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WAKBERTZEERFHR RCZSRZIXNEHAR

BERE' RE HRL', HIE
(1. BT 2B AR TR SEESUER T 361024 2. LA AL R R# I SER TREZ, L5T 100191)

B . O TR X O TR T R Z 8 KIS 28 W A 1R % L (reinforced concrete, RC) %24 J12%
PERE B AL IR 58 4 52 2 A 180 d KAFREE + 180 d HF KWK TIEABER (fRiFR 1 k) 3% 180 d /K Witk T
WAER + 180 d RAFREE (AR LB M) J5 , i rmzL ik RC Pl Iy rEpe 5 (A, IR gs R, RC 22K
PFTEA TR LE AT 4R — 5 T P PR B 3[R T B e iy 20 R AT 48 P, W BR A7 48 P, FITSEE P R4 w BRI
AR, SRR Py P A u BEIER T TS A P, P A w FEIE. SR B0 25 I EE Bl 3 R 25 o 230
RIMREAR. 545 R R E IR LA 40— I P A L [F /R XS RC 32075 MR 45 A 52w 1] .

SRR WKWK TIRAEIR ; FRLfT Rk NATREEL (RC) 325 Ji2etkRed 1k, mit At

FE4 S TUS02; TU375. 1 XERFREAD: A XEHS: 0254 -0037(2017)12 - 1893 -07
doi: 10.11936/bjutxb2017030017

Experimental Study of RC Flexural Beams Under Sustained Damage
Load and Seawater Spraying Dry-Wet Cycles

JIAO Junting', YE Yinghua®, YANG Ronghua', GUO Zhifeng'
(1. School of Civil Engineering and Architecture, Xiamen University of Technology, Xiamen 361024, China;
2. Department of Airport and Road Engineering, Beihang University, Beijing 100191, China)

Abstract; In order to solve the problem of deterioration of mechanical properties of reinforced concrete
(RC) beam in coastal zoneunder normal working condition of the larger load, the mechanical behavior
deterioration of RC beam specimens was investigated by static loading test, after they experienced 180 d
atmospheric environment and 180 d seawater spraying dry-wet cycle ( Simplified by [ corrosion) ; or they
experienced 180 d seawater spraying dry-wet cycles and180d atmospheric environment ( Simplified by I

corrosion ) by the laboratory simulation. Test results yielded load P, limited load P, , and ductility factor

mo
u of them decreased when the beam specimens were acted on by sustained damage load in I corrosion
(or II corrosion); and P, P, and u decreased more with the sustained damage load increasing; the
decrease of P, P, and u for the beam specimens in II corrosion were greater than those of P, P, and u for
the beam specimens in | corrosion. The flexural stiffness of the beam specimens became smaller with the
increase of the sustained damage load. The experimental results show that the effect on the mechanical
properties of RC beams is obvious form the larger sustained damage load and certain corrosive
environment.

Key words: seawater spray dry-wet cycle; sustained load; reinforced concrete ( RC) beams; mechanical

behavior deterioration; durability
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IR #E 1 (reinforced concrete , RC) 4514 75 ik
P R rpa] B 23 7K A2 A (] i R A4 e 300 B0 0 iy 28,
FEAEANIE R B far 2 0. TR HLIX. RC 25 A AN )R
S iy A R 30 18 52 PR S 8 1R I R U
MFER {575 RC 25T AMEROR IR, BLA M 41
KT AN PR (BRI 2L FEHTR RC
SERTT APERTSE 2y 1) H AR 2R B A 5 ok R TR e
TR EHEIU AR T2 & e iise;2) 2 IR EE T
ARHERE Jy T 97 2448 B 5 S B 9 B AN 77
B2 H5C %, Malumbela %1 IR 56 T AN [l 15 45 fif
BUKAVER TR EE L P 2 5 M v S0, 25 51
TRBE 1T 25 R4 B RS AT ¢, A9 917 8k Jo 45
5 1% B 517 0. 04 mm JFRLEE. 2RJ7 2 46 il
TR A A I R IR B U TR
Tl PUARVERE , 45 SRR BE AR A2 P 4R R LT
AMERFSES A, TR A2 iy 20 E N IR BE L2 Pyl
W NSRG4 Ak = 5 A B i e AR R
FH SRR 2 8 PR B0 1 RSk far 2800 HI T 1R BE 1+
BT HUERE , AR R B SRS UK 60%
A2 407 DCTR BB - SRR 14 IR B A Bty 8 TS
(2 . d 7k A 2 e T far 2 | Ak o ) 4 4 B 1
X 52V 13 JE ot W), 44t SR 5 B i A | R A A ) 2R
HERE BT LA A A 1o 5 1 AL ORI A AT o 2 4
R, Yoon 45 I8 T A 28K AR T (0 ~
75% (A5 FRAT 280 ) 7E AL B0 v v v D n 3 1k RC
Ul S V) b= S Es R e S DO R R
e s [v] A5 ok 3 B S0 B B . Masoud 251456 1T AE
A far T ik £F 4E 3G 9 &2 A M B (carbon fiber
reinforced composites, CFRP) I [# RC & & 117
phiERE. Ballim 257 F1 Malumbela 2518 3836 T 4/ ME
SLA 2 K F A R JE b RC 3R ) 2% Pk hE AR 1k
Malumbela %5256 1 7ERE L A7 4045 FH R 405 T
TR (5% MIAALIARI) I LG RC BRAPERESUE S
DU, S5 FONAE T IRAGPAE T B9 505 8 b ds /™ B 7 42
R A9 7 5 T S AR, Zha 55056 T 7R
A (1522 ) fr 2/ E R R 70 S B TR T BRI 26 a
(1 RC B2, 45 R ARWIF AL A Hdht s AU 1 1= A )
VERIRT SRR AR R A FEEE 0 R 25 7K 3 ) 32 A9 A
EIREE TR R B R . B STIRIT ST RC 451
AL N G B TR AL R E R 1 oe v fE
S hF % R TR R RS T RC R R
FEZHE K TR E S 12 ERE S 10, 45 R R WY
ZUBEGEE R R (KT 0. 10 mm) B Qi R AE Sr2APERE T
R .

