42 6
2014 6

JOURNAL OF TONGJI UNIVERSITY(NATURAL SCIENCE)

) Vol. 42 No. 6
Jun. 2014

: 0253-374X(2014)06-0930-07

(1. s 9990775 2.

H H 3 H

. TU991. 1 : A

Simulation for Reliability of Pressured Gravity

Water Transportation in Long Distance

LI Cuimei***, GAO Kuo®, WANG Hao®, CHEN Ji!

(1. Department of Civil Engineering, The University of Hong Kong,
Hong Kong 999077, China; 2. College of Environmental Science and
Engineering, Suzhou University of Science and Technology, Suzhou
215011, China; 3. China Institute of Water Resources and Hydropower
Research, Beijing 100044, China)

Abstract: By studying the pressured gravity water

transportation in long distance, a reliability model was
proposed with the fulfillment of water demand (the ratio
between water delivered and water demand) as the reliability
(R.) quantitative index. A case study was made of the model
in simulating the system reliability variety in different
connection pipe distance(CPD) during failure states due to the
unavailability of a pipe by taking into account the probability
of the failure events. The result shows as the number of the
connection pipes goes on, the system reliability begins to
stabilize; with the same connection pipe distance, a longer

transportation distance results in a lower system reliability

and the reliability difference caused by transportation distance
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reduces with the decreasing of the connection pipe distance.
Based on the above, the connection pipe distance was
quantitatively calculated under the required reliability of the
long distance pressured gravity water transfer system, then,
the reference value of the connection pipe distance was

which

provides the basis for improving the long distance water

proposed during different transportation distances,

transportation.
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Tab.1 Results of the reliability modeling
L=40 km L=60 km L=80 km L=100 km
8 Crp/km R. Cen/km R. Cen/km R. Con/km R.
0 40. 00 0.661 60. 00 0. 565 80. 00 0.493 100. 00 0.438
1 20. 00 0.714 30. 00 0.617 40. 00 0.538 50. 00 0.474
2 13.33 0.755 20. 00 0.663 26.67 0.585 33.33 0.518
3 10. 00 0. 786 15. 00 0. 700 20.00 0.625 25.00 0.558
4 8.00 0. 810 12.00 0. 730 16. 00 0. 657 20. 00 0.592
5 6.67 0.829 10. 00 0.754 13.33 0. 685 16. 67 0.621
6 5.71 0. 844 8.57 0.774 11. 43 0.708 14.29 0. 647
7 5. 00 0. 857 7.50 0. 791 10. 00 0.728 12.50 0.669
8 4.44 0. 868 6.67 0. 805 8. 89 0. 746 11. 11 0.689
9 4.00 0. 877 6.00 0. 818 8. 00 0.761 10. 00 0.706
10 3.64 0. 885 5.45 0.829 7.27 0.774 9.09 0.721
11 3.33 0.892 5.00 0. 839 6.67 0. 786 8.33 0. 735
12 3.08 0. 898 4.62 0. 848 6.15 0.797 7.69 0.748
13 2.86 0.904 4.29 0. 855 5.71 0. 807 7.14 0.759
14 2.67 0.909 4. 00 0. 862 5.33 0. 816 6.67 0. 769
15 2.50 0.913 3.75 0. 869 5. 00 0. 824 6.25 0.779
16 2.35 0.917 3.53 0. 874 4.71 0.831 5. 88 0.788
17 2.22 0.921 3.33 0. 880 4. 44 0. 838 5.56 0.796
18 2.11 0.924 3.16 0. 885 4. 21 0. 844 5.26 0. 803
19 2.00 0.927 3. 00 0. 889 4. 00 0. 850 5. 00 0. 810
20 1. 90 0. 930 2. 86 0. 893 3.81 0. 855 4.76 0. 816
21 1. 82 0.933 2.73 0. 897 3.64 0. 860 4.55 0.822
22 1.74 0.935 2.61 0.901 3.48 0. 865 4.35 0. 828
23 1. 67 0.938 2.50 0. 904 3.33 0. 869 4.17 0. 833
24 1. 60 0. 940 2.40 0.907 3.20 0.873 4.00 0. 838
25 1. 54 0.942 2.31 0.910 3.08 0.877 3.85 0. 843
26 1.48 0.943 2.22 0.913 2.96 0. 881 3.70 0. 847
27 1.43 0. 945 2.14 0.915 2.86 0. 884 3.57 0. 852
28 1. 38 0.947 2.07 0.918 2.76 0. 887 3.45 0. 856
29 1. 33 0.948 2.00 0.920 2.67 0. 890 3.33 0. 859
30 1.29 0. 950 1.94 0.922 2.58 0. 893 3.23 0. 863
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Fig.4 The diagram of reliability indicator R, and Fig.5 The diagram of transmission distance L, system
the connection pipe number n reliability R. and the internal of connection pipes

