100mm Laterite 160mm Silt
N3 Makoli　Avenue 450m DBST 40mm Crushed Stone 60mm Laterite 170mm Silt

800m DBST 100mm CSB 190mm ― ― Laterite
N4 Independence 620m DBST 60mm CSB 200mm Laterite 200mm Silt

1200m DBST 40mm CSB 100mm Laterite 150mm Silt
N5 Zanbia Road 400m DBST 40mm CSB ― ― Laterite

700m DBST 35mm CSB 260mm ― ― Laterite
1500m DBST 35mm CSB ― ― Laterite
2100m DBST 40mm CSB 220mm ― ― Laterite

N6 Matelo　Avenue 200m DBST 50mm CSB 100mm Laterite 200mm Silt
N7 Lukasu　Road 150m DBST 70mm CSB 130mm Laterite 210mm Silt

500m DBST 30mm CSB 170mm ― ― Laterite
900m DBST 20mm CSB 300mm ― ― Laterite

N8 Chambeshi Road 700m DBST 50mm CSB 220mm ― ― Silt
1400m DBST 60mm CSB 190mm ― ― Silt
2100m DBST 50mm CSB 220mm ― ― Silt
3200m ― ― ― ― ― ― Laterite

N9 Livingstone Road 200m DBST 30mm CSB 180mm Laterite 210mm Silt
K1 Dr. Aggrey Ave 500m DBST 25mm CSB 80mm Crushed Stone 70mm Silty Sand

1000m DBST 20mm Crushed Stone 240mm ― ― Laterite
K2 Euclid　Road 500m ― ― ― ― Sandy Gravel 250mm Silt
K3 Zomba Road 300m DBST 30mm CSB 130mm Crushed Stone 150mm Silt
K4 Blantyre Road 200m DBST 20mm CSB 100mm Crushed Stone 200mm Laterite

400m DBST 30mm CSB 100mm Crushed Stone 200mm Laterite
K5 Eshowe　Road 200m DBST 20mm CSB 100mm Crushed Stone 200mm Silt
K6 Matuka Ave 132ｍ ― ― CSB 280mm ― ― Silt
K7 Kantanta Ave 500m DBST 45mm CSB 60mm Crushed Stone 100mm Silt

1000m DBST 30mm CSB 180mm Crushed Stone 280mm Silt
1500m DBST 30mm CSB 60mm Crushed Stone 60mm Silt
2000m DBST 30mm CSB 70mm Laterite 120mm Laterite

K8 Natwange Road 500m DBST 30mm CSB 140mm Crushed Stone 200mm Silt
K9 Mutentemko Road 500m DBST 30mm CSB 120mm Crushed Stone 120mm Laterite

K10 Miseshi　Street 500m DBST 30mm CSB 100mm Crushed Stone 175mm Silt
DBST 35mm CSB 100mm Crushed Stone 300mm Laterite

K11 Kanongesha Road 500m DBST 35mm CSB 220mm ― ― Laterite
670m DBST 35mm Crushed Stone 240mm ― ― Laterite

K12 Mulilaquenda　Road 500m DBST 35mm CSB 70mm Crushed Stone 110mm Laterite
790m DBST 30mm CSB 80mm Crushed Stone 200mm Silt

K13 Lilongwe　Rd 300m DBST 20mm Laterite 100mm Crushed Stone 140mm
K14 Independence 500m DBST 35mm CSB 100mm Crushed Stone 150mm Silt

1000m DBST 30mm CSB 70mm Crushed Stone 75mm Silt
DBST: Double Bituminous Surface Treatment
CSB: Cement Stabilized Base Course

Surface Course Base Course Subbase
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(6)  SUBGRADE CBR TEST RESULTS AND DESIGN CBR (NDOLA CITY) (1/2) 

Site CBR
 Spot CBR Spot CBR Section CBR

Vitanda, N1 Chainage: 0+000 LHS 4 15 11.6 Section Average CBR
Chainage: 0+200 RHS 12
Chainage: 0+400 LHS 5 6.0 Standard Deviation
Chainage: 0+800 RHS 20 4

Kaunda Drive, N2 Chainage: 0+100 RHS 4 18 5.6 Ave. CBR－S.D.
Chainage: 0+200 LHS 3

Makoli Avenue, N3 Chainage: 0+010 RHS 6 5 Design CBR
Chainage: 0+200 LHS 2
Chainage: 0+400 RHS 6 16
Chainage: 0+600 LHS 3 7

Independence Way Chainage: 0+200 LHS 4
N4 Chainage: 0+400 RHS 2

Chainage: 0+600 LHS 13 12
Chainage: 0+800 RHS 4
Chainage: 1+000 LHS 4
Chainage: 1+200 RHS 5 7
Chainage: 1+400 LHS 4
Chainage: 1+600 RHS 11

Matelo Rd., N6 Chainage: 0+100 LHS 6 5
Chainage: 0+300 RHS 3

Livingstone Rd., N9 Chainage: 0+100 LHS 2 20
Chainage: 0+300 RHS 9

Site CBR
 Spot CBR Spot CBR Section CBR

Chambeshi, N8 Chainage: 0+020 RHS 9 13.8 Section Average CBR
Chainage: 0+250 LHS 8
Chainage: 0+500 RHS 7 5.1 Standard Deviation
Chainage: 0+750 LHS 6 2 * 
Chainage: 1+000 RHS 4 8.7 Ave. CBR－S.D.

 Chainage: 1+250 LHS 6
Chainage: 1+500 RHS 3 12 8 Design CBR
Chainage: 1+750 LHS 20
Chainage: 2+000 RHS 2 8
Chainage: 2+250 LHS 1
Chainage: 2+500 RHS 8
Chainage: 2+750 LHS 2
Chainage: 3+000 RHS 4
Chainage: 3+250 LHS 3 20
Chainage: 3+500 RHS 2 15
Chainage: 3+750 LHS 2
Chainage: 3+920 LHS 6
Chainage: 4+100 RHS 7
Chainage: 4+600 LHS 1 *:Excluded 

Site CBR
 Spot CBR Spot CBR Section CBR

Zambia Road, N5 Chainage: 0+100 RHS 4 16 23.7 Section Average CBR
Chainage: 0+300 LHS 3
Chainage: 0+500 RHS 20 10.9 Standard Deviation
Chainage: 0+700 LHS 4 16
Chainage: 0+900 RHS 4 12.8 Ave. CBR－S.D.
Chainage: 1+100 LHS 5
Chainage: 1+300 RHS 2 19 12 Design CBR
Chainage: 1+500 LHS 18
Chainage: 1+700 RHS 3
Chainage: 1+900 LHS 5
Chainage: 2+000 RHS 2 41

Lukasu Rd., N7 Chainage: 0+100 LHS 20 18
Chainage: 0+300 RHS 3
Chainage: 0+500 LHS 2 18
Chainage: 0+700 RHS 5
Chainage: 0+900 LHS 6 38

Road Name Sampling Station Laboratory CBR Remarks

Road Name Sampling Station

Road Name Sampling Station

Laboratory CBR
Remarks

Laboratory CBR Remarks
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(6)  SUBGRADE CBR TEST RESULTS AND DESIGN CBR (NDOLA CITY) (2/2) 

 

 

Site CBR
 Spot CBR Spot CBR Section CBR

Dr. Aggrey, K1 Chainage: 0+250R 36 20.0 28.8 Section Average CBR
Chainage: 0+500 LHS 6
Chainage: 0+750 RHS 27 6.5 Standard Deviation
Chainage: 0+986 LHS 5 8.0

Euclid, K2 Chainage: 0+200 RHS 7 22.2 Ave. CBR－S.D.
Chainage: 0+400 LHS 20 20.0
Chainage: 0+587 RHS 5 20 Design CBR

Zomba Road, K3 Chainage: 0+100 LHS 8
Chainage: 0+200 RHS 20 18.0
Chainage: 0+300 LHS 14

Blantyre Road, K4 Chainage: 0+200 RHS 20
Chainage: 0+400 RHS 11 20.0
Chainage: 0+590 LHS 9

Eshowe Road, K5 Chainage: 0+100 LHS 20
Chainage: 0+200 RHS 11 10.0
Chainage: 0+300 LHS 12

Lilongwe, K13 Chainage: 0+200 RHS 20 3.0
Chainage: 0+400 LHS 4
Chainage: 0+584 RHS 4 16.0

Site CBR
 Spot CBR Spot CBR Section CBR

Matuka, K6 Chainage: 0+015 LHS 9
Chainage: 0+200 RHS 5 5.0 5.0 Design CBR

Site CBR
 Spot CBR Spot CBR Section CBR

Kantanta, K7 Chainage: 0+026 LHS 20 12.5 Section Average CBR
Chainage: 0+250 LHS 3
Chainage: 0+500 RHS 3 11.0 6.0 Standard Deviation
Chainage: 0+750 LHS 3
Chainage: 1+000 RHS 6 15.0 6.5 Ave. CBR－S.D.
Chainage: 1+250 LHS 2
Chainage: 1+500 RHS 2 19.0 6 Design CBR
Chainage: 1+750 LHS 2
Chainage: 2+000 LHS 4 5.0
Chainage: 2+250 RHS 2

Site CBR
 Spot CBR Spot CBR Section CBR

Natwange, K8 Chainage: 0+013 LHS 24 20.0 Section Average CBR
Chainage: 0+200 RHS 6
Chainage: 0+600 LHS 3 20.0 0.0 Standard Deviation
Chainage: 0+800 RHS 3 20.0

Mutentemuko, K9 Chainage: 0+200 LHS 4 20.0 Ave. CBR－S.D.
Chainage: 0+400 RHS 26
Chainage: 0+600 LHS 2 20.0 20 Design CBR
Chainage: 0+800 RHS 3
Chainage: 1+000 LHS 2 20.0

Site CBR
 Spot CBR Spot CBR Section CBR

Miseshi, K10 Chainage: 0+000 RHS 14 15.0 Section Average CBR
Chainage: 0+200 LHS 8
Chainage: 0+400 RHS 5 15.0 4.4 Standard Deviation
Chainage: 0+600 LHS 4
Chainage: 0+800 RHS 11 20.0 10.6 Ave. CBR－S.D.

