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Experimental analysis of bending stiffness degradation of marine
high-performance concrete beam after action of repeated loads

LU Chunhua’, WU Xiaolong’, CAl Qiming’, ZHANG Julian?
(1. Faculty of Civil Engineering and Mechanics, Jiangsu University, Zhenjiang 212013, Jiangsu, P. R. China;
2. Shanghai Horizon Construction Technology Co., Ltd., Shanghai 201800, P. R. China)

Abstract: Under long-term loading, the deformation of reinforced concrete f{lexural members is an important
evaluation index and it is one of the checking contents of the serviceability limit state. To study the degradation
law of bending stiffness of marine high-performance concrete beams after action of repeated loads, a total of 10
test beams were designed and fabricated. After exposure to the repeated load test, the chloride solution dry-wet
cycle test and their coupled test, the mid-span deflection development and stiffness degradation of the test
beams were evaluated using the four-point bending test. A modified method for the code formula of beam short-
term stiffness is proposed. The test results indicate that when the load level is determined according to the
moment of the beam’ s pure bending section equal to 0.4M,, the damage degree in concrete approaches 15%

after 30 cycles of repeated load. For the test beams exposed only to the chloride solution dry-wet cycles, their
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mid-span deflection develops slower than that of the reference beam. After the action of repeated loads, the mid-

span deflection of these test beams develops faster than that of the reference beam. When the damaged beams

were exposed to chloride solution dry-wet cycles, their degradation of bending stiffness became more obvious.

Based on the experimental results, the damage effect reduction factors were proposed to revise the calculation

formula of beam’ s short-term stiffness. The rationality and effectiveness of the revised formula are verified by the

test data.

Keywords: repeated load ; marine concrete beam; damage degree; chloride environment; bending stiffness
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Table 1 Concrete mix ratio

- K/ J R AL/ (kg/m®) LT/ b/ T R K R/ ST PR i
(kg/m?) K FIRCYR Ky (kg/m?) (kg/m?) (kg/m?) ./ MPa
0.4 160 200 80 120 1140 700 0.8 53.06
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Table 2 Mechanical properties of reinforcement

LES HAE d/mm AR 60/ % Jii 58 S £,/ MPa P L £,/ MPa
HRB500 12 17.10 591.53 673.79
HRB400 8 19. 64 455.25 598. 27
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Table 3 Conditions and parameters of test beams
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Fig 6 Curve of repeated load and mid-span deflection
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Fig. 12 Comparison of tested value and calculated value

of mid-span stiffness after correction



178 K5 xR ¥E AL FROP FE L)

% 46 %

S5 5 e S0 45 R AT B B L B/ B Y E R

1.093,#n#E2 4 0. 083,
A(D)=0.756 + 0.244exp( — 20.57D) (7)
K=0.8 (8)

3 Hig

DFER SR TR E T IR BE 5 B
A —E R TE MiA 2 E R TG 23 R B b b
% b 2 B GRS | B A B NI A BT 4R T
26 1 I A e AR S B R B R B R R
BTSSR, HIRE /46 (15% LN ) B
R A gl ) R Ak R

2) X F 28 3 A AR BB G T
TG PR 5 IR i A TR T A T A
FETE LA S 52 05K A0 I 7 S W7 398 K, 598 PN 3 48 4 7 2
P14 5% W K 32 A0 S B O, SR W o B e AR Ak

3) X F 48 ) H A2 ey AR AE 09 TR EE 3, 1
Sz BRI E 2 /N T 4% GB 50010—2010 35 A =X
(2 10 O ) 45 380 1) 0 A 5 2 T e 25 21 L 51 A
P03 80 1 bR B A (D) R 5% 45 Ak 72 B0 K% i 10T I
TR ARPEAT THEIE , I8 58 5 A9 45 7Y BB 42 by T —
JE e SR PR R 05 v TR B B2 KRR AL

5% ik

(1] &R, B3, BILW IR & - 45 M A v 07

% B B AR TR I M. A s Bl AL
2021.
JIN W L, XIA J, MAO J H. Electrochemical
technology for durability of concrete structures in
protection, repair, enhancement and control [M].
Beijing: Science Press, 2021. (in Chinese)