CPD
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Tab.2 The proposed values of Cpp, and R, with different L
L=20 km L=40 km L=60 km L=80 km L=100 km
Cpp/km R. Cpp/km R. Cpp/km R. Cpp/km R. Cpp/km R.
20. 00 0. 796 20. 00 0.714 15. 00 0. 700 11.43 0.708 10. 00 0.706
6.67 0. 865 13.33 0.755 10. 00 0.754 8. 00 0.761 7.14 0.759
4. 00 0. 899 8. 00 0. 810 6.67 0. 805 5.71 0. 807 5. 26 0.803
1.54 0. 949 5.00 0. 857 4.29 0. 855 4. 00 0. 850 3.57 0.852
1.25 0. 957 2.86 0.904 2.61 0.901 3.08 0. 877 3.45 0. 856
1. 00 0. 964 1. 29 0. 950 2.00 0. 920 2.58 0. 893 3.23 0.863
L=120 km L=140 km L=160 km L=180 km L=200 km
Cpp/km R. Cpp/km R. Cpp/km R. Cpp/km R. Cpp/km R.
9.23 0. 699 8.24 0.701 7.27 0.708 6.92 0.702 6.45 0.702
6.67 0.753 6.09 0.753 5.71 0.751 5.29 0.751 5.00 0.750
4. 80 0. 803 4.52 0. 800 4. 10 0. 803 3.91 0. 800 3.70 0.799
3.33 0. 850 3. 04 0. 852 2. 86 0.851 2.69 0.851 2.53 0.851
2.03 0. 900 1. 89 0. 900 1.78 0. 900 1.67 0.901 1.59 0. 900
0.93 0. 950 0.93 0. 947 1.07 0.937 1. 20 0.926 1. 34 0.914
’ b 2
3 .
b
b b
b
[ 1] CHEN Yanbo, YU Taipin, LIU Junhua, et al. Study on the
technology of supplying water safely by long-distance pipeline
’ ’ [J]. Journal of Northeast Agricultural University: English
Edition, 2008, 15(3): 80.
[2] [Jl. . 2010, 4(6)
43.
b
WEI Bigui. Design and calculation for parallel delivery pipes
’ N [J]. Water Technology, 2010, 4(6); 43.
s (<1.00), [ 3] Alperovits E, Shamir U. design of optimal water distribution
, 100% ; systems[ ] . Water Resource Research, 1977, 13(6) ;885.
[ 4] Tung Y K. Evaluation of water distribution network reliability
’ [C]// Proceeding of the Specialty Conference of Hydraulic
5 Division. Lake Buena Vista: ASCE, 1985.395-364.
[ 5] Wagner J, Shamir U, Marks D. Water distribution reliability:
simulation methods[ J]. Journal of Water Resources Planning
and Management, 1988, 114(3): 276.
’ [ 6 ] Shamsi U. Computerized evaluation of water supply reliability

[J]. IEEE Transaction on Reliability, 1990, 39(1): 35.