Kanongesha, K11 Chainage: 0+012 LHS 3
Chainage: 0+200 RHS 4 10 Design CBR
Chainage: 0+400 LHS 4 13.0
Chainage: 0+600 RHS 4 8.0

Mulilakwenda, K12 Chainage: 0+200 LHS 12
Chainage: 0+400 RHS 20 21.0
Chainage: 600 LHS 6
Chainage: 0+787 RHS 20 15.0

Independence, K14 Chainage: 0+200 LHS 22
Servic Lane Chainage: 0+400 RHS 5

Chainage: 0+600 LHS 9
Chainage: 0+800 RHS 20 13.0

RemarksLaboratory CBR

Laboratory CBR Remarks

Road Name Sampling Station

Road Name Sampling Station

Laboratory CBR Remarks

Laboratory CBR Remarks

Laboratory CBR Remarks

Road Name Sampling Station

Road Name Sampling Station

Road Name Sampling Station
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(7)  CALCULATION OF PAVEMENT THICKNESS  

Road No. N1 N2 N3 N4 N5 N6 N7 N8 N9 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14

W18 1,420,000 530,000 1,020,000 310,000 4,580,000 830,000 4,950,000 630,000 960,000 4,030,000 740,000 490,000 550,000 380,000 180,000 630,000 2,660,000 1,970,000 3,460,000 370,000 610,000 840,000 1,250,000
R　(%) 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50

ZR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S0 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45

P0 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2

P1 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
∆PSI 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

CBR 5 5 5 5 12 5 12 8 5 20 20 20 20 20 5 6 20 20 10 10 10 20 10

MR 7,500 7,500 7,500 7,500 18,000 7,500 18,000 12,000 7,500 30,000 30,000 30,000 30,000 30,000 7,500 9,000 30,000 30,000 15,000 15,000 15,000 30,000 15,000
SN 2.866 2.460 2.724 2.259 2.509 2.638 2.540 2.125 2.698 2.034 1.523 1.413 1.443 1.348 2.070 2.365 1.900 1.805 2.565 1.786 1.942 1.558 2.184

Left:  log10(W18)= 6.152 5.724 6.009 5.491 6.661 5.919 6.695 5.799 5.982 6.605 5.869 5.690 5.740 5.580 5.255 5.799 6.425 6.294 6.539 5.568 5.785 5.924 6.097
6.152 5.724 6.009 5.491 6.661 5.919 6.695 5.799 5.982 6.605 5.869 5.690 5.740 5.580 5.255 5.800 6.426 6.294 6.539 5.568 5.785 5.925 6.098

Pavement Layer Drainage
C.

Layer Co.
(a)

Road No. N1 N2 N3 N4 N5 N6 N7 N8 N9 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14

AC Surface Course - 0.350 10.0 10.0 10.0 5.0 10.0 10.0 10.0 5.0 10.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 10.0 5.0 5.0 5.0 5.0

Granular Base Course 0.9 0.130 15.0 15.0 15.0 15.0 10.0 15.0 15.0 15.0 15.0 15.0 10.0 10.0 10.0 10.0 15.0 20.0 15.0 15.0 15.0 15.0 15.0 10.0 15.0

Crushed Stone Subbase 0.8 0.110 25.0 15.0 20.0 30.0 20.0 20.0 20.0 25.0 20.0 20.0 15.0 15.0 10.0 15.0 20.0 25.0 20.0 20.0 15.0 15.0 20.0 15.0 25.0

2.94 2.59 2.76 2.42 2.53 2.76 2.76 2.25 2.76 2.07 1.67 1.67 1.50 1.67 2.07 2.48 2.07 2.07 2.59 1.90 2.07 1.67 2.25

Pavement Layer
Drainage

C.
(ｍ)

Layer Co.
(a)

Road No. N1 N2 N3 N4 N5 N6 N7 N8 N9 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14

AC Surface Course - 0.350 10.0 5.0 10.0 10.0 5.0 5.0 5.0 5.0 5.0

Granular Base Course 0.9 0.130 10.0 15.0 10.0 15.0 15.0 10.0 20.0 15.0 15.0

Subbase （Exist. Pave.） 0.8 - 36.0 29.0 26.0 41.0 27.0 25.0 26.0 37.0 27.0

Subbase Layer Coeff. 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

2.97 2.29 2.66 3.36 2.23 1.94 2.43 2.55 2.23

  　　Right =

Pavement Thickness (cm) and Structural Number (SN) in case Pavement Reconstruction

18-kip ESAL

Initinal Serviceability Index

Combined Standard Error
Standard Deviate

Reliability

Strucrural Number (SN) of Proposed Pave.

Where,　SN=a1*D1+a2*m2*D2+a3*m3*D3

Strucrural Number (SN) of Proposed Pave.

Terminal Serviceability Index

Pavement Thickness (cm) and Structural Number (SN) in case Overlay (Utilizing Existing Pavement as Subbase Course)

(P0-P1)

Subgrade CBR (%)

Structural Number

Where、　Log10(W18)=ZR×S0+9.36×Log10(SN+1)-0.20+{Log10[⊿PSI/(4.2-1.5)]/[0.40+1094/(SN+1)5.19]}+2.32×Log10(MR)-8.07

Resilient Modulus
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(8)  NDOLA AIRPORT WEATHER STATION RAINFALL DATA （Daily Rainfall：mm）） 

 

 

Rainfall Date Rainfall Date Rainfall Date Rainfall Date Rainfall Date Rainfall Date Rainfall Date Rainfall Date
66 1996/11/8 23 1998/1/1 7 1999/1/2 76 2000/2/4 4 2001/1/1 72 2002/1/1 7 2003/1/3 61 2004/4/1
46 1996/11/16 54 1998/1/3 15 1999/1/3 8 2000/2/6 76 2001/1/2 1 2002/1/4 5 2003/1/5 76 2004/4/2
31 1996/11/18 11 1998/1/4 34 1999/1/7 10 2000/2/9 26 2001/1/7 70 2002/1/7 63 2003/1/6 30 2004/4/3
73 1996/11/19 20 1998/1/5 75 1999/1/8 44 2000/2/12 32 2001/1/8 62 2002/1/12 57 2003/1/9 46 2004/4/6
1 1996/11/20 2 1998/1/6 38 1999/1/9 19 2000/2/14 86 2001/1/9 96 2002/1/16 96 2003/1/11 23 2004/4/7

10 1996/11/22 10 1998/1/7 52 1999/1/14 59 2000/2/16 39 2001/1/10 34 2002/1/19 3 2003/1/12 16 2004/4/18
67 1996/11/24 25 1998/1/11 24 1999/1/16 98 2000/2/21 60 2001/1/12 22 2002/1/22 62 2003/1/13 8 2004/4/19
11 1996/11/27 83 1998/1/12 25 1999/1/20 14 2000/2/22 24 2001/1/13 41 2002/1/24 8 2003/1/20 4 2004/4/20
35 1996/12/11 36 1998/1/16 16 1999/1/23 54 2000/2/23 11 2001/1/16 38 2002/1/25 69 2003/1/21 4 2004/10/9
2 1996/12/13 72 1998/1/17 68 1999/1/24 13 2000/2/24 75 2001/1/19 5 2002/1/26 30 2003/1/22 74 2004/10/13
1 1996/12/15 6 1998/1/21 5 1999/2/1 8 2000/2/25 42 2001/1/22 7 2002/1/28 70 2003/1/25 4 2004/10/22
1 1996/12/19 64 1998/1/28 21 1999/2/2 79 2000/3/2 58 2001/1/24 10 2002/1/29 81 2003/1/26 4 2004/10/29

20 1996/12/20 44 1998/1/29 28 1999/2/4 36 2000/3/7 52 2001/1/27 8 2002/1/30 63 2003/3/1 77 2004/10/30
98 1996/12/22 8 1998/2/1 36 1999/2/5 34 2000/3/8 66 2001/1/29 5 2002/2/1 8 2003/3/8 83 2004/11/10
10 1996/12/23 30 1998/2/3 66 1999/2/9 56 2000/3/9 37 2001/1/30 96 2002/2/2 80 2003/3/10 11 2004/11/11
25 1996/12/27 14 1998/2/4 2 1999/2/10 7 2000/3/11 2 2001/1/31 98 2002/2/4 19 2003/3/11 10 2004/11/12
31 1996/12/30 87 1998/2/12 10 1999/2/11 2 2000/3/13 35 2001/2/1 67 2002/2/6 45 2003/3/13 44 2004/11/13
12 1997/1/8 32 1998/2/13 40 1999/2/12 10 2000/3/14 90 2001/2/2 8 2002/2/7 8 2003/3/15 28 2004/11/15
65 1997/1/9 95 1998/2/20 21 1999/2/15 32 2000/3/15 71 2001/2/4 25 2002/2/8 12 2003/3/16 55 2004/11/16
26 1997/1/10 71 1998/2/22 90 1999/2/16 54 2000/3/17 83 2001/2/7 61 2002/2/9 34 2003/3/17 8 2004/11/19
99 1997/1/14 66 1998/2/23 20 1999/2/19 36 2000/3/18 85 2001/2/13 85 2002/2/10 56 2003/3/22 41 2004/11/22
79 1997/1/15 98 1998/2/25 2 1999/2/21 81 2000/3/19 12 2001/2/14 19 2002/2/15 23 2003/3/23 22 2004/11/25
28 1997/1/16 7 1998/2/27 20 1999/2/23 13 2000/3/20 10 2001/2/15 71 2002/2/16 20 2003/3/24 45 2004/11/29
7 1997/1/21 65 1998/3/1 30 1999/2/25 4 2000/3/21 95 2001/2/17 8 2002/2/19 12 2003/3/26 86 2004/11/30

