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Design method of port engineering structures with design service life greater than 50 years
YANG Guoping, LI Rongging, HU Jiashun
(CCCC Water Transportation Consultants Co., Ltd., Beijing 100007, China)

Abstract: In view of the lack of design method for the main structure of port engineering with a design service
life greater than 50 years, the contents such as the standard value of action and the quantitative design of
durability involved in the design are systematically studied. The port engineering that can improve the design
service life and the corresponding structural reliability level are clarified. The probability analysis method is used
to determine the adjustment coefficient of the design service life of the action standard value, and the
determination methods for the action standard value such as the stacking load, lifting and transportation machinery
load, and wave forces and so on are proposed. Based on the chloride ion diffusion theory and carbonation model,
a quantitative design method for the durability of concrete structures in seawater environment and freshwater
carbonation environment is proposed, including the definition of structural durability limit state, the check formula
of service life and the calculation method of deflection after corrosion. The research shows that through the
reasonable determination of the standard value of the port engineering structure and the quantitative design of the
durability, the port engineering structures with a design service life of more than 50 years can reach the same
reliability level as the current 50-year standard. The research results provide technical support and engineering
application basis for the structural design of long-life port engineering.

Keywords: design service life; port engineering; standard value of action; quantitative durability design
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Tab.1 Design service life adjustment coefficients of
wharf surcharge and pedestrian loads
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Fig.1 Design framework of port engineering structures

with design service life greater than 50 years



% 9 BB, F. FHEAFR S0 F LB o DAL MR SRR +25-

B R BE PR T 22 — 2 % n] AR F bR A R AT
BT HIARFR IS o A5 BEAT 50 47 o 0] A A o4 (L
R O S BT AR FRAE VE C A IBUE ;. % T 454
FE ) il T 8055 S5 4R ROCSC AR, % 2
FIRREIUN . SCBEER Y 2 I B i AP HEAT 15
THE AR IR . X T ik R iR BE 2454, it
SN A 0] e 5 e o ) RS ki A P A J= 0T S ]
XETIRAKBRACIREE , 550 A T 138 A0 40 51 45 et
JEE R X T AAE R, R SR HCA 97 S ke B A
i, R AT RO, WA, BT E
JEMIBEIRAC N R, % 45 s ) B 75 TR 5 2 2544
THAETHE RS,

gi b, BT AERR 50 4R DL H 0 T RS
B LA bR e A 28 S R At 7 4 B B HAE
DAL J7 2 A4 T, B0l AR R AE A R
BRI AT & B TS MAb FE R RE , TR I
(IR ) B nTERAETE,

8 #iE

1) BIAfHS O TRRES A I R B -l R AR B 119 3
FHIGER, XRI AR BR A RRpR ok . BA E%
T Sk R R R Sk | B U R A s
TAREIRGERL, T3 4R S A5 A B T AR R,
HUS0 ARLA b, CBRefet A A PR AT AR 41 fiff A 2K i
A F A A B A .

2) FSLBEHEHAERR 50 4E LA I T RS A
BIFEFAARENE R R ke, X T HEGT ATk . A BEfr 2%
S A, BAHEHIAERR Y 75, 100 A1 120 40,
PR R 1,05, 1.10 FI 1.15; X TFIRR .
WU HBFRAE A RIERT, BLE T 4 Tl A AR B T
o BT E bR (A A T vk XA [ AR
UG AEBR TGO AE T, 2 RF BUAT b o (B
AAZ

3) EEXEARFE R A, #E— 2B T AT
FE TR 45 R TR PR BROIR 2 . ¥ 7K 1 45 FR
IKBRACEREE T, 5057 TR R - 25 0 LW A7 % o 5 3L
PRAP 25 ST A5 2R 28 B 1 R 285 Ay i A M A BRR S
MK B FR A RRAL IR BT, TR g A 35 R

WL W22 TN IR BE LA, ISR TR
IR BE - R BE - e A 3 EOTURE ) A9 A A 4 e it
FRARZS S T A FRCAR 55 SR TR S A A D Tt
O 3 A3 B TIURE 3 R 1 LA A A 4 o 5 B DR 4 2 B
s 2R s PR AR 25 D8 i A PR A FROIR S

4) $e R IREERIPR K e AL A58 T TR 5 125
R AN E it O ik, AL T 5 IR A RHALAL
JO7 3K RIER 358 R 3R B2 0 4 S8 B 19 B R BT
A, RN B AEREZ DTk, o TRk
P BT A PE B RA L, R, Sl g s
PR BE 1 52 5 A I R IR AL AR RO BRI
Jitko

5) FHEBCTHE FAERR 50 4 LA F 1 TR 4G
MR HESR . DABLAT A A8 BE B T IR 2 0 kAl
A P o P V80 R RN PR i A%, SRR
THEFHAFEBR A 50 A1 EARAFEBR A 3, (IR R )
R T RE N SR 13 I A H AR B2k

6) Bl AR FRAE 1< 2 50 4F LA Lo b 2 Fif
EANFRRM SRR, F AT R B L AL~ i il 26
BRI A RS S A AFBR (4 120 4F
DAL ) B4 300 1 B T8 A R A 25 5 T 9 0T 5 7 S T
gy, IREBUE IR ST N 5i A 5C 5 Al £ 3l A9 LR
FIBLEHREI Y 5835

S

[1] Maritime works-Part]-2: General. Code of practice for
assessment of actions: BS 6349-1-2: 2016+A1: 2017[S].
London: BSI Standards Limited, 2017.