936
[ 7] Fujiwara O, Tung H D. Reliability improvement for water of Water Resources Planning and Management, 2011, 138(4) .
distribution networks through increasing pipe size[ J]. Water 368.
Resources Research, 1991, 27(7) . 1395. [12] Gupta R, Bhave P. Reliability analysis of water-distribution
[ 8] Mays L. Methodologies for reliability analysis of water systems[ J]. Journal of Environmental Engineering, 1994, 120

[10]

[11]

distribution systems [ C]// Proceedings of reliability and
Uncertainty Analysis in Hydraulic Design. [S. . J: American
Society of Mechanical Engineers, 1993. 233-268.

Ostfeld A, Kogan D, Shamir U. Reliability simulation of water
distribution systems—single and multiquality [ J ]. Urban
Water, 2002, 4(1): 53.

Tabesh M, Soltani J, Farmani R. et al. Assessing pipe failure
rate and mechanical reliability of water distribution networks
using data-driven modeling[ J]. Journal of Hydroinformatics.
2009,11(1): 1.

Ciaponi C, Franchioli L, Papiri S. Simplified procedure for

water distribution networks reliability assessment[J]. Journal

[13]

[14]

[15]

[16]

(2) . 447.

Bao Y., Mays L. Model for water distribution system reliability
[J]. Journal of Hydraulic Engineering, 1990, 116(9): 1119.
Kleiner Y. Rajani B. Comprehensive review of structural
deterioration of water mains: statistical models [ J ]. Urban
Water, 2001, 3(3). 131.

SuY. Mays L, Duan N, et al. Reliability-based optimization
model for water distribution systems[J]. Journal of Hydraulic
Engineering, 1987, 113(12) . 1539.
Cullinane M. Lansey K. Mays L. Optimization-availability-
based design of water-distribution networks [ J ]. Journal of

Hydraulic Engineering, 1992, 118(3) . 420.

WEVERERERERERETERERETERNEVETERNERETEREUERERERERENETERERETEREUERERERERENETEERETEREWETERE RN v e e

(
[6]

[7]

[8]

[9]

[10]

[11]

[12]

886 )
Assad A. Models for rail transportation [ J]. Transportation
Research A, 1980, 14: 205.
Szpigel B. Optimal train scheduling on a single track railway
[J]. Operational Research, 1972, 72; 343.
Jovanovic D, Harker P. Tactical scheduling of rail operations:
the SCAN 1 system [J]. Transportation Science, 1991, 25;
46.
Higgins A, Kozan E, Ferreira L. Optimal scheduling of trains
on a single line track [J]. Transportation Research B, 1996,
30, 147.
. Lyl

, 2005, 7(5): 32.
SHI Xianming. Research on the headway time of passenger
train in China [ J]. China Railway, 2005, 7(5): 32.
YANG Hao. Railway transport operation[ M]. Beijing: China
Railway Publishing House, 2001.

, . [

, 2001,

[13]

[14]

[15]

[16]

, 2009, 45(11D): 1.
ZHANG Bo, QIAN Wei.
automatic block sections []J]. Railway Communication Signal,

2009, 45(11) . 1.

Through signal layout method of

[D].
: , 2011.
MENG Xuelei. Theories and methods on train operating in
emergency [ D]. Beijing: Beijing Jiaotong University, 2011,
. . [M]. : ,
2005.
LIU Baoding, PENG Jin. A course in uncertainty theory[ M].
Beijing: Tsinghua University Press, 2005.
[D].
: , 2012,
WANG Li. Fuzzy random optimization for train operation in
emergency [ D]. Beijing: Beijing Jiaotong University. 2012,
Pardo ] M, de la Fuente D. Fuzzy Markovian decision
processes: application to queueing systems[ J]. Computers and

Mathematics with Applications, 2010.,60(9); 2526.