60 1997/1/22 27 1998/3/2 52 1999/2/26 43 2000/3/22 50 2001/2/18 54 2002/2/24 22 2003/3/29 22 2004/12/2
41 1997/1/24 10 1998/3/3 30 1999/2/27 24 2000/3/24 50 2001/2/21 55 2002/2/27 14 2003/11/6 10 2004/12/3
1 1997/1/26 82 1998/3/5 12 1999/2/28 31 2000/3/27 6 2001/2/22 11 2002/2/28 5 2003/11/7 10 2004/12/4

53 1997/1/27 90 1998/3/8 1 1999/3/1 68 2000/3/28 45 2001/2/23 90 2002/3/3 23 2003/11/16 79 2004/12/8
41 1997/1/31 38 1998/3/9 26 1999/3/2 13 2000/4/3 25 2001/2/24 15 2002/3/5 12 2003/11/17 12 2004/12/10
82 1997/2/1 22 1998/3/13 20 1999/3/3 8 2000/4/15 28 2001/3/2 23 2002/3/6 8 2003/11/21 30 2004/12/12
82 1997/2/3 61 1998/3/15 20 1999/3/5 27 2000/4/16 6 2001/3/3 88 2002/3/7 9 2003/11/22 7 2004/12/13
21 1997/2/4 50 1998/3/16 90 1999/3/6 10 2000/4/27 18 2001/3/5 63 2002/3/8 22 2003/11/24 69 2004/12/14
10 1997/2/5 55 1998/3/18 40 1999/3/7 73 2000/4/29 47 2001/3/10 4 2002/3/9 39 2003/11/27 95 2004/12/17
19 1997/2/6 87 1998/3/19 94 1999/3/9 6 2000/10/21 12 2001/3/11 19 2002/3/22 35 2003/11/28 26 2004/12/18
81 1997/2/8 72 1998/3/22 6 1999/3/10 52 2000/11/1 8 2001/3/19 68 2002/3/24 35 2003/12/2 49 2004/12/19
93 1997/2/9 96 1998/3/23 6 1999/3/12 10 2000/11/8 56 2001/3/20 8 2002/3/26 13 2003/12/6 41 2004/12/23
5 1997/2/11 22 1998/3/24 67 1999/3/17 58 2000/11/9 4 2001/3/23 6 2002/4/1 89 2003/12/7 4 2004/12/25
5 1997/2/12 48 1998/3/29 11 1999/3/18 8 2000/11/10 57 2001/3/27 16 2002/4/3 17 2003/12/10 96 2004/12/27

88 1997/2/16 17 1998/11/1 22 1999/3/20 12 2000/11/15 87 2001/3/28 3 2002/4/5 78 2003/12/15 4 2004/12/28
66 1997/2/18 1 1998/11/4 26 1999/3/21 15 2000/11/17 7 2001/3/29 9 2002/4/8 4 2003/12/16 19 2004/12/29
1 1997/2/20 19 1998/11/7 93 1999/3/22 39 2000/11/19 10 2001/3/30 10 2002/4/14 71 2003/12/17 8 2005/1/1

11 1997/2/21 10 1998/11/8 13 1999/3/25 80 2000/11/23 36 2001/3/31 6 2002/4/15 45 2003/12/18 4 2005/1/6
22 1997/2/22 17 1998/11/11 35 1999/3/27 22 2000/11/24 41 2001/4/1 16 2002/4/16 6 2003/12/24 80 2005/1/9
84 1997/2/23 59 1998/11/13 12 1999/3/30 47 2000/11/25 60 2001/4/3 5 2002/9/10 4 2003/12/29 2 2005/1/10
10 1997/2/24 40 1998/11/21 42 1999/3/31 90 2000/11/26 34 2001/4/4 15 2002/9/11 92 2003/12/30 30 2005/1/12
30 1997/2/25 5 1998/11/23 19 1999/4/5 54 2000/11/28 18 2001/11/2 14 2002/9/26 36 2004/1/3 66 2005/1/13
9 1997/2/28 39 1998/11/25 10 1999/10/18 13 2000/11/29 72 2001/11/4 24 2002/10/25 24 2004/1/8 17 2005/1/17
7 1997/4/3 5 1998/11/28 36 1999/11/8 8 2000/11/30 22 2001/11/5 7 2002/10/27 7 2004/1/15 7 2005/1/20
2 1997/4/5 22 1998/12/2 36 1999/11/11 64 2000/12/1 44 2001/11/8 99 2002/11/1 38 2004/1/22 41 2005/1/27

24 1997/4/10 2 1998/12/4 92 1999/11/12 42 2000/12/3 12 2001/11/9 35 2002/11/6 10 2004/1/23 7 2005/1/28
7 1997/4/11 36 1998/12/5 34 1999/11/13 20 2000/12/5 5 2001/11/10 2 2002/11/7 64 2004/1/24 40 2005/1/29
2 1997/4/15 61 1998/12/9 8 1999/11/17 62 2000/12/6 67 2001/11/13 61 2002/11/9 32 2004/1/25 88 2005/1/30

28 1997/4/26 2 1998/12/10 7 1999/11/21 83 2000/12/9 11 2001/11/15 91 2002/11/16 53 2004/2/1 14 2005/1/31
16 1997/10/7 91 1998/12/11 23 1999/11/22 6 2000/12/10 43 2001/11/20 62 2002/11/21 75 2004/2/4 99 2005/2/1
3 1997/10/10 1 1998/12/14 29 1999/11/23 29 2000/12/12 24 2001/11/21 16 2002/11/22 49 2004/2/12 6 2005/2/6

35 1997/10/11 23 1998/12/15 7 1999/11/24 27 2000/12/13 30 2001/11/25 7 2002/11/27 75 2004/2/14 8 2005/2/11
57 1997/10/13 3 1998/12/19 8 1999/11/29 97 2000/12/16 6 2001/11/30 20 2002/12/8 22 2004/2/15 98 2005/2/12
70 1997/12/2 26 1998/12/21 14 2000/1/3 39 2000/12/19 11 2001/12/3 93 2002/12/9 15 2004/2/16 15 2005/2/14
4 1997/12/4 32 1998/12/24 78 2000/1/8 48 2000/12/21 43 2001/12/4 60 2002/12/10 65 2004/2/17 22 2005/2/19

43 1997/12/5 61 1998/12/25 55 2000/1/10 97 2000/12/22 10 2001/12/6 77 2002/12/12 22 2004/2/18 13 2005/2/26
85 1997/12/7 12 1998/12/27 6 2000/1/11 30 2000/12/23 65 2001/12/7 95 2002/12/13 12 2004/2/20 4 2005/3/2
56 1997/12/11 47 1998/12/28 80 2000/1/14 46 2000/12/24 4 2001/12/8 8 2002/12/14 6 2004/2/23 7 2005/3/13
77 1997/12/13 58 2000/1/15 35 2000/12/25 12 2001/12/12 10 2002/12/15 34 2004/2/25 19 2005/3/17
32 1997/12/14 7 2000/1/18 75 2000/12/26 5 2001/12/17 25 2002/12/21 48 2004/3/2
18 1997/12/20 14 2000/1/20 26 2000/12/27 36 2001/12/18 25 2002/12/25 26 2004/3/3
96 1997/12/22 36 2000/1/25 29 2000/12/28 34 2001/12/19 50 2002/12/27 15 2004/3/4
55 1997/12/23 57 2000/1/29 34 2000/12/29 6 2001/12/21 7 2004/3/5
50 1997/12/26 82 2000/1/30 41 2000/12/31 8 2001/12/22 13 2004/3/6

10 2001/12/24 6 2004/3/9
81 2001/12/25 10 2004/3/11
5 2001/12/29 38 2004/3/14

13 2004/3/20
3 2004/3/24
2 2004/3/27
4 2004/3/28

77 2004/3/29
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(9)  PROJECT ROAD DRAINAGE SYSTEM MAP (3/8) 
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(9)  PROJECT ROAD DRAINAGE SYSTEM MAP (4/8) 
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（9） PROJECT ROAD DRAINAGE SYSTEM MAP (5/8) 

 



 

A
7-47

（9） PROJECT ROAD DRAINAGE SYSTEM MAP (6/8) 
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（9） PROJECT ROAD DRAINAGE SYSTEM MAP (7/8) 
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（9） PROJECT ROAD DRAINAGE SYSTEM MAP (8/8) 

 

 