RC EAE MR ok B2 PR SZ AP S A 4R T, — ety
PUHE T AR AR A 5 | I A R B 5 oy 2 /N5
DIAE G, 76 1E 1 FI B B B2l i 20200 0.4 P,
(P, S IR Z WM Bdm K 4% (AR LE
BB ZIRFNZ) 0.7 P, WO SCE TE IR IS T FRLL i
BALK T Z 2 T 2= Re 2 LA, A SRS 5T
MEESE T 240 51 0.00 P, .0.45 P, .0.60 P,
0.75 P, i} ,RC Z 25 R AE 2 g 1 ik (5 11 7S
i) J5 1 RE S LR, LAY RC R i K 1 15
I R S

1 X

L1 R

TG R H AR R} 2= I e 1 5 B S0
42,5 Ak Rk Ue. MR E T kAR 6 ~
14 mm KRG, AEEHET T AR ™ rh
fib. KA E K.

TREE B0 B ARG €25, 7K KB P A FRY
BeA bR 0.60: 1:2.15: 3. 50. Y\ 1) 32 hr 997505 4R 7
A7 e 5 A5 Y % FH B A2 6 mm HPB300 22475, A5
B 83 ) e IR W B 43501 Ry 428 493 MPa' .
1.2 XEigit

AR Bt T 9 AR, b 1 RS 2
95380 8 MR Tt I r £k faf 25 4393 4 0..00,0. 45 P,
0.60 P, #10.75 P,. 1447320 3¢ 22 fif 23008 1 LA K
PRI IR 1. 9 MR TUr RS | e Al FrYR B £
MR AR R ST 9 x M ox K = 110 mm x
150 mm x 550 mm , P-4 JZERE 25 mm. T 4
K1 k.
1.3 KEAR

R 5 3 B

F1 RiAGSAE FRIBEFE R
Table 1 Beam specimen groups, holding amplitude

and test corrosion environment

jEREE R FRARAE J
1-C25-B00 0.00P, I
1-C25-B45 0.45P, |
1-C25-B60 0. 60P, I
1-C25-B75 0.75P, I
2-C25-B00 0. 00P, Il
2-C25-B45 0.45P, I
2-C25-B60 0. 60P, I
2-C25-B75 0.75P, II
25 M 0. 00 PRI
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Fig.1 Specimen steels (Unit; mm)

IR HIE DL SR B i b 2 IR 52 g 24 1
REN S B BE

WA BEFUG TR ] 28 d A EFRY 1 d, P
JEEWRFEY 27 d) . TR 28 d J5 |, AR EE
ST RURIREE £, R 45.3 MPal ) 125 i i
R 5 2 B C25-Bref f KR 2 1 P, 40.2
kN.
13,2 X ZR f its i 82 A 20T 8 b B B

1) XF 1 2 4 AR B nfrak a2k, W 2 (a) ,
PEAT T

2) X2 41 4 ARG IS A 2, WL 2 (a)
PEAT 0 ok

T 7K MR T A B R H L o s bk 3R 48 ( LI 2
(b)) M T 7K (46 H R INA 3. 5% NaCl il
W) . A TIREH L 1 d(24 h), BRI  T K
ik 8 h, ZE R TIAEE T ##E 16 h.
1.3.3 iRt pr B

e B M |, fE R R R 50 ¢ R IRl
I, B R R R W E 3 s, A
IR 0 ~30 mm. g, BT THEA
ZR4E DH38I5N #A N AL, &1 P 5 F i #
T B 1k E i TR SR A R A R L 3 B

1.3.1

P2 St RF S Ao 2R A 2R 5

Fig.2 Beams with sustained damage load and

spraying system diagram

Aom#k, I EE A 0. 5 mm/min.

