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Abstract: The selection of water transmission pipes involves multiple contradictions, such as the specific environmental
conditions, the balance between material performance and cost. The choice of pipes directly affects the project investment
cost, operational safety and overall project benefits. Traditional pipes comparison and selection methods often focus on the
initial investment cost while neglecting a comprehensive consideration of the material’s cost and performance throughout its
life-cycle. To address this critical issue, value engineering theory is introduced with the aim of constructing a systematic life-
cycle comparison and selection model for water transmission pipes. The model integrates a life-cycle cost (LCC) accounting
system for pipes, covering the entire life-cycle from production, transportation, construction and installation, operation and
maintenance to decommissioning and disposal. It quantifies the cost components influenced by long-term factors at each
stage, with particular focus on hidden long-term costs such as water leakage and energy consumption. Meanwhile, based on

the characteristics of the project, key performance

Wi BE: 2025-09-04 & BE: 2025-09-30 indicators such as safety, reliability and durability of the
E£MHB: AFFEREHEH (SKS-2022111) ; (L LFHIEA) pipelines are innovatively evaluated in the same dimension
TR AT H (B241013003) 5 375 ik W A A oLk as the life-cycle cost. Using a typical project as a case stud-
TAIFTH (XJRC-2025-GX—PY-GCS-005) y, an empirical analysis was conducted on commonly used

S feE, A, 9. 1986 4E/ . ERS TR pipelines, including steel pipe (.SP) s .ductlle iron_ pipe
. ot o (DIP), prestressed concrete cylinder pipe ( PCCP) and
BIRAEE: B, 2, 1994 4, AR, concrete-cover prestressed concrete cylinder pipe layer
Email; chenghq@ iwhr. com (PCCP-C). The results show that this model can effective-

DOI. 10.7502/j. issn. 1674-3962. 202509004 ly identify the pipe with the optimal life-cycle “value”.
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This method breaks through the traditional mindset of “initial investment cost priority” and achieves a balance between the

technical performance and economic efficiency of water transmission pipes, providing a scientific basis for material selection

and investment optimization in similar projects.

Key words ; value engineering; life-cycle cost analysis; water transmission pipes; comparison and selection model; per-

formance evaluation; cost-benefit analysis
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Fig. 1 Schematic diagram of challenges faced by water transmission pipes
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Fig. 2 Hierarchical model for life-cycle comparison and selection indicators of pipes
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Table 1 Characteristics of pipes for common long-distance water conveyance projects!>* "
Performance Steel pipe Ductile iron Prestressed concrete Concrete-cover

prestressed concrete

indicator (SP) pipe (DIP) cylinder pipe (PCCP) eylinder pipe( PCCP-C)
Steel cylinder, concrete, Steel cylinder, concrete,
Material composition Steel Ductile iron prestressed wires prestressed wires

mortar coating thickened concrete coating

Self-weight Light Heavy Heavy Heavy
Diameter/m 0.1~4.0 0.3~2.6 0.5~4.0 0.5~4.0
Length per segment/m 9, 12 6,8.15,9 5,6 12

Expected service life/years <25 50 =50 =50
Pressure capacity Strongest Strong Strong Strong

Joining method

Push-in flexible joint,
mechanical joint,
restrained joint,

Flexible bell &

Welding, flanged joint, spigot joint,

bell & spigot joint

Manning’s roughness
coefficient

Construction
process

Corrosion resistance

Corrosion protection

flanged joint

gasket sealed

0.010~0.012 0.010~0.012 0.012
Complex Simple Simple
Fair Good High

Requires costly

Coating needed ,

High, but mortar

Flexible bell &
spigot joint,

gasket sealed

0.012

Simple

High
High (abrasion/

coating better than SP vulnerable if damaged corrosion )
*2 EWMEEGHABEEATEER (n=50 a)

Table 2 Calculation results of total life cycle cost of pipes (n=50 a)

. . Construction & Operation & End-of-life . Life-cycle cost

. . Pipe arrival cost/ . . . . Discount _

Pipe type Diameter/mm (¥/m) installation maintenance disposal e/ (n=50a)/
cost/( ¥/m) cost/( ¥/m) cost/( ¥/m) ; (¥/m)
SP 18 693 11 739.3 450 44 0. 06 37 522.75
pCcCp DN3200 11 101 12 573.4 550 0 0.06 32 343.42
PCCP-C 11 833 13 519.4 550 0 0.06 34 021.42
SP 13 823 8763.8 450 44 0.06 29 677.25
DIP 13 166 8399 10 149 0. 06 21 714.53
DN2600

pccp 8 057 9458.1 550 0 0.06 26 184.12
PCCP-C 8 697 10 193.1 550 0 0.06 27 559. 12

K3 EMBDEEEBITEER

Table 3 Calculation results of functional indices for pipes

Criterion layer

Criterion layer

Sub-criterion

Sub-criterion layer

Function index

Pipe arrival

cost (B,)