 A7-50

(10)  CALCULATION OF DISCHARGE 

 

 ha mm/hr C cu.m/sec ha mm/hr C cu.m/sec ha mm/hr C cu.m/sec
N1-1 5.2 3 49.3 0.80 0.570 N9-1 1.0 3 49.3 0.60 0.082 K9-1 18.8 5 64.7 0.60 2.027
N1-2 2.9 5 64.7 0.80 0.417 N9-2 0.4 3 49.3 0.80 0.044 K9-2 17.6 5 64.7 0.60 1.898
N1-3 2.3 3 49.3 0.80 0.252 N9-3 0.4 5 64.7 0.80 0.058 K9-3 1.2 3 49.3 0.80 0.131
N1-4 2.9 3 49.3 0.80 0.318 K1-1 0.4 3 49.3 0.80 0.044 K9-4 17.6 3 49.3 0.50 1.205
N1-5 1.6 3 49.3 0.80 0.175 K1-2 11.6 3 49.3 0.60 0.953 37.8 (←t=14.9min) 0.924
N1-6 2.4 3 49.3 0.80 0.263 K1-3 10.7 5 64.7 0.60 1.154 K9-5 13.3 3 49.3 0.50 0.911
N2-1 2.4 3 49.3 0.80 0.263 51.7 (←t=14.0min) 0.922 41.9 (←t=12.8min) 0.774
N2-2 2.4 3 49.3 0.80 0.263 K1-4 5.4 3 49.3 0.60 0.444 K9-6 7.7 3 49.3 0.50 0.527
N3-1 3.0 5 64.7 0.60 0.324 K1-5 3.2 5 64.7 0.60 0.345 43.4 (←t=12.1min) 0.464
N3-2 2.6 3 49.3 0.60 0.214 K1-6 1.6 3 49.3 0.60 0.131 K10-1 0.4 3 49.3 0.60 0.033
N3-3 2.3 3 49.3 0.80 0.252 K2-1 0.2 3 49.3 0.80 0.022 K10-2 0.2 3 49.3 0.60 0.016
N3-4 1.2 3 49.3 0.60 0.099 K2-2 5.3 3 49.3 0.60 0.435 K10-3 2.7 5 64.7 0.60 0.291
N3-5 1.7 3 49.3 0.60 0.140 K2-3 0.4 3 49.3 0.80 0.044 K10-4 0.4 3 49.3 0.60 0.033
N3-6 1.4 5 64.7 0.60 0.151 K2-4 3.0 3 49.3 0.60 0.247 K10-5 0.5 3 49.3 0.60 0.041
N3-7 1.4 3 49.3 0.60 0.115 K3-1 0.1 3 49.3 0.80 0.011 K10-6 1.5 5 64.7 0.60 0.162
N3-8 0.3 3 49.3 0.80 0.033 K3-2 0.6 3 49.3 0.80 0.066 K10-7 1.0 3 49.3 0.60 0.082
N3-9 2.7 3 49.3 0.60 0.222 K3-3 6.2 5 64.7 0.80 0.891 K10-8 0.8 3 49.3 0.60 0.066
N3-10 0.7 3 49.3 0.80 0.077 K3-4 6.1 5 64.7 0.80 0.877 K10-9 0.3 3 49.3 0.60 0.025
N4-1 1.7 5 64.7 0.60 0.183 K3-5 0.1 3 49.3 0.80 0.011 K10-10 1.3 3 49.3 0.60 0.107
N4-2 1.7 3 49.3 0.60 0.140 K3-6 1.2 3 49.3 0.80 0.131 K10-11 3.0 5 64.7 0.60 0.324
N4-3 0.4 3 49.3 0.80 0.044 K3-7 1.8 5 64.7 0.80 0.259 K10-12 0.6 3 49.3 0.60 0.049
N4-4 2.0 5 64.7 0.60 0.216 K3-8 1.6 5 64.7 0.80 0.230 K10-13 2.4 3 49.3 0.60 0.197
N4-5 2.0 3 49.3 0.60 0.164 K3-9 0.2 3 49.3 0.80 0.022 K11-1 2.8 5 64.7 0.60 0.302
N4-6 0.4 3 49.3 0.60 0.033 K3-10 1.6 3 49.3 0.80 0.175 K11-2 1.7 5 64.7 0.60 0.183
N4-7 3.9 5 64.7 0.60 0.421 K3-11 0.4 3 49.3 0.80 0.044 K11-3 0.8 3 49.3 0.60 0.066
N4-8 0.5 3 49.3 0.60 0.041 K4-1 0.5 3 49.3 0.80 0.055 K11-4 1.2 3 49.3 0.60 0.099
N4-9 3.9 3 49.3 0.60 0.320 K4-2 4.9 3 49.3 0.80 0.537 K11-5 0.3 3 49.3 0.60 0.025
N4-10 3.1 5 64.7 0.60 0.334 K4-3 4.0 5 64.7 0.80 0.575 K11-6 0.5 3 49.3 0.60 0.041
N4-11 0.4 3 49.3 0.60 0.033 K4-4 4.0 3 49.3 0.80 0.438 K11-7 2.7 5 64.7 0.60 0.291
N4-12 3.1 3 49.3 0.60 0.255 K4-5 1.0 5 64.7 0.80 0.144 K11-8 1.6 5 64.7 0.60 0.173
N4-13 1.8 5 64.7 0.60 0.194 K4-6 1.0 3 49.3 0.80 0.110 K11-9 1.1 3 49.3 0.60 0.090
N4-14 0.3 3 49.3 0.60 0.025 K4-7 1.3 5 64.7 0.80 0.187 K11-10 1.6 3 49.3 0.60 0.131
N4-15 1.8 3 49.3 0.60 0.148 K4-8 1.3 5 64.7 0.80 0.187 K12-1 0.2 3 49.3 0.80 0.022
N4-16 1.5 5 64.7 0.60 0.162 K4-9 1.0 5 64.7 0.80 0.144 K12-2 2.8 3 49.3 0.60 0.230
N4-17 0.3 3 49.3 0.60 0.025 K4-10 0.3 3 49.3 0.80 0.033 K12-3 3.0 5 64.7 0.80 0.431
N4-18 1.5 3 49.3 0.60 0.123 K4-11 1.0 3 49.3 0.80 0.110 K12-4 2.8 5 64.7 0.80 0.403
N5-1 19.0 3 49.3 0.60 1.561 K5-1 0.1 3 49.3 0.80 0.011 K12-5 0.2 3 49.3 0.80 0.022
N5-2 28.8 3 49.3 0.60 2.366 K5-2 1.0 3 49.3 0.80 0.110 K12-6 2.8 3 49.3 0.60 0.230

38.5 (←t=14.5min) 1.848 K5-3 0.2 3 49.3 0.80 0.022 K13-1 0.2 3 49.3 0.80 0.022
N5-3 17.6 5 64.7 0.60 1.898 K5-4 0.9 3 49.3 0.80 0.099 K13-2 1.6 3 49.3 0.60 0.131
N5-4 28.8 3 49.3 0.60 2.366 K5-5 0.7 3 49.3 0.80 0.077 K13-3 0.5 3 49.3 0.80 0.055

35.5 (←t=16.4min) 1.704 K5-6 0.2 5 64.7 0.80 0.029 K13-4 5.8 3 49.3 0.60 0.477
N5-5 1.2 3 49.3 0.60 0.099 K5-7 0.2 3 49.3 0.80 0.022 K14-1 1.9 3 49.3 0.80 0.208
N5-6 11.7 3 49.3 0.60 0.961 K5-8 0.6 3 49.3 0.80 0.066 K14-2 0.6 5 64.7 0.80 0.086

35.5 (←t=16.4min) 0.692 K5-9 1.3 3 49.3 0.80 0.142 K14-3 0.2 5 64.7 0.80 0.029
N5-7 5.9 3 49.3 0.60 0.485 K6-1 4.1 5 64.7 0.60 0.442 K14-4 3.9 3 49.3 0.80 0.427
N5-8 28.6 3 49.3 0.60 2.350 58.2 (←t=11.7min) 0.398 K14-5 3.6 5 64.7 0.80 0.518

36.1 (←t=16.0min) 1.721 K6-2 0.3 3 49.3 0.80 0.033 K14-6 3.4 5 64.7 0.80 0.489
N5-9 17.9 5 64.7 0.60 1.930 K6-3 0.2 3 49.3 0.80 0.022 K14-7 0.6 3 49.3 0.80 0.066
N5-10 10.7 3 49.3 0.60 0.879 K6-4 3.6 5 64.7 0.80 0.518 K14-8 0.3 3 49.3 0.80 0.033

39.8 (←t=13.8min) 0.710 58.9 (←t=11.5min) 0.471
N5-11 17.9 3 49.3 0.60 1.471 K6-5 1.9 3 49.3 0.60 0.156

42.1 (←t=12.7min) 1.256 K6-6 1.7 3 49.3 0.60 0.140
N5-12 8.9 3 49.3 0.60 0.731 K6-7 0.5 3 49.3 0.60 0.041
N5-13 1.6 3 49.3 0.60 0.131 K6-8 0.5 3 49.3 0.60 0.041
N5-14 8.7 5 64.7 0.60 0.938 K7-1 8.8 5 64.7 0.50 0.791

55.7 (←t=12.5min) 0.808 K7-2 7.8 5 64.7 0.50 0.701
N5-15 8.7 3 49.3 0.60 0.715 K7-3 1.0 3 49.3 0.80 0.110
N5-16 1.4 3 49.3 0.60 0.115 K7-4 3.5 3 49.3 0.50 0.240
N5-17 19.6 3 49.3 0.60 1.610 K7-5 4.3 3 49.3 0.50 0.294

46.3 (←t=11.0min) 1.512 K7-6 7.5 5 64.7 0.50 0.674
N5-18 16.2 5 64.7 0.60 1.747 K7-7 6.5 5 64.7 0.50 0.584
N5-19 16.2 3 49.3 0.60 1.331 K7-8 1.0 3 49.3 0.80 0.110

