¥33% H2 LR AC 3 - 5 4 Vol. 33 No. 2
2025 4£ 3 A JOURNAL OF SHANDONG JIAOTONG UNIVERSITY Mar. 2025

DOI:10. 3969/j. issn. 1672—-0032. 2025. 02. 015

£ F IR MG RN ERE O ER
708 14 BE 7 b

a2 a2 1 =dN 2 [31: VAN ES N 3 3
FEE R, RN ", R E
LLhARBSRRABEETIRZR, LA Fd 2503572 Fdadanydk THEARANE LA Fdg 250101,
3. HEGARTRREERDATRNE WA FiF 274000

E R Bt B RTTER A 2SO ARG SR 5 7 DX BT BT L RE , DR WA 22 0 (1 FH 22 A P R s Ak, 2% i B A T O
23 A9 A A O X TR A kA T TR O b R AR R | a2 A AR e R 3R SR
MIDAS CIVIL 73512 23 B AW Al TR BE - K2 TR 7R 58 1 AR R 50T HLSE (JT) 023—1985) (2 B B4 A3 T 55 - I 07
FrREE BRI BT L (JTG D62—2004) Beit2< oAl AR S1,S2, 7E 1 1 4 2 A AS 3 i 28 T 2E A7 59 F1 90 #r 5
AR 1 2 4 R4 JT) 023—1985 JTJ 062—2004 ZE3R 451 & Tl AE R 3 T1.T2, 2R F4rgm 4 7 =2m
R JT) 062—2004 TE 3 fdf AR BRARAS FIR 2800 B BROR S B 28, B 2000 R R, X AR 41 JT J023—1985
JTJ 062—2004 3123 U AR A 2 B A9 1 T 56 - B 007 J 1 iREBE L ATR IR BT ML (JTG 3362—2018 ) 4238 fif 4 A
FHN AP PERBRI ST, 45 FROTHRE AL 3 M &5 53 5 4 ROBE RN s e 45 SR EA T X L . SRR 1) 7EtE #/E
LA AREE ST T2 BT Sy i /N T S2, A5 oAt S1.S2 Wy BT v J1 Kl JTG 3362—2018 38 fif £ 415 %00 1)
FEOR TR MG A, 735034 K 26. 8% (16. 8% o 2) g5 52 T1 T2 #1580 BLR AL, Bty 28038 O, 2 s SIS Al 46 25
BOICH BT R X A L I 2AEE , B X R AR S Al g - 24 4%, - RLARR I ) IR AR AR, 28 s i 1) BRI i &
AR, 3)IRE T T1 AHe 2 IR e T2 K. 4) —H AR, R0 A2 Ffy R B v &, B AT 4800
R PR SR AR A R SIS AR U, A T S 5 T DX S B4R A R, TR R AR AN IR
S 2R AR AR, iy 8 NG IR, AR B R, BB AR A BOR 5) IR T T1 I T2 AR ANk = JTG 3362—
2018 Uit 7R AE S BRI 150 52 T2 P08 AR 4R %4 R EOR 2 0 52 T1 JEA 2 JTG 3362—2018
PIBTBTEER  HE5 24 R ABE/IN e 6) I T1 N T2 [HE 2 i AR A 50 22 506 SR 2R, (HAE BT ) X ik B 4 3
LU NG T HER R AT IO A, R AT B AR I
KRR M B TR PO R RE s TR A DR G s X Ll
hE 4K S U448. 2172 XA A NEHS:1672-0032(2025) 02-0120-11
SIFAMEN: B, R, Mpems 5. AT UM ZEN AR T SHRERTRASIL[T]. WARBFE RS
#&,2025,33(2) :120-130.
LU Qiaoqiao, SONG Shuqgin, ZHAO Kunpeng, et al. Comparison of shear performance of in-service hollow
slab beams based on abandoned standards[ J]. Journal of Shandong Jiaotong University, 2025,33(2)
120-130.