(2] far gk, &PEB, XIBAS, 55 . A 000 RS 3R 21 458 7

B VR FH X A TR B R P B ¥ i [T, W AR R A R
(AR RR), 2019, 59(11): 902-909.
HE SQ, CAOZY, LIU W J, et al. Influence of long-
term load and chlorine corrosion on reinforced concrete
beam deflection [J]. Journal of Tsinghua University
(Science and Technology), 2019, 59(11): 902-909. (in
Chinese)

[3] WA, XoEE, iR, % TGRS 255 24 4t
[F] 4 R 9 T B PSS 1 A il S T AP A
[J). BERRERIE A , 2020, 39(2): 344-351.
CUI Z W, LIU R G, LU C H, et al. Chloride ion
erosion and durability life prediction of marine concrete
beams under combined action of dry-wet cycle and
flexural cracks [J]. Bulletin of the Chinese Ceramic
Society, 2020, 39(2): 344-351. (in Chinese)

[4] HARICHE L, BALLIM Y, BOUHICHA M, et al.

Effects of reinforcement configuration and sustained load
on the behaviour of reinforced concrete beams affected
by reinforcing steel corrosion [J]. Cement and Concrete
Composites, 2012, 34(10): 1202-1209.

[51 DU Y G, CULLEN M, LI C K. Structural effects of
simultaneous loading and reinforcement corrosion on
performance of concrete beams [J]. Construction and
Building Materials, 2013, 39: 148-152.

[6] DONG J F, ZHAO Y X, WANG K, et al. Crack
propagation and flexural behaviour of RC beams under
simultaneous sustained loading and steel corrosion [J].
Construction and Building Materials, 2017, 151:
208-219.

[7] LI H D, LI B, JIN R Y, et al. Effects of sustained
loading and corrosion on the performance of reinforced
concrete beams [J]. Construction and Building Materials,
2018, 169: 179-187.

[8] YINSP, NAMW, YUY L, et al. Research on the
flexural performance of RC beams strengthened with
TRC under the coupling action of load and marine
environment [J]. Construction and Building Materials,
2017, 132: 251-261.

[9] REW . REE LS5 1% 97 Vg S e it st B M. b 5
BUBE Tl 1 AL, 2006.

SONG Y P. Fatigue behavior and design principle of
concrete structures [M]. Beijing: China Machine Press,
2006. (in Chinese)

[1O] G b . a7 4 475 1R o6 -1 S I e R 55 7 FH T 9% 57 75 i 1l

B FoE[D]. deat: dbJr Tk K%+, 2016.
ZENG S. Research on damage of concrete beam in
fatigue life under the action of corrosion and fatigue load
[D]. Beijing: North China University of Technology,
2016. (in Chinese)

[11] X7, ARIGE T, D . 9% 97 17 2415 6 K 4= 1l VR FH R

A IR BE L B AR I [T). @R LG, 2014, 35
(3): 171-177.
LIU ZJ, ZHENG X N, DIAO B. Durability experiment
of reinforced concrete beam under combined actions of
seawater corrosion and fatigue loading [J]. Journal of
Building Structures, 2014, 35(3): 171-177. (in Chinese)

[12] £8&, Jede, AU, 5 WK T8I BT 98 5 4 28 551 45

T EE LB 2R 5 LT Tk 3, 2017, 47(2):
67-70, 140.
WANG X, PANG S, DIAO B, et al. Mechanical
performance degradation of RC beams damaged by
different levels of cycle loading under seawater wet-dry
environment [J]. Industrial Construction, 2017, 47(2):
67-70, 140. (in Chinese)

(3] XI5, TR, Eha i LRERREE LT 2R
AR A R A LT b B I R OR o 4, 2016, 46(8):
104-109.



% 34

AL, F . FEEFREAGELSMAERELERNZEBLXBAR 179

—

=

[

[

[t

LIU J H, YU D Y, LI Z H. Time-dependent
compressive air content of marine high performance
concrete [J]. Periodical of Ocean University of China,
2016, 46(8): 104-109. (in Chinese)

RS, T, RORR .V T M AR R BE - ) S A
BT[], R BE L 5K IE I &, 2017(6): 1-5.