45.5 (←t=11.3min) 1.229 K7-9 3.2 3 49.3 0.50 0.219
N5-20 3.4 3 49.3 0.60 0.279 K7-10 3.3 3 49.3 0.50 0.226
N5-21 0.2 3 49.3 0.60 0.016 K7-11 7.6 5 64.7 0.50 0.683
N5-22 10.7 3 49.3 0.60 0.879 K7-12 7.0 5 64.7 0.50 0.629
N5-23 10.7 3 49.3 0.60 0.879 K7-13 0.6 3 49.3 0.80 0.066
N5-24 10.8 3 49.3 0.60 0.887 K7-14 3.6 3 49.3 0.50 0.247
N5-25 8.2 3 49.3 0.60 0.674 K7-15 3.4 3 49.3 0.50 0.233
N5-26 6.8 5 64.7 0.60 0.733 K7-16 5.6 5 64.7 0.50 0.503
N5-27 1.4 3 49.3 0.60 0.115 K7-17 5.3 5 64.7 0.50 0.476
N5-28 6.8 3 49.3 0.60 0.559 K7-18 0.3 3 49.3 0.80 0.033
N6-1 0.3 3 49.3 0.80 0.033 K7-19 2.5 3 49.3 0.50 0.171
N6-2 0.3 3 49.3 0.80 0.033 K7-20 2.8 3 49.3 0.50 0.192
N6-3 0.9 3 49.3 0.80 0.099 K7-21 6.1 5 64.7 0.50 0.548
N6-4 0.3 3 49.3 0.80 0.033 K7-22 6.1 5 64.7 0.50 0.548
N6-5 0.9 5 64.7 0.80 0.129 K7-23 2.5 3 49.3 0.50 0.171
N7-1 4.6 3 49.3 0.60 0.378 K7-24 3.6 3 49.3 0.50 0.247
N7-2 4.2 5 64.7 0.60 0.453 K7-25 6.6 5 64.7 0.50 0.593
N7-3 2.8 3 49.3 0.60 0.230 K7-26 4.0 3 49.3 0.50 0.274
N7-4 4.2 3 49.3 0.60 0.345 K7-27 2.6 3 49.3 0.50 0.178
N7-5 1.9 3 49.3 0.60 0.156 K7-28 12.5 5 64.7 0.50 1.123
N8-1 0.8 3 49.3 0.60 0.066 K7-29 11.6 5 64.7 0.50 1.042
N8-2 0.8 3 49.3 0.60 0.066 K7-30 0.9 3 49.3 0.80 0.099
N8-3 4.2 3 49.3 0.80 0.460 K7-31 11.6 3 49.3 0.50 0.794
N8-4 94.6 3 49.3 0.60 7.773 K8-1 1.2 3 49.3 0.60 0.099

24.5 (←t=28.6min) 3.863 K8-2 6.4 3 49.3 0.60 0.526
N8-5 61.3 3 49.3 0.60 5.037 K8-3 0.9 5 64.7 0.60 0.097

30.2 (←t=20.9min) 3.085 K8-4 0.9 3 49.3 0.80 0.099
N8-6 44.1 3 49.3 0.60 3.624 K8-5 0.9 3 49.3 0.80 0.099

30.0 (←t=21.1min) 2.205 K8-6 6.4 3 49.3 0.60 0.526
N8-7 15.3 3 49.3 0.60 1.257 K8-7 0.3 3 49.3 0.80 0.033

33.1 (←t=18.2min) 0.844 K8-8 7.9 3 49.3 0.60 0.649
N8-8 2.3 3 49.3 0.60 0.189
N8-9 17.7 3 49.3 0.60 1.454

25.3 (←t=27.2min) 0.746
N8-10 6.0 3 49.3 0.60 0.493
N8-11 21.6 3 49.3 0.60 1.775

26.9 (←t=24.9min) 0.968
N8-12 6 5 64.7 0.60 0.647

36.9 (←t=23.2min) 0.369
N8-13 27.6 5 64.7 0.60 2.976
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 A7-51

(11)  CALCULATION OF VELOCITY AND DEPTH (Side Ditch) (1/3) 
No. Ditch Width Wall Slope Roughness Discharge Gradient Velocity W. Depth Sec. Area R L Remarks

B(m) (1:ｍ) ｎ Q(m3/sec) i(%/100) V(m/sec) (m) (m
2
) (m) (m) t1(min) t2(min) t1+t2

N1-1 0.65 0.3 0.025 0.570 0.005 1.154 0.596 0.494 0.261 500 5.0 7.2 12.2 DM-650
N1-3 0.50 0 0.015 0.252 0.010 1.746 0.289 0.144 0.134 500 5.0 4.8 9.8 DC-500-C
N1-4 0.50 0 0.015 0.318 0.010 1.841 0.346 0.173 0.145 500 5.0 4.5 9.5 DC-500-C
N1-5 0.50 0 0.015 0.175 0.005 1.229 0.285 0.143 0.133 330 5.0 4.5 9.5 DC-500-C
N1-6 0.50 0 0.015 0.263 0.005 1.345 0.390 0.195 0.152 330 5.0 4.1 9.1 DC-500-C
N2-1 0.50 0.3 0.025 0.263 0.030 1.862 0.246 0.141 0.139 310 5.0 2.8 7.8 DM-500
N2-2 0.50 0.3 0.025 0.263 0.030 1.862 0.246 0.141 0.139 310 5.0 2.8 7.8 DM-500
N3-2 0.50 0.3 0.025 0.214 0.015 1.366 0.269 0.156 0.147 390 5.0 4.8 9.8 DM-500
N3-3 0.50 0.3 0.025 0.252 0.015 1.426 0.300 0.177 0.157 420 5.0 4.9 9.9 DM-500
N3-4 0.50 0.3 0.025 0.099 0.015 1.101 0.163 0.090 0.107 260 5.0 3.9 8.9 DM-500
N3-5 0.50 0.3 0.025 0.140 0.015 1.217 0.204 0.115 0.124 260 5.0 3.6 8.6 DM-500
N3-7 0.50 0.3 0.025 0.115 0.020 1.275 0.164 0.090 0.107 160 5.0 2.1 7.1 DM-500
N3-8 0.50 0.3 0.025 0.033 0.020 0.855 0.074 0.038 0.059 160 5.0 3.1 8.1 DM-500
N3-9 0.50 0.3 0.025 0.222 0.020 1.533 0.251 0.145 0.141 460 5.0 5.0 10.0 DM-800
N3-10 0.50 0.3 0.025 0.077 0.020 1.128 0.126 0.068 0.089 460 5.0 6.8 11.8 DM-500 Existing
N4-2 0.50 0.3 0.025 0.140 0.015 1.217 0.204 0.115 0.124 290 5.0 4.0 9.0 DM-500
N4-3 0.50 0.3 0.025 0.044 0.015 0.855 0.097 0.051 0.073 290 5.0 5.7 10.7 DM-500
N4-5 0.50 0.3 0.025 0.164 0.015 1.273 0.227 0.129 0.132 270 5.0 3.5 8.5 DM-650
N4-6 0.50 0.3 0.025 0.033 0.015 0.778 0.081 0.042 0.063 270 5.0 5.8 10.8 DM-500
N4-8 0.50 0.3 0.025 0.041 0.015 0.837 0.093 0.049 0.071 360 5.0 7.2 12.2 DM-500
N4-9 0.50 0.3 0.025 0.320 0.015 1.515 0.350 0.212 0.172 360 5.0 4.0 9.0 DM-500
N4-11 0.50 0.3 0.025 0.033 0.015 0.778 0.081 0.042 0.063 360 5.0 7.7 12.7 DM-500
N4-12 0.50 0.3 0.025 0.255 0.015 1.430 0.302 0.178 0.158 360 5.0 4.2 9.2 DM-500
N4-14 0.50 0.3 0.025 0.025 0.005 0.490 0.095 0.050 0.072 360 5.0 12.3 17.3 DM-500
N4-15 0.50 0.3 0.025 0.148 0.005 0.827 0.303 0.179 0.158 360 5.0 7.3 12.3 DM-500
N4-17 0.50 0.3 0.025 0.025 0.020 0.775 0.061 0.032 0.051 360 5.0 7.7 12.7 DM-500
N4-18 0.50 0.3 0.025 0.123 0.020 1.301 0.172 0.095 0.110 360 5.0 4.6 9.6 DM-500
N5-1 1.00 0.3 0.025 1.561 0.010 1.933 0.672 0.808 0.336 580 5.0 5.0 10.0 DM-1000
N5-2 1.60 0.3 0.025 2.366 0.010 2.116 0.626 1.118 0.385 1210 5.0 9.5 14.5

1.20 0.3 0.025 1.848 0.010 2.013 0.657 0.918 0.357 1210 5.0 10.0 15.0 DM-1200
N5-3 1.00 0.3 0.015 1.898 0.005 2.296 0.686 0.827 0.340 460 5.0 3.3 8.3 DC-1000-C
N5-4 2.20 0.3 0.025 2.366 0.005 1.596 0.621 1.483 0.424 1090 5.0 11.4 16.4

1.20 0.3 0.025 1.704 0.005 1.524 0.780 1.118 0.395 1090 5.0 11.9 16.9 DM-1200
N5-5 0.50 0.3 0.025 0.099 0.005 0.743 0.233 0.133 0.135 640 5.0 14.4 19.4 DM-500
N5-6 0.80 0.3 0.025 0.961 0.005 1.316 0.719 0.730 0.317 640 5.0 8.1 13.1

0.65 0.3 0.025 0.692 0.005 1.208 0.673 0.573 0.279 640 5.0 8.8 13.8 DM-650
N5-7 0.50 0.3 0.025 0.485 0.005 1.096 0.640 0.442 0.241 1090 5.0 16.6 21.6 DM-650
N5-8 2.20 0.3 0.025 2.350 0.005 1.593 0.618 1.475 0.423 1090 5.0 11.4 16.4

1.20 0.3 0.025 1.721 0.005 1.527 0.785 1.127 0.397 1090 5.0 11.9 16.9 DM-1200
N5-9 1.00 0.3 0.015 1.930 0.005 2.306 0.693 0.837 0.342 880 5.0 6.4 11.4 DC-1200-C
N5-10 0.65 0.3 0.025 0.879 0.010 1.666 0.629 0.528 0.269 880 5.0 8.8 13.8

0.65 0.3 0.025 0.710 0.010 1.584 0.550 0.448 0.249 880 5.0 9.3 14.3 DM-650
N5-11 0.80 0.3 0.025 1.471 0.010 1.896 0.756 0.776 0.326 880 5.0 7.7 12.7