P

|
5? 150 150 150 |50

550

B3 s s
Fig.3 Test loading diagram
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2.1 PRI

S A Tl VR340 g L AT A A IR i N Hp
%A 0. 00P, B, P ol 25 B sz i X TR e 1 il %5
ar BN FF 2L, 1 At 2 A 2l 25 B A2 P X TR+
JFA S5 Bl for FRI N SEA A A A, 23k =k
PR 2R A9 70% ~ 80% At 4K A it Ml , 4 2% 54 4 28 4%
INgE, It m bk B 237 e X TR EE - 4 R, 2R
AFEEBEIR. & 4 25 R A i iR 1
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Fig.4 Some beam specimen failure diagrams S\j
2.2 FEHHABER
2.2.1 (iR O/mm
L5 ik 2 QUL P RO T AL P— B 5 4. ) I
WIS FTBLA h 2 AURIRIFLTIGR BAFHFSE  ——000, - 04sP, —-060P, —-075P,

TG R, R BT BEAR I BEIR A B PEREAR.
Tz 7 1 RS sk 0. 75 P, iR NI | S P
R AT e k2
2.2.2 Il Es R

22 45 A D RE S far AR K TR B 2L R AR
MG B i sl as 8. Hob P o iR fr
B P, W R 3 6, 0 Tk IR A 28008 7 A 2% 5 v
58, s i PR B, 48 B Al R Ap 2805 T R 22

R
Fig.5 Load-deflection curves of beam specimens
85% M PR fup 2 B X 0 i e BE. AR 2 I LA | 2
WHFEAR RS A 1 (5 0) B EEAT,
BEA FR AT 3G 0, il P, P RRA SV —
ERREREL. Hrph 2y TSR s g 1 g
TR0 S, PG .

®2 FiAEBHAmBKBEER

Table 2 Static loading test results of beam specimens

- g £ T AL -
P,/kN P,/kN 8,/mm 8,/mm u=90,/8,
1-C25-B00 45.5 55.4 0.92 6. 80 7.39 I
1-C25-B45 43.5 51.0 0. 81 5.49 6.78 I
1-C25-B60 38.1 49.2 0.94 6. 30 6.70 I
1-C25-B75 34.1 45.8 0. 96 6.03 6.28 I
2-C25-B00 42.5 51.1 0. 83 5.26 6.34 I
2-(25-B45 40.5 51.0 0.92 5.73 6.23 I
2-(25-B60 34.5 43.6 0.74 4.42 5.97 ||
2-(25-B75 28.5 41.7 0. 89 3.54 3.98 I
2.3 FhFEMRESU 3 Kl 6 TLAEH

B PE T2V B 5 AL HE A i 2 AN RS b A P
J 1R RE R IR AL, 2 BER BN i e a3 P, B BR
fargk P, JEE R B w R RS SEFE AR A

2.3.1

P, P, u gtk

%3 P 6 4 LRI 1% AT
JCP, P, A WEIRAE. il

# o 0. 00P, P L

1) BEE RS, Bl P, P AT u
WK,
2) 257 1S 0. 75 P, BARIFH P, |
PRl u B> B35 F) 25. 05% 17.33% F115. 0% .

3) &y W@ 848 0. 75 P, BF0 P, |
PRl u FEIRAY H3AE] 32.94% (18. 40% F137.26% .
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4) T EMHFLEarE 0. 75 P, ik HW P, P, I
w BRI LU T o [5] 45 25 iy 23 TR 447 A OE 56 Wi K
JEHIRIENE. A] WL AR 25 K TR g R 3 A
PERIE ) 2 4 S 4y 2O G BOR T, Bl 1F
FIERE S TR R 5 g B E A
=3 BB IMBKRBRERSL
Table 3 Deterioration of static loading test results

for beam specimens

R AP /%  AP/%  Aw/%  JEhh
1-C25-B00 0. 00 0. 00 0. 00 |
1-C25-B45 4. 40 7.94 8.28 |
1-C25-B60 16. 26 11.19 9.31 I
1-C25-B75 25.05 17.33 15.00 I
2-C25-B00 0. 00 0. 00 0. 00 Il
2-C25-B45 4.71 0. 20 1.76 1l
2-C25-B60 18. 82 14.72 5.79 |
2-C25-B75 32.94 18. 40 37.26 Il
30

&

32 y

Q,E /:.:"

<10 foZe

%ﬂ ,/"’/‘ﬂ

0 0.2 0.4 0.6 0.8
GIP,

AP,IAP [Aul%

Fl6 BRI )~ RE R AR 5 1 0 L A 3 0
Fig. 6 Mechanical behaviorreduction of beam specimens

with sustained loading amplitude
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T T A A TR = 4 R AR Al RN 37 Y 1 1 i e
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2.3.2 PR NIES L

Bl 7(a) (b) 530l R AR RSkt AR N &0

[ AT s e S NI B Bl 7850 4
SRR L (BB SO PT S W R S i 28 5
PSR B UM ). B 7 PTLAE Y 16 R for 48 AR
IKBE IR AE IR B RS L RE R G, Bl 4t
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R TRk a7 2 AT G2 1 7 A 2 4 0 0 M AR
T, 2 PN 2R KBRS B 5 ey 2K
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Fig.7 Bending stiffness deterioration of beam

specimens with loading amplitude
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Fig. 8  Deterioration of residual mechanical properties of

beam specimens affected by corrosion environment
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