0 5lF

25 DA AE A 8T 20, 32 WA 6 TR B0 e RSN 2 BB R

W5 B #A:2024-03-19

HEELTIH b & 4 @At % 5 8 (2020B02)

FE—1EHE A 5 B (2000—) , %, )" @SB A L LA R A, BB 6 A il iE 4, E-mail : 1437522376@ qq. com,

w EEEEE A ARSI (1984—) , B, d A, 33, AL H A $IF, T2+, 2 BT @AM RN o B 55345
H A, E-mail ;204085@ sdjtu. edu. cn,,



521 P, 5 ST IH B T LS A A2 D AR B PR REXT L 121
9 2 J% | A 125 H e 1 7 0 S5 A R 09 I 25 1K, e SOk [ 23 1 i B0 28 O U TE 12 8 1 AR T W L
RRIZEH R 243, Horp 25 OB BRI 2448 I B 210 L R 2B R S i , 7T RE 6 AR 2 () 4544
4 R IHZS BRI BT PERE B B A IS Y o TR IHZS DHURAE 24 T 22838 A7 48 46 1F T 19
BBy AR T, A RE R 0T A B S A M e

INZS 0 M 14 3% 7 P RE A SR LB A 1 2 18, BT A 25l 1 4Rk MATLAB 42 [ 36 4 22 9 2% 5
EE R 20 a BTN F7 28 OAURA BRITHRL, 6 1E J5 BORE R 55 S2BR S5 R i 4 BIOF 25 9E 4 32 18, 32 85 AR
TR R T A B T TR 5 AT A 45 i A PR OT K ABAQUS it 57 5 3K 12k T 7 TR B 4 25 0
BRI /4 KD A7 M2 2 A0 4 25 S TS 3 T 7 57 2 T X 42 i A ) 282 4 1) 5% 0, 4 ot T 6 4 2 ™
T, e Tk B K S R AE , S F HA AL F 24 5 % SO AE IR A 52 R Hi 0T R B e 1 R 25 AR
TR R 24 S SR AT, 0 AT T 4 5 TR 4 3 s 6 F 5 A () B A T A Y 2 0 AR AR
(5T BT AR R 7 BRI 2RI BR AR 4 7, 48 2 R R 2L 4 KT B B I P B R 3 T AR R 4%
R W 4% 0 R VO 3K B R O, RS A e LR M AL, TR LU R I, e R A /1N, o o 1
R TR A A X B P 2 R AT O 1) SR 1 B DR HEA T IR R R, S BT A R R A RS B ) i 4 g 2
P B 4 5, 235 51 2 W AR 5 AN AL R B B B A S O 1 SR 010 5 D DAY 5 X4 SR X IR % 22 a T
178 MR IEATHUS AR, A R K G | T 2 | T R e R R 3 6 4 T 3 6 2 0 LA
Te GAAE I 72 e T HE AT AR, 405 S WA A K, A S 0 SR A v R R ST B 1) L4 T I AR
HHY R ) SR B R PSR AR U A o R 2 IR A A% s O A AR ) 2 A DR (E N 4% SOk [ 2-
3] s IR AS AR R U FE IR T . R (R BT B A AT % HH B A R R ), M 14 )
WA 7 AR AR

S Sk [ 2-3 ] ORI T 2, X008 0 A A R TR A B = R R RS
BT R 2, SR HIA FROGEF MIDAS CIVIL ARG SCHk[ 2-3 1R 2 4230 BB, I 407 Hisz )
0o IR 2 ZH XL 940 AR I 7, PRI 2 HEA T A7 4K 00, WL 06 2 09 S Bz SRl o 38 X A
BRITA D25 SR 5 S BRI UGS S , FR 2L TS0k [ 2-3 1300 28 Do R B 85 P

| RESE TR

1.1 HEREEHEKX

BRI R PR A A2 PR . LUK 16 m B2 DA M BIFSE R4 AR SCiik [ 2 3% 317
N TR EE b A5 oA e B 0. 75 m, hyielids F B, BB A2 25 K, RIS SCER[ 3 ], s Bk
VAT EE AN A2 T, i A 1 232 v 3tk L SRR [ 2 ] 185 2K 100 ~ 500 mm ; 24y 2 497 52 B9 8 [ 3B A%, Al SRR Y G
4558 — R HIREIE 2 TR AR AR AR BEAS /N T 80 mm, ARHJE STHR[ 2-3 1 43 il Bt 19 25 0 B 22 M il v R
SHANE 1 R

50 1040 50 50 1 040 50
- e ) =8
éI
1 4
T e ¥ g
B0 <320 B 80 (120 120 180
BN :mm,, B mm,
a) SCHR[ 2] b) k(3]