06
06
06
03
04
03
02
05
05

indicator weight layer indicator weight
Diameter compatibility (C,;) 0.15
Load-bearing capacity (C,,) 0.14
Corrosion resistance ( C,5) 0.15
Energy efficiency & environmental performance (C\,) 0.07
0.40 Adaptability to complex terrain ( C5) 0.11
Material supply conditions ( Cy4) 0.08
Production process advancement (C ;) 0.05
Reliability in quality and safety (C,5) 0.13
Expected service life (C,q) 0.12

L e e e e e e @
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Pipeline hoisting difficulty (C,,) 0.09 0.03
Pipeline joining method (C,,) 0.14 0.04
Construction & Quarry mining and processing (Cp;) 0.18 0.06
installation cost (B,) 0-32 Foundation construction requirements ( C,, ) 0.21 0.07
Construction speed (C,s) 0.16 0.05
Construction process complexity (Cyq) 0.22 0.07
Pipeline roughness coefficient ( C5;) 0.18 0.04
Impermeability/seepage resistance (C,) 0.20 0.05
Operation & maintenance 0.24 Impact resistance ( Cy3) 0.18 0.04
cost (Bjy) ’ Abrasion/erosion resistance (Cs,) 0.13 0.03
Ease of inspection and maintenance ( Cys) 0.21 0.05
Availability of fittings and spare parts (Cyq) 0.10 0.02
Ease of manual demolition (Cy;) 0.25 0.01
dispi‘;‘f':i:lff B 0. 04 Recycling value (C,,) 0.5 0.02
Environmental remediation cost (C,5) 0.25 0.01
F4 EMBRDEEERFNLE
Table 4 Summary of functional indicator scores for pipes
Criterion layer Sub-criterion layer SP DIP PCCP PCCP-C
Diameter compatibility (C,,) 9 7 9 9
Load-bearing capacity (C,,) 8 9 9 9
Corrosion resistance ( Ci5) 5 7 6 7
Energy efficiency & environmental performance (C,,) 4 4 7 7
P:*I()psfl‘ ?Iglv; ! Adaptability to complex terrain (C,5) 6 9 8 8
Material supply conditions ( C\4) 9 5 8 8
Production process advancement (C ;) 8 8 7 8
Reliability in quality and safety (C ) 8 8 7 8
Expected service life (C,q) 4 8 8 8
Pipeline hoisting difficulty (C,,) 7 7 5 5
Pipeline joining method (C,,) 4 8 8 8
Construction & Quarry mining and processing (C,;) 5 8 8 8
installation cost (B;) Foundation construction requirements (C,, ) 5 8 8 8
Construction speed ( Cys) 5 8 8 8
Construction process complexity ( Cyq) 4 8 8 8
Pipeline roughness coefficient ( Cy;) 7 7 7 7
Impermeability/seepage resistance (Cs,) 8 6 8 8
Operation & maintenance Impact resistance (Cs;) 9 8 9 9
cost (B3) Abrasion/erosion resistance (Cs,) 5 8 7 7
Ease of inspection and maintenance ( Css) 9 7 6 6
Availability of fittings and spare parts (Csq) 10 9 6 6
Ease of manual demolition ( Cy; ) 7 6 4 4
End-:r[;ltif(eéii;posal Recycling value (C,,) 9 7 5 5
Environmental remediation cost ( Cy3) 8 7 5 5

3.3.3 UHAZHGHE R NA 58S et a AR A B Mz, £5
WM E TR, SMEMRARENSEM S FE6 RIH TH£EM (XiHES 0.6~0.8 MPa) 7



446 Hh L b A

545 &

DN3200 FI DN2600 FLA% T i) i A< 3= 505 # (6 7 5505 i

o

n
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Table 5 Analysis results of cost coefficient and value coefficient
for pipes (0.6~0.8 MPa, DN3200)

Life-cycle cost

. _en Cost Function Value
Pipe type ( ’z _¥5;)md))/ coefficient  coefficient coefficient
SP 37 522.75 0.36 0.30 0.83
PCCP 32 343.42 0.31 0.35 1.11

PCCP-C 34 021.42 0.33 0.35 1.08

*x6 BEMHARBENERBSTER(0.6~0.8 MPa,DN2600)
Table 6 Analysis results of cost coefficient and value coefficient
for pipes (0.6~0.8 MPa, DN2600)

Life-cycle cost

. e Cost Function Value
Pipe type ( ,Z_¥5?f:)) / coefficient  coefficient coefficient
SP 29 677.25 0.28 0.22 0.79
DIP 21 714.53 0.21 0.26 1.25
PCCP 26 184.12 0.25 0.26 1.03

PCCP-C 27 559.12 0.26 0.26 1.00

MERB TR . Wit K18 0.6~0.8 MPa i,
DN3200 4544 1 PCCP F1 PCCP-C ¥ HAL %, {4 PCCP #%
5 DN2600 54 1 DIP e, Wi 8% v it & 77 3 [l
T, K% B (DN3200) fh4ciE FH PCCP, /NORE B
(DN2600) fit 5 DIP

4 4 it
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