0.80 0.3 0.015 1.256 0.010 2.685 0.494 0.468 0.256 880 5.0 5.5 10.5 DC-1000-C
N5-12 0.65 0.3 0.025 0.731 0.010 1.595 0.560 0.458 0.252 400 5.0 4.2 9.2 DM-650
N5-13 0.50 0.3 0.025 0.131 0.010 1.034 0.224 0.127 0.131 1100 5.0 17.7 22.7 DM-650
N5-15 0.65 0.3 0.025 0.715 0.005 1.216 0.687 0.588 0.282 980 5.0 13.4 18.4 DM-650
N5-16 0.50 0.3 0.025 0.115 0.005 0.774 0.257 0.149 0.143 980 5.0 21.1 26.1 DM-650
N5-17 0.80 0.3 0.025 1.610 0.010 1.936 0.800 0.832 0.337 700 5.0 6.0 11.0
N5-14 1.00 0.3 0.015 0.808 0.005 1.841 0.400 0.448 0.244 980 5.0 8.9 13.9 DM-1000-C Cross ditch
N5-18 1.00 0.3 0.015 1.747 0.005 2.249 0.650 0.777 0.330 700 5.0 5.2 10.2 DC-1000-C Cross ditch
N5-19 0.80 0.3 0.025 1.331 0.010 1.852 0.710 0.719 0.315 700 5.0 6.3 11.3

1.00 0.3 0.025 1.229 0.010 1.819 0.576 0.676 0.307 700 5.0 6.4 11.4 DM-1000
N5-20 0.50 0.3 0.025 0.279 0.010 1.257 0.365 0.222 0.176 700 5.0 9.3 14.3 DM-650
N5-21 0.50 0.3 0.025 0.016 0.015 0.612 0.052 0.027 0.044 100 5.0 2.7 7.7 DM-500
N5-22 0.65 0.3 0.025 0.879 0.010 1.666 0.629 0.528 0.269 620 5.0 6.2 11.2 DM-650
N5-23 0.65 0.3 0.025 0.879 0.010 1.666 0.629 0.528 0.269 620 5.0 6.2 11.2 DM-650
N5-24 0.65 0.3 0.025 0.887 0.010 1.669 0.633 0.532 0.270 620 5.0 6.2 11.2 DM-650
N5-25 0.50 0.3 0.025 0.674 0.010 1.543 0.633 0.437 0.240 240 5.0 2.6 7.6 DM-650
N5-26 1.00 0.3 0.015 0.733 0.005 1.800 0.380 0.423 0.236 240 5.0 2.2 7.2 DC-1000-C Cross ditch
N5-27 0.50 0.3 0.025 0.115 0.010 0.996 0.206 0.115 0.124 240 5.0 4.0 9.0 DM-500
N5-28 0.50 0.3 0.025 0.559 0.010 1.480 0.564 0.378 0.225 240 5.0 2.7 7.7 DM-500
N6-1 0.50 0 0.015 0.033 0.030 1.357 0.048 0.024 0.040 260 5.0 3.2 8.2 DC-500-C
N6-2 0.50 0 0.015 0.033 0.030 1.357 0.048 0.024 0.040 260 5.0 3.2 8.2 DC-500-C
N6-3 0.50 0 0.015 0.099 0.030 1.988 0.100 0.050 0.071 130 5.0 1.1 6.1 DC-500-C
N6-4 0.50 0 0.015 0.033 0.030 1.357 0.048 0.024 0.040 130 5.0 1.6 6.6 DC-500-C
N7-1 0.80 0.3 0.025 0.378 0.005 1.041 0.395 0.363 0.223 550 5.0 8.8 13.8 DM-800
N7-3 0.50 0.3 0.025 0.230 0.010 1.198 0.322 0.192 0.164 470 5.0 6.5 11.5 DM-800
N7-4 0.50 0.3 0.025 0.345 0.010 1.323 0.417 0.261 0.190 470 5.0 5.9 10.9 DM-500
N7-5 0.50 0.3 0.025 0.156 0.005 0.838 0.314 0.186 0.161 390 5.0 7.8 12.8 DM-650
N8-1 0.50 0.3 0.025 0.066 0.020 1.074 0.114 0.061 0.083 300 15.0 4.7 19.7 DM-650
N8-2 0.50 0.3 0.025 0.066 0.020 1.074 0.114 0.061 0.083 300 15.0 4.7 19.7 DM-500
N8-3 0.50 0.3 0.025 0.460 0.020 1.845 0.402 0.249 0.186 2950 15.0 26.7 41.7 DM500
N8-4 2.00 0.3 0.013 7.773 0.005 3.616 0.942 2.150 0.542 2950 15.0 13.6 28.6

1.80 0.3 0.015 3.863 0.005 2.706 0.709 1.427 0.435 2950 15.0 18.2 33.2 - *Existing Ditch
N8-5 1.40 0.3 0.013 5.037 0.005 3.263 0.921 1.544 0.465 1150 15.0 5.9 20.9

1.20 0.3 0.015 3.085 0.005 2.593 0.823 1.190 0.408 1150 15.0 7.4 22.4 - *Existing Ditch
N8-6 2.00 0.3 0.030 3.624 0.010 2.054 0.789 1.764 0.484 750 15.0 6.1 21.1

1.20 0.3 0.025 2.205 0.010 2.107 0.737 1.047 0.382 750 15.0 5.9 20.9 DM-1200
N8-7 0.80 0.3 0.025 1.257 0.005 1.401 0.851 0.898 0.348 270 15.0 3.2 18.2

1.00 0.3 0.025 0.844 0.005 1.276 0.565 0.661 0.303 270 15.0 3.5 18.5 DM-1000
N8-8 0.50 0.3 0.030 0.189 0.030 1.490 0.224 0.127 0.131 650 15.0 7.3 22.3 DM-500
N8-9 0.65 0.3 0.030 1.454 0.030 2.481 0.685 0.586 0.282 650 15.0 4.4 19.4

0.65 0.3 0.030 0.746 0.030 2.116 0.449 0.352 0.222 650 15.0 5.1 20.1 DM-650
N8-10 0.50 0.3 0.030 0.493 0.025 1.777 0.439 0.277 0.196 1450 15.0 13.6 28.6 DM-500
N8-11 0.80 0.3 0.030 1.775 0.025 2.447 0.715 0.725 0.316 1450 15.0 9.9 24.9

0.65 0.3 0.030 0.968 0.025 2.104 0.562 0.460 0.252 1450 15.0 11.5 26.5 DM-650
N8-13 1.00 0.3 0.025 2.976 0.015 2.636 0.891 1.129 0.395 1450 15.0 9.2 24.2 DM-1000
N9-1 0.50 0.3 0.025 0.082 0.020 1.152 0.132 0.071 0.092 920 5.0 13.3 18.3 DM-500
N9-2 0.50 0.3 0.025 0.044 0.020 0.942 0.088 0.047 0.068 220 5.0 3.9 8.9 - *Existing Ditch
N9-3 0.50 0.3 0.025 0.058 0.020 1.030 0.105 0.056 0.078 360 5.0 5.8 10.8 DM-500

t(min)
Spec.
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(11)  CALCULATION OF VELOCITY AND DEPTH (Side Ditch) (2/3) 
No. Ditch Width Wall Slope Roughness Discharge Gradient Velocity W. Depth Sec. Area R L Remarks

B(m) (1:ｍ) ｎ Q(m3/sec) i(%/100) V(m/sec) (m) (m
2
) (m) (m) t1(min) t2(min) t1+t2