[2] Technical standards and commentaries for port and
harbour facilities in Japan [S]. Tokyo: The Overseas
Coastal Area Development Institute of Japan, 2020.

(3] ¥ 1 AR 4540 n 58 PR B TE 58— A5 E: GB 50158—
2010[S]. dbxt: H TR A, 2010.

Unified standard for reliability design of port engineering
structures: GB 50158-2010 [S]. Beijing: China Planning
Press, 2010.

(4] /Kiz LFEGEHTH APEBCITHFRUE: JTS 153—2015[S]. 4t

AU N RS AL A R 22 =L 2015.

Standard for durability design of port and waterway



- 26 -

K E I A2

2026

(5]

(6]

[71

(8]

91

[10]

[11]

[12]

engineering structure: JTS 153-2015 [S]. Beijing: China
Communications Press Co., Ltd., 2015.
BT AEBR 50 4F LA L 10 TR 45 4 B i 48 R
JTS/T 200—2023[S]. dbat: AR ASHE H RRAk B A7 BR
N, 2024,
Guidance for design of port engineering structures with
design service life greater than 50 years: JTS/T 200-2023[S].
Beijing: China Communications Press Co., Ltd., 2024.
P, ZE56 K. $2 s 11 T RR A M 1 R AR R A ]
FTHERTSE [T]. 7Ki2 TF%2, 2019(2): 28-33, 45.
YANG G P, LI R Q. Feasibility of improving design
working life of port engineering structure [J]. Port &
waterway engineering, 2019(2): 28-33, 45.
V5 1 TR fr 2 MLF: JTS 144-1—2010([S]. db5t: AR
A28 H kL, 2010.
Load code for harbour engineering: JTS 144-1-2010[S].
Beijing: China Communications Press, 2010.
Bk 3 L fif 2 1% 2 TB/T 3466—2016[S]. dbst:
BRI H A, 2017.
Train load diagram: TB/T 3466-2016[S]. Beijing: China
Railway Publishing House, 2017.
s 11 5 T K SO TS 145—2015(2022 JiR) [S]. b
A N RACHE S B A R A D, 2022.
Code of hydrology for harbour and waterway: JTS 145-
2015 (2022ed. ) [S]. Beijing: China Communications
Press Co., Ltd., 2022.
KiE TAPUR BT AE: ITS 146—2012[S]. db5t: A
FAZ i H AL, 2012.
Code for seismic design of water transport engineering:
JTS 146-2012[S]. Beijing: China Communications Press,
2012.
HESLE H £ B TE: GB 50009—2012[S]. b 5T: o [
HEF Tl AL, 2012.
Load code for the design of building structures: GB 50009-
2012 [S]. Beijing: China Architecture & Building
Press, 2012.
O HRR BT I RLYE: JTG D60—2015[S]. bt
N RAZ I B3 R 22 W, 2015.
General specifications for design of highway bridges and

culverts: JTG D60-2015 [S]. Beijing: China Communications

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Press Co., Ltd., 2015.
Kiz TREREE £ 45 BT ME: JTS 151—2011[S].
JEmT N RACH AL, 2011.
Design code for concrete structures of port and
waterway engineering: JTS 151-2011[S]. Beijing: China
Communications Press, 2011.
TRBE L 25 M A ME B AR IE: GB/T 50476—2019[S].
et o EER ST 1 R, 2019.
Standard for design of concrete structure durability:
GB/T 50476-2019 [S]. Beijing: China Architecture &
Building Press, 2019.
O3B T RRIREE LA A B RLYE: JTG/T 3310—
2019(S]. Jbmt: AR th AL B A7 BR 2\, 2019.
Code for durability design of concrete structures in
highway engineering: JTG/T 3310-2019 [S]. Beijing:
China Communications Press Co., Ltd., 2019.
KRR FL T SR A R % T A A 5T MLV SL
654—2014[S]. AbHT: H MK H L, 2014
Code for rational service life and durability design of
water resources and hydropower projects: SL 654-
2014[S]. Beijing: China Water & Power Press, 2014.
K TAREE - 45 BT HLE: DL/T 5057—2009[S]. b
A P L g R, 2000.
Design specification for hydraulic concrete structures:
DL/T 5057-2009 [S]. Beijing: China Electric Power
Press, 2009.
BE A7 1R U6 1 4 4 S A 1 T 2 AR 3k GB/T 51355—
2019(S]. Jbst: AP RS Tl H AR, 2019.
Standard for durability assessment of existing concrete
structures: GB/T 51355-2019 [S]. Beijing: China
Architecture & Building Press, 2019.
DuraCrete. Probabilistic performance based durability
design of concrete structures: general guidelines for
durability design and redesign[R]. Gouda: CUR, 2000.
WEE, vi4 8%, SR, 55 W O T RN A IR BE L 451
PERBIRALBEALBT S [T]. /Kiz TA%, 2015(2): 60-65.
YANG G P, GONG J X, WU F, et al. Performance
degradation mode of RC structure for port engineering[J].
Port & waterway engineering, 2015(2): 60-65.
(R4 A4



