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Equal Durability Design Method for Concrete Structure
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(1. Shanghai Baoye Group Corp. , Ltd., Shanghai 200941, China; 2. Department of Structural Engineering,
Tongji University, Shanghai 200092, China; 3. School of Civil and Transportation Engineering,
Guangdong University of Technology. Guangzhou 510006, Guangdong, China)

Abstract: In view of the phenomenon that the durability of concrete structure was unbalanced,
based on the durability design of concrete section, the durability design method of concrete
structure was put forward, and the definition of equal durability design method was proposed.
The component in concrete structure was classified and the service lives of different types of
components were set to achieve the equal durability design method for sections. Firstly, the
structure was divided into layers and modules. Based on the principle of equal durability, the

target service life of each layer were determined, and then the service life was designed to make
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the durability service of each layer meet the requirements. At the level of component interface,
measures were taken to avoid the durability failure caused by the early corrosion of the
reinforcement at the corner of the interface, so as to achieve the equal durability of the section.
By using the rules and methods of hierarchical modular division of structure, the method and
process of determining the target service life based on the principle of equal durability, the overall
process of equal durability design and the range of service life safety factors of different durability
levels were proposed. For the corners where the durability was seriously insufficient, the
reinforcement was replaced with stainless FRP reinforcement to avoid premature failure of the
durability, and the test parts needed to meet the requirements of equal durability by adjusting the
thickness of the protective layer. Due to the different local environment, the same type of
components needed to set different thickness of protective layer to achieve the goal of equal
durability. The process of durability design such as interface and structure level was proved by an
example of a concrete bridge. The results show that the durability design can optimize the service
life of various components, reasonably arrange the initial investment, reduce the number of
overhaul, reduce the maintenance cost in the later stage of the structure, extend the structure
life, and realize the sustainable development of concrete structure.

Key words: concrete structure; equal durability design; service life; thickness of protective layer
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Tab. 6 Expected Average Life in Initial Design

(Longitudinal Reinforcements)
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S L T LA AT AR 1 B s A8 5 i 0 5 A7 2 A
(9 6 1 77 fiy A IR] L O 100 4F . A5 BR ARG 1 14 75 i
LA FBNER 11 R,

®8 ARFXRERPEEEFHEMR

— G A Ak TR AT BTN 3
iéﬁﬁf W{%um T FH 5 i Ol A ) 1 FH 75 i
%' B YR /mm T PR R /mm i PRy R BB /mm Fy /4
b e i | 1.508 37 142.0 42 174.9 39 204. 2
d 1.323 30 143.8 34 172.2 33 200. 4
e 1.185 29 142.6 33 171.2 33 205.3
g 1.026 22 142.4 26 172.8 27 200. 6
i 1.230 31 142.8 35 170.9 34 200. 7
j 1.245 27 144.6 31 173.8 31 202.4
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Tab. 9 Initial Design Parameters of

All Kinds of Components
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Tab. 10 Hierarchical Modular System and

Number Description

— PR TR 4 1 2 5
HFE AL A1.001,A1.002
FERA
M A2 A2.001,A2.002
3 Bl B1.001
Bk B2 B2.001,B2. 002
i # B Z % B3 B3. 001
BRI B B4.001,B4. 002,B4. 003, B4. 004
I HAT BS B5. 001,B5. 002,B5. 003,B5. 004
Rl C C.001,C. 002

. B B4R /mm PRAP R R /mm
- ‘{E‘:?ﬁi She Sr oS
a1 . NG| 1 1) PR | AR
aﬁ{rg A Lo
WA ok iz 2
Fip C50 10,25 10 30 20
& C30 28 10 35 25
Bk C30 25 10 60 50
Ak F2 il C30 25 10 70 60
) C30 25 12 47 35
KR C40 10 35
PP e C30 25 20
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M 12 Al LUE 2 R0 24 04 30U 45 FH 7% 4
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Tab. 11  Service Life Safety Factors of Components S T I R 2 A S A% R A 1 T klrégﬁrg& . SEbR
s i Vi 5 eIk MG T T LA 4 2 L 7
— % -t =9

Al.001,A1.002,

TR A 1.4 1.7 2.0
A2.001,A2.002

=B Bl B1.001 1.7 2.0 2.6

BikE B2 B2.001,B2. 002 1.7 2.0 2.6

Z 7 B3 B3. 001 1.7 2.0 2.6

. B4.001,B4. 002,
PP B4 1.7 2.0 2.6
B4.003,B4. 004

B5. 001.,B5. 002,
R BS 1.7 2.0 2.6
B5. 003,B5. 004

i 2 S DR AP )2 R B B B L A - {EL d /N JRE
JERRE/N T 13 BEOKR

5 & &

(IR BE + 450 S5 AR BT 9 7 S - TR
A A PR REAT 232 L A M BT 4 [ B i K
F5 iy o K P S IR AT S5 T AP B BT O i . AR T A
PrEBTH Y SE AL b 0 77 i 608 Bl 7 A
st .

it C C.001,C.002 1.7 2.0 2.6 1 N S
C2) i 1T &5k 7p JR BB K] 73 049 J7 1 Bk T
R12 MWEHHBSEREGHE
Tab. 12 Expected Average Service Life in Initial Design
. , U 1 75 2 I 1 7 i/
[ 879 1 45
—% —% =% —% -7 =%
A1.001,A1.002 72.8 75.5 86. 3 140 170 200
FRA
A2.001,A2.002 102. 2 104. 9 115.7 140 170 200
%k Bl B1.001 76.7 78.5 93.2 170 200 260
Bk B2 B2.001,B2. 002 246.9 252.0 283.6 170 200 260
2% B3 B3.001 133.2 136.1 158.2 170 200 260
PP B4 B4.001,B4.002,B4.003,B4. 004 54.3 55.7 59.6 170 200 260
SR AT BS B5.001,B5.002,B5003,B5. 004 229.6 234.2 265.8 170 200 260
Hemb C C.001,C. 002 170 200 260
x13 AEMERPEEERERE
Tab. 13 Adjustment Value of Different Component Protective Layer Thickness
— G AP R A =G A
[EEER 4 = yZEE/ | BEMNAE | RPZEE/ | BHENE | RPZEE/ | BSENE
mm fir ¥ {H /4 mm AT {E /47 mm i B {8 /45
A1.001,A1.002 37 142.0 42 174.9 39 204. 2
FRA
A2.001,A2.002 29 142.1 34 172.8 35 201.6
%k Bl Bl1.001 41 174.5 45 205.2 48 265.1
Bk B2 B2.001,B2.002 41 174.5 45 205.2 48 265.1
23 B3 B3. 001 41 174.5 45 205. 2 48 265.1
B4.001,B4. 002,
PUEF e B4 41 174.5 44 201.5 49 263.3
B4.003,B4. 004
B5.001,B5.002,
XA BS 28 172.5 31 202.4 35 260. 1
B5.003,B5. 004
Jeq C C.001,C. 002
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