K1-1 0.50 0.3 0.025 0.044 0.030 1.078 0.078 0.041 0.061 920 5.0 14.2 19.2 DM-500
K1-2 0.50 0.3 0.030 0.953 0.030 2.218 0.625 0.430 0.238 1260 5.0 9.5 14.5 DM-500
K1-4 0.50 0.3 0.025 0.444 0.020 1.829 0.393 0.243 0.184 950 5.0 8.7 13.7 DM-500
K1-6 0.50 0.3 0.025 0.131 0.040 1.692 0.143 0.078 0.097 140 5.0 1.4 6.4 DM-500
K2-1 0.50 0.3 0.025 0.022 0.025 0.799 0.053 0.027 0.045 310 5.0 6.5 11.5 DM-500
K2-2 0.50 0.3 0.025 0.435 0.025 1.981 0.361 0.220 0.175 310 5.0 2.6 7.6 DM-500
K2-3 0.50 0.3 0.025 0.044 0.005 0.588 0.138 0.075 0.095 280 5.0 7.9 12.9 DM-500
K2-4 0.50 0.3 0.025 0.247 0.005 0.938 0.420 0.263 0.191 310 5.0 5.5 10.5 DM-500 *Existing Ditch
K3-1 0.50 0.3 0.025 0.011 0.030 0.658 0.033 0.017 0.029 60 5.0 1.5 6.5 DM-500
K3-2 0.50 0.3 0.025 0.066 0.030 1.233 0.101 0.053 0.075 440 5.0 5.9 10.9 DM-500
K3-5 0.50 0 0.015 0.011 0.005 0.499 0.040 0.020 0.034 140 5.0 4.7 9.7 DC-500-C
K3-6 0.50 0 0.015 0.131 0.005 1.223 0.281 0.140 0.132 140 5.0 1.9 6.9 DC-500-C
K3-9 0.50 0 0.015 0.022 0.010 0.827 0.053 0.027 0.044 230 5.0 4.6 9.6 DC-500-C
K3-10 0.50 0 0.015 0.175 0.030 2.349 0.145 0.073 0.092 190 5.0 1.3 6.3 DC-500-C
K3-11 0.50 0.3 0.025 0.044 0.025 1.015 0.082 0.043 0.064 140 5.0 2.3 7.3 DC-500 *Existing Ditch
K4-1 0.50 0 0.015 0.055 0.025 1.541 0.072 0.036 0.056 730 5.0 7.9 12.9 DC-500-C
K4-2 0.50 0 0.015 0.537 0.025 2.951 0.364 0.182 0.148 730 5.0 4.1 9.1 DC-500-C
K4-4 0.50 0.3 0.025 0.438 0.005 1.071 0.601 0.409 0.233 290 5.0 4.5 9.5 DM-500 *Existing Ditch
K4-6 0.50 0.3 0.025 0.110 0.020 1.257 0.159 0.087 0.105 310 5.0 4.1 9.1 DM-500 *Existing Ditch
K4-10 0.50 0.3 0.025 0.033 0.015 0.778 0.081 0.042 0.063 150 5.0 3.2 8.2 DM-500 *Existing Ditch
K4-11 0.50 0.3 0.025 0.110 0.015 1.135 0.175 0.096 0.112 150 5.0 2.2 7.2 DM-500 *Existing Ditch
K5-1 0.50 0.2 0.015 0.011 0.030 0.909 0.024 0.012 0.022 190 5.0 3.5 8.5 DC-500
K5-2 0.50 0.3 0.025 0.110 0.030 1.448 0.140 0.076 0.096 190 5.0 2.2 7.2 DC-500 *Existing Ditch
K5-3 0.50 0.2 0.015 0.022 0.025 1.127 0.040 0.020 0.035 290 5.0 4.3 9.3 DC-500
K5-4 0.50 0.2 0.015 0.099 0.025 1.865 0.101 0.053 0.074 290 5.0 2.6 7.6 DC-500
K5-5 0.50 0.2 0.015 0.077 0.040 2.024 0.075 0.039 0.059 210 5.0 1.7 6.7 DC-500
K5-7 0.50 0.2 0.015 0.022 0.040 1.272 0.033 0.017 0.029 210 5.0 2.8 7.8 DC-500
K5-8 0.50 0.2 0.015 0.066 0.025 1.656 0.080 0.041 0.062 120 5.0 1.2 6.2 DC-500
K5-9 0.50 0.3 0.025 0.142 0.030 1.567 0.165 0.091 0.108 30 5.0 0.3 5.3 - *Existing
K6-2 0.50 0.3 0.025 0.033 0.015 0.778 0.081 0.042 0.063 420 5.0 9.0 14.0 - *Existing
K6-3 0.50 0.3 0.025 0.022 0.015 0.677 0.062 0.032 0.051 320 5.0 7.9 12.9 DM-500
K6-5 0.50 0.3 0.025 0.156 0.015 1.255 0.220 0.124 0.130 290 5.0 3.9 8.9 DM-500
K6-6 0.50 0.3 0.025 0.140 0.015 1.217 0.204 0.115 0.124 290 5.0 4.0 9.0 DM-500
K6-7 0.50 0.3 0.025 0.041 0.010 0.730 0.106 0.056 0.078 180 5.0 4.1 9.1 - *Existing
K6-8 0.50 0.3 0.025 0.041 0.010 0.730 0.106 0.056 0.078 140 5.0 3.2 8.2 - *Existing
K7-1 0.65 0.3 0.025 0.791 0.010 1.626 0.590 0.488 0.259 550 5.0 5.6 10.6 DM-650
K7-3 0.50 0.3 0.025 0.110 0.025 1.359 0.148 0.081 0.100 350 5.0 4.3 9.3 DM-500
K7-4 0.50 0.3 0.025 0.240 0.025 1.699 0.246 0.141 0.139 350 5.0 3.4 8.4 DM-500
K7-5 0.50 0.3 0.025 0.294 0.010 1.273 0.377 0.231 0.180 200 5.0 2.6 7.6 DM-650
K7-6 0.65 0.3 0.025 0.674 0.005 1.200 0.662 0.562 0.276 550 5.0 7.6 12.6 DM-650
K7-8 0.50 0.3 0.025 0.110 0.005 0.764 0.249 0.143 0.140 350 5.0 7.6 12.6 DM-500
K7-9 0.50 0.3 0.025 0.219 0.005 0.912 0.390 0.240 0.183 350 5.0 6.4 11.4 DM-500
K7-10 0.50 0.3 0.025 0.226 0.010 1.192 0.318 0.190 0.163 200 5.0 2.8 7.8 DM-500
K7-11 0.65 0.3 0.025 0.683 0.005 1.204 0.667 0.567 0.278 550 5.0 7.6 12.6 DM-650
K7-13 0.50 0.3 0.025 0.066 0.005 0.663 0.179 0.099 0.113 350 5.0 8.8 13.8 DM-500
K7-14 0.50 0.3 0.025 0.247 0.005 0.938 0.420 0.263 0.191 350 5.0 6.2 11.2 DM-500
K7-15 0.50 0.3 0.025 0.233 0.010 1.201 0.324 0.194 0.165 200 5.0 2.8 7.8 DM-500
K7-16 0.65 0.3 0.025 0.503 0.005 1.121 0.551 0.449 0.249 450 5.0 6.7 11.7 DM-650
K7-18 0.50 0.3 0.025 0.033 0.005 0.537 0.115 0.061 0.083 250 5.0 7.8 12.8 DM-500
K7-19 0.50 0.3 0.025 0.171 0.005 0.858 0.333 0.200 0.167 250 5.0 4.9 9.9 DM-500
K7-20 0.50 0.3 0.025 0.192 0.010 1.143 0.286 0.168 0.153 200 5.0 2.9 7.9 DM-500
K7-21 0.65 0.3 0.025 0.548 0.005 1.144 0.581 0.479 0.257 440 5.0 6.4 11.4 DM-650
K7-23 0.50 0.3 0.025 0.171 0.005 0.858 0.333 0.200 0.167 240 5.0 4.7 9.7 DM-500
K7-24 0.50 0.3 0.025 0.247 0.005 0.938 0.420 0.263 0.191 240 5.0 4.3 9.3 DM-500
K7-26 0.50 0.3 0.025 0.274 0.010 1.251 0.360 0.219 0.175 230 5.0 3.1 8.1 DM-500
K7-27 0.50 0.3 0.025 0.178 0.010 1.121 0.273 0.159 0.148 230 5.0 3.4 8.4 DM-500
K7-28 1.00 0.3 0.025 1.123 0.005 1.373 0.680 0.818 0.338 640 5.0 7.8 12.8 DM-1000
K7-29 1.00 0 0.015 1.042 0.005 1.921 0.543 0.543 0.260 640 5.0 5.6 10.6 DC-1000-C
K7-30 0.50 0.3 0.025 0.099 0.020 1.218 0.149 0.081 0.100 640 5.0 8.8 13.8 DM-500
K7-31 0.65 0.3 0.030 0.794 0.020 1.844 0.532 0.431 0.245 640 5.0 5.8 10.8 DM-650
K8-1 0.50 0.3 0.025 0.099 0.020 1.218 0.149 0.081 0.100 650 5.0 8.9 13.9 DM-500
K8-2 0.50 0.3 0.025 0.526 0.020 1.905 0.437 0.276 0.195 650 5.0 5.7 10.7 DM-500
K8-4 0.50 0.3 0.025 0.099 0.025 1.316 0.138 0.075 0.095 540 5.0 6.8 11.8 DM-500
K8-5 0.50 0.3 0.025 0.099 0.025 1.316 0.138 0.075 0.095 540 5.0 6.8 11.8 DM-500
K8-6 0.50 0.3 0.030 0.526 0.025 1.804 0.457 0.291 0.200 650 5.0 6.0 11.0 DM-500
K8-7 0.50 0.3 0.025 0.033 0.020 0.855 0.074 0.038 0.059 250 5.0 4.9 9.9 DM-500
K8-8 0.50 0.3 0.030 0.649 0.020 1.738 0.559 0.373 0.224 250 5.0 2.4 7.4 DM-500
K9-1 1.20 0.3 0.015 2.027 0.005 2.328 0.628 0.871 0.347 1070 5.0 7.7 12.7 DC-1200-C
K9-2 1.20 0.3 0.015 1.898 0.005 2.287 0.601 0.830 0.338 1070 5.0 7.8 12.8 DC-1200-C
K9-3 0.50 0.3 0.025 0.131 0.010 1.034 0.224 0.127 0.131 1070 5.0 17.3 22.3 DM-500
K9-4 0.80 0.3 0.025 1.205 0.010 1.809 0.666 0.666 0.304 1070 5.0 9.9 14.9

0.65 0.3 0.025 0.924 0.010 1.685 0.649 0.548 0.273 1070 5.0 10.6 15.6 DM-650
K9-5 0.65 0.3 0.025 0.911 0.010 1.679 0.643 0.542 0.272 790 5.0 7.8 12.8

0.65 0.3 0.025 0.774 0.010 1.617 0.581 0.479 0.257 790 5.0 8.1 13.1 DM-650
K9-6 0.65 0.3 0.025 0.527 0.005 1.133 0.567 0.465 0.254 480 5.0 7.1 12.1