ZHANG M J, JIANG Y Q, ZHAO Y. Research on
preparation and durability of marine engineering high-
performance concrete [J]. China Concrete and Cement
Products, 2017(6): 1-5. (in Chinese)

JALAL M, POULADKHAN A, HARANDI O F, et
al. Comparative study on effects of Class F fly ash, nano
silica and silica fume on properties of high performance
self compacting concrete [J]. Construction and Building
Materials, 2015, 94: 90-104.

LRk, By, RLDG, & AT A EORHR BE 1 bi iR
J3E Rt AMERELT]. M4 RES AR, 2018, 32(14): 2390-2395.
MA H Q, YI C, ZHU H G, et al. Compressive
strength and durability of coal gangue aggregate concrete
[J]. Materials Review, 2018, 32(14): 2390-2395. (in
Chinese)

TR E + 25 ) 1 1T BT 2015 4F i : GB 50010—2010 [S].
JemT: o E S Tl A, 2015,

Code for design of concrete structures: GB 50010—2010
[S]. Beijing: China Architecture &. Building Press, 2015.
(in Chinese)

R W, TR, SF A B A 200 AT A TR BE -
PO AT FE L], fERR R 41, 2019, 38(8): 2531-2535.
LTY J, PAN C, ZHANG S K, et al. Experimental
study on damage of coal gangue concrete under cyclic
load [J]. Bulletin of the Chinese Ceramic Society, 2019,
38(8): 2531-2535. (in Chinese)

TR BE 1453 55 7 AR i GB/T 50152—2012 [S]. b
At EE ST AL, 2012,

Standard for test method of concrete structures: GB/T
50152—2012 [S]. Beijing: China Architecture &
Building Press, 2012. (in Chinese)

T3 B . B A S R R R 5 MR Il IR SR (D] K
U R, 2014

WAN A Z. Experimental study on fatigue behavior of

the damaged reinforced concrete beam [D]. Changsha:

Central South University, 2014. (in Chinese)

[21] BN, Z2HERY, RO, 45 EER-55 1 RE 5 10 00 TR 5k

b HU SR R BRI TSR, 2020, 50(12): 69-75.
ZHONG X P, PENG L G, YUAN C B, et al
Experimental research on compressive strength of
concrete damaged by coupling of chlorine-corrosion [J].
Industrial Construction, 2020, 50(12): 69-75. (in
Chinese)

SR, RO, T4 EAERIFE T IREE - 250 it Atk
g 5B IMI. de st B AL, 2011.

JINW L, YUAN Y S, WEI J. Durability theory and
design method of concrete structures in chloride
environment [M]. Beijing: Science Press, 2011. (in
Chinese)

0 B, XA, AF TR EE AR R R T 2R
ER T & ae )] Mot T oR¥% %M,
2017, 41(5): 666-670.

L1J, GAO P W, LIU H W, et al. Study on concrete
resistance to chloride salt corrosion under full soaking
and wet-dry cycling condition [J]. Journal of Nanjing
University of Science and Technology, 2017, 41(5):
666-670. (in Chinese)

SEFEAG RPRIM, AR SC . B ok 5 A 2 A 0T A
TR BE LA a5 e RE no 52 mm [J]. AL 45 1, 2021, 51(14):
112-116, 93.

MO Q W, SHANG H S, XU Q W. Research on
bonding performance between steel bar and concrete
under accelerated corrosion and sustained load [J].
Building Structure, 2021, 51(14): 112-116, 93. (in
Chinese)

ARIETY, M, SREE, AF AR Il R TR E RN
BB AL B B S O i BT D AR A5, 2021, 51
(4): 86-90, 64.

7ZOU Z H, YANG G J, WU J, et al. Degradation law
and calculation method of stiffness of recycled concrete
beams with corroded rebars [J]. Building Structure,
2021, 51(4): 86-90, 64. (in Chinese)

(i %)



