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Time-varying deterioration of concrete beams under the action of

multiple factors

BAI Yuliang, JIN Weiliang, ZHANG Yixue, WU Jun, HUANG Shuang, ZHU Mingjiang

(College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China)

Abstract: In order to investigate the performance degradation law of concrete beams under the long-
term influence of multiple factors such as corrosion, fatigue, and creep, orthogonal grouping
experiments involving corrosion, fatigue, and creep were conducted on 21 test beams. Measurements
and calculations were performed on the corrosion depth of the steel reinforcement, the stiffness of the
beams, and their fatigue life. The research results indicate that, compared to undamaged beams, the
corrosion depth in damaged concrete beams increases by 1.337 to 1.934 times under 2.5%, 15.0% and
60.0% fatigue life ratios and 3 and 6 months of sustained loading. As the degree of reinforcement
corrosion and fatigue damage deepens, the stiffness of the damaged beams decreases by 1.694 kN-m?,
and under sustained loading, their stiffness is only 34.1% of that of the undamaged beams. After the
combined effects of corrosion and creep, the fatigue life of the damaged beams is reduced to only
16.14% of that of the undamaged beams. Based on the experimental results, critical corrosion depth
attenuation coefficients, short-term stiffness reduction coefficients, stiffness degradation coefficients,

and fatigue life attenuation coefficients for damaged concrete beams are provided, reflecting the impact
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of complex loading and environmental factors on the long-term performance of concrete beams. These

findings offer a scientific basis for the long-term performance assessment of concrete structures.

Key words: multi-factor action; concrete beam; critical corrosion depth; short-term stiffness; fatigue

life; long-term performance
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Table 1 Mix ratio and mechanical properties of concrete
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Table 2 Mechanical properties of steel bars
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Fig. 1 Sectional dimension and reinforcing bars of test beam
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Fig. 2 Static loading test device
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Fig. 3 Fatigue loading test device
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Fig. 4 Schematic diagram of accelerated corrosion by

electrification
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Table 3 Groups and parameters of corrosion experiment
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Table 4 The test results of concrete cover cracking time and
reinforcement corrosion depth

BT | BT | Gl | IR AT E| 2R | I A

Gy | ZLFE/ | B /b | A% | AR fmm | R /mm | TR /mm
B, 113.8 288 3.59 10 0.181 0.071 0
By | 801 | 288 | 730 | 10 | 0242 | 00673
By | 618 | 288 | 587 | 10 | 0298 | 0.0640
Bogw | 486 | 288 | 478 | 10 | 0372 | 00628
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By | 548 | 288 | 559 | 10 | 0326 | 00621
B | 496 | 288 | 642 | 10 | 0350 | 0.0604
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Fig. 5 Corrosion depth condition
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Fig. 6 Attenuation coefficient of critical corrosion depth of

steel bars
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Table 5 Groups and parameters of creep experiment
. it
4 NI HL YL A
ot - SRR | S r R FAROK AN | Fpi
(A em™)

i iz 10 190
Bpypse SeEE IR IR O AR AL 200 114 0.7 0.1 0.03 10 190
Biorisc Se s 5T PR 200 114 0.7 0.1 0.03 10 190
B SeEE IR R 5T PR 200 228 0.7 0.1 0.15 10 190
Brpisc Fe e % 55 AR 200 228 0.7 0.1 0.15 10 190
T B A G R RAS IR MR R HRAL; B, R IO R SEHEAT 2% 5 1 26 (1 38 L Jin el 5 0l iR TR0 AT 39% 9 957 75 i R B 0 B i 282

TS, B 2EAT 190 d AR M s, UMb 2R 5 69 7 LA 2t
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Table 6 Stiffness of corroded beams under fatigue damage
. AN FEFR BT W42 W EE /(KN -mm?)
G 4
0 200 1000 5000 15 000 20 000 22 000

Bioro 3.252x10°

By 3.020x10° 2.362x10° 2.237x10° 2.179x10°

B 2.815x10° 2.908x10°* 2.206%10° 1.971x10°

Byois 3.020x10° 4.255x10° 2.061%10° 1.934x10° 1.915%10° 1.815%10° 1.736x10° 1.728%10°
Bl 2.815%10° 5.370x10° 1.964x10° 1.593x10° 1.562x10° 1.566x10° 1.571x10° 1.558x10°

T+ By JTCHURE I 5550, VA X HRZH 5 B, R JCH R SEHEAT 2% 45 1l 30 (1038 FEL I 55 Tl 0, PEATT 39% 9 57 75 A R B A B in 284

I, HA R 5 1 & SR At

R TIT TR 56 1 45 #0792 B IR AR 0T ) o 1 1 A2 5
BT R AR AR IR AT 4800 3 2 18 52 R i 2K
FOPEFH o 5 55 Tl R 57 45 00 19 YR 05 - TR AE 5 S
AR T P2 A5 17 AR 5] A 1 5 7 R, 3k
BeaE RN T T s . KT rT LA, BEE 5
Ay FF T A8 B0, 222 B I B2 522 1 o 34, L5y P[]
B, W E A T R B 2 R A I ) A
I, FEAR G il AR AR 55 KPS A I 32
BTEE.

RT FAAERT B Ry R A
Table 7 Time-varying stiffness of damaged beam under
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Table 9 Fatigue life after corrosion and sustained loading
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Brocer 35815 0.225
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