0.50 0.3 0.025 0.464 0.005 1.085 0.623 0.428 0.238 480 5.0 7.4 12.4 DM-500
K10-1 0.50 0.2 0.015 0.033 0.005 0.755 0.083 0.043 0.064 120 5.0 2.6 7.6 DC-500
K10-2 0.50 0.2 0.015 0.016 0.005 0.604 0.055 0.028 0.046 120 5.0 3.3 8.3 DC-500
K10-4 0.50 0.2 0.015 0.033 0.005 0.757 0.084 0.043 0.064 100 5.0 2.2 7.2 DC-500
K10-5 0.50 0.2 0.015 0.041 0.005 0.830 0.100 0.052 0.074 100 5.0 2.0 7.0 DC-500
K10-7 0.50 0.2 0.015 0.082 0.015 1.507 0.110 0.057 0.079 190 5.0 2.1 7.1 DC-500
K10-8 0.50 0.2 0.015 0.066 0.015 1.437 0.100 0.052 0.074 190 5.0 2.2 7.2 DC-500
K10-9 0.50 0.2 0.015 0.025 0.005 0.740 0.080 0.041 0.062 140 5.0 3.2 8.2 DC-500
K10-10 0.50 0.2 0.015 0.107 0.005 1.116 0.190 0.102 0.115 360 5.0 5.4 10.4 DC-500
K10-12 0.50 0.2 0.015 0.049 0.005 0.907 0.120 0.063 0.084 140 5.0 2.6 7.6 DC-500
K10-13 0.50 0.2 0.015 0.197 0.005 1.303 0.280 0.156 0.145 360 5.0 4.6 9.6 DC-500
K11-3 0.50 0.2 0.015 0.066 0.005 0.975 0.140 0.074 0.094 310 5.0 5.3 10.3 DC-500
K11-4 0.50 0.2 0.015 0.099 0.005 1.091 0.180 0.096 0.111 310 5.0 4.7 9.7 DC-500
K11-5 0.50 0.2 0.015 0.025 0.005 0.810 0.095 0.049 0.071 140 5.0 2.9 7.9 DC-500
K11-6 0.50 0.2 0.015 0.041 0.005 0.830 0.100 0.052 0.074 140 5.0 2.8 7.8 DC-500
K11-9 0.50 0.2 0.015 0.090 0.010 1.333 0.130 0.068 0.089 270 5.0 3.4 8.4 DC-500
K11-10 0.50 0.2 0.015 0.131 0.010 1.505 0.170 0.091 0.107 270 5.0 3.0 8.0 DC-500
K12-1 0.50 0.2 0.015 0.022 0.005 0.740 0.080 0.041 0.062 330 5.0 7.4 12.4 DC-500
K12-2 0.50 0.2 0.015 0.230 0.005 1.346 0.305 0.171 0.152 330 5.0 4.1 9.1 DC-500
K12-5 0.50 0.2 0.015 0.022 0.005 0.740 0.080 0.041 0.062 320 5.0 7.2 12.2 DC-500
K12-6 0.50 0.2 0.015 0.230 0.005 1.354 0.310 0.174 0.154 320 5.0 3.9 8.9 DC-500
K13-1 0.50 0.3 0.025 0.022 0.020 0.743 0.057 0.029 0.048 260 5.0 5.8 10.8 DM-500
K13-2 0.50 0.3 0.025 0.131 0.020 1.326 0.179 0.099 0.113 260 5.0 3.3 8.3 DM-500
K13-3 0.50 0.3 0.025 0.055 0.020 1.013 0.102 0.054 0.076 370 5.0 6.1 11.1 DM-500
K13-4 0.50 0.3 0.025 0.477 0.020 1.860 0.411 0.256 0.189 370 5.0 3.3 8.3 DM-500
K14-1 0.50 0 0.015 0.208 0.030 2.496 0.168 0.084 0.100 270 5.0 1.8 6.8 DC-500-C
K14-4 0.50 0.2 0.015 0.427 0.030 3.103 0.260 0.144 0.139 590 5.0 3.2 8.2 DC-500
K14-7 0.50 0.3 0.025 0.066 0.010 0.846 0.143 0.078 0.097 150 5.0 3.0 8.0 - *Existing
K14-8 0.50 0.3 0.025 0.033 0.010 0.679 0.092 0.048 0.070 50 5.0 1.2 6.2 - *Existing

t(min)
Spec.
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(11)  CALCULATION OF VELOCITY AND DEPTH (Cross Culvert) (3/3) 
No. Pipe Dia. Roughness Discharge Gradient Velocity W. Depth Sec. Area R L Remarks

φ(m) ｎ Q(m3/sec) i(%/100) V(m/sec) (m) (m2) (m) (m) t1(min) t2(min) t1+t2

N1-2 0.718 0.013 0.417 0.005 1.806 0.399 0.231 0.191 500 5.0 4.6 9.6 DP-750
N3-1 0.596 0.013 0.324 0.005 1.681 0.388 0.192 0.172 390 5.0 3.9 8.9 DP-600
N3-6 0.596 0.013 0.151 0.005 1.398 0.245 0.108 0.130 160 5.0 1.9 6.9 DP-600
N4-1 0.596 0.013 0.183 0.005 1.471 0.273 0.125 0.141 290 5.0 3.3 8.3 DP-750
N4-4 0.596 0.013 0.216 0.005 1.533 0.300 0.141 0.150 270 5.0 2.9 7.9 DP-750
N4-7 0.718 0.013 0.421 0.005 1.809 0.401 0.232 0.192 360 5.0 3.3 8.3 DP-750
N4-10 0.596 0.013 0.334 0.005 1.692 0.397 0.198 0.174 290 5.0 2.9 7.9 DP-750
N4-13 0.596 0.013 0.194 0.005 1.493 0.282 0.130 0.144 270 5.0 3.0 8.0 - *Existing
N4-16 0.596 0.013 0.162 0.005 1.423 0.254 0.114 0.134 220 5.0 2.6 7.6 DP-750
N6-5 0.596 0.013 0.129 0.005 1.340 0.225 0.097 0.122 130 5.0 1.6 6.6 DP-600
N7-2 0.718 0.013 0.453 0.005 1.840 0.420 0.246 0.197 550 5.0 5.0 10.0 - *Existing
N8-12 0.854 0.013 0.647 0.005 2.016 0.468 0.321 0.226 2200 5.0 18.2 23.2

0.596 0.013 0.369 0.005 1.721 0.428 0.214 0.178 2200 5.0 21.3 26.3 DP-750
K1-3 1.100 0.013 1.154 0.005 2.331 0.568 0.495 0.281 1260 5.0 9.0 14.0

0.854 0.013 0.922 0.005 2.172 0.593 0.425 0.252 1260 5.0 9.7 14.7 - *Existing
K1-5 0.596 0.013 0.345 0.005 1.702 0.407 0.203 0.175 400 5.0 3.9 8.9 － *Existing
K3-3 0.718 0.013 0.891 0.010 2.770 0.532 0.322 0.216 640 5.0 3.9 8.9 DP-750
K3-4 0.718 0.013 0.877 0.010 2.764 0.525 0.317 0.215 150 5.0 0.9 5.9 DP-750
K3-7 0.596 0.013 0.259 0.005 1.602 0.335 0.162 0.160 250 5.0 2.6 7.6 DP-750
K3-8 0.596 0.013 0.230 0.005 1.558 0.312 0.148 0.153 250 5.0 2.7 7.7 DP-750
K4-3 0.718 0.013 0.575 0.005 1.932 0.495 0.298 0.212 580 5.0 5.0 10.0 - *Existing
K4-5 0.596 0.013 0.144 0.005 1.379 0.238 0.104 0.128 290 5.0 3.5 8.5 - *Existing
K5-6 0.596 0.013 0.029 0.005 0.871 0.105 0.033 0.064 210 5.0 4.0 9.0 - *Existing
K6-1 0.718 0.013 0.442 0.005 1.830 0.414 0.242 0.195 740 5.0 6.7 11.7

0.718 0.013 0.398 0.005 1.785 0.387 0.223 0.188 740 5.0 6.9 11.9 DP-750
K6-4 0.718 0.013 0.518 0.005 1.894 0.459 0.273 0.205 740 5.0 6.5 11.5

0.718 0.013 0.471 0.005 1.856 0.431 0.254 0.199 740 5.0 6.6 11.6 DP-750
K7-2 0.718 0.013 0.701 0.005 1.973 0.589 0.355 0.218 550 5.0 4.6 9.6 DP-750
K7-7 0.718 0.013 0.584 0.005 1.937 0.501 0.302 0.212 550 5.0 4.7 9.7 DP-750
K7-12 0.718 0.013 0.629 0.005 1.958 0.531 0.321 0.216 550 5.0 4.7 9.7 DP-750
K7-17 0.718 0.013 0.476 0.005 1.861 0.434 0.256 0.200 450 5.0 4.0 9.0 DP-750
K7-22 0.718 0.013 0.548 0.005 1.915 0.478 0.286 0.209 440 5.0 3.8 8.8 DP-750
K7-25 0.718 0.013 0.593 0.005 1.942 0.507 0.305 0.213 430 5.0 3.7 8.7 DP-750
K8-3 0.596 0.013 0.097 0.005 1.238 0.193 0.078 0.109 540 5.0 7.3 12.3 DP600
K10-6 0.718 0.013 0.162 0.005 1.408 0.235 0.115 0.132 290 5.0 3.4 8.4 DP-600
K10-11 0.718 0.013 0.324 0.005 1.701 0.345 0.192 0.175 500 5.0 4.9 9.9 DP-750
K11-2 0.718 0.013 0.183 0.005 1.455 0.250 0.125 0.138 450 5.0 5.2 10.2 DP-750
K11-8 0.596 0.013 0.173 0.005 1.448 0.264 0.119 0.137 270 5.0 3.1 8.1 DP-600
K12-3 0.718 0.013 0.431 0.005 1.820 0.407 0.237 0.194 320 5.0 2.9 7.9 DP-750
K12-4 0.718 0.013 0.403 0.005 1.791 0.390 0.225 0.189 290 5.0 2.7 7.7 DP-750
K14-2 0.596 0.013 0.086 0.005 1.197 0.182 0.072 0.103 690 5.0 9.6 14.6 DP-750
K14-3 0.596 0.013 0.029 0.005 0.871 0.105 0.033 0.064 690 5.0 13.2 18.2 DP-750
K14-6 0.596 0.013 0.489 0.010 2.412 0.410 0.205 0.176 480 5.0 3.3 8.3 DP-600

t(min)
Spec.
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