B 1 AEHK[2-3]55]&H 0T A& R+



122 IR AC 3 2 BE s i 20254E3 A 533 %

1.2 HWRRSHEER

TRBE AR R AN A B R ERBE A B . AR SR [ 3 ] 25K, UL HRB400 k=S40, HRB335
Syl B A, T 16 B A7 B4 4T B 5 R e SCRik [ 2 ] B A, JE
PETEAE . 25 A7 10 A A A 3K 24 159% ~30% 5 5K
e ek PR AR th %) TN 3 XA, oA TR ) A R A A LB
SR I E M R IR JZ A7 , (s 4% T A i #9143 G 40 751
B I B NS AR B, MRS SR 2] ok, £ R
WG EARN K TF 10 mm, 5 H9 E RN 7~20 cm, H
AAEBSARI0 1/4~1/6 25, REMAAEI S tEE T T
S A 1R .

A AT OB RE R (LA 26 (SRR AT FARME A 988 HHE ) AR T 95% , Xt 1 4% , Sk
[ 3] R L AR 22 1 AP RT RIS e SRk [ 2] 220 ARG SCRR[ 2 1 BEK, 25 DA 32 193538 0l 542 @ = 12mm
A R FH I 7, @ <8 mm B SR FHITZR AN A , AN £ ARG B2 &y 1 570 MPa, HAS A 15 mm, 5k$7 77 3 R f5 5k
s MRUESCHR [ 3 1SR, 28O0 M 2 38 38 A0 A7y 158 ) HRB335 , ARCAA oth g it 3 X 2 R e it B A v (5 LEAR I
R, MRHE R R TP IA B SORERBE TN 1) 24 1 860 MPa, E 45K 15. 2 mm, 5k =0 Aok
Yoo SCHRL 2-3 ) 2 MR AR Mo TR AN 2.3 iR

F 1 LBENEHE S FHEEEXT
k[ 2] SCHk3] T e AR
FRYH BLRWA SR/ MPa
S 58 5 A9 T 90 R235 235

1T M HRB335 335

& I |
2 o BT | o
™~ . . p ‘Hﬁ —H- i e I | i ;‘l:)
. . X =msas | (2

1 - 1 600 | 6 000 ! ]

| 1240 | : 15 960/2 |

A :mm, AT :mm,
a) HUH T Al b) 37 THFC

B2 #k[2]%FSHBEHRSREE LGRS

800
{\
| \

N [ {j
L

800
500

" -

o

NS T ] =t
| 1240 | | 15 980/2
HLA  mm, AL mm,
a) THCIAT T 9 b)) 37 1T 3

B3 X#k[3]T CHMBEHRRE R LA RS

1.3 B8 EREEHER

TR E LR A AR AR AL Ty R PU SR B o AR SCHR[ 2 ] 20K, $ IR BE 145 530 7, Sz 07 Rl i1
K200 mm, 50 BEGRIESR (2R FEIR BE L s0E A0 S5 AR, T 9 52 3K B s i B i B2 A E %) A
85% . MRIGICHRL 3 ], 4R EE L5 B AR o3 , L7 RS 150 mm , U8R BEARUEA 95% . R BEL
i B BORANTA] , B BB AE TR (1) 3R

O S A TR U5 b S TN R BB W R R MU oh SR [ 2 ] B SCHR [ 3 15, 28 B A SRS th 2 3t
BRARZS A2 S LA T SEE FR G  SERE AL FRARZS o SCRL 3 ] 7R 8 e BRARZS e i 3Rk =, e 33l
Si P RS B T A A T B, S AT R B RS S S FESCR (2], iy BT
AR 34 K AT A L T PR AR Al A r 2 K A Ao 280 A T AR i 2 B T, P AR e 42 S 4
R g TVUNE 7 A5G A L, Pl AR ] A Ay 280 K Ao 25 i AR T B3R I IV o AESCRRE3 ] b, #8K



52 4 P T IS 1 PR 2 DM L DY HEREXS H 123
ARE T BRARAS B, ATAY AR AL & AN AR AL G 5 450 il AR PRARZS 13T, mI A Al U130 0 21 45 R
W

2 ZERRZHAERITSH

2.1 PETHER
e HIAT BRITE A MIDAS CIVIL ek, 73 BIARSE SCHk [ 2-3 ] BRI A 8 9 H 2 O R K 7Y
S1.S2'"" Seik[ 2-3 T ER (S B0 2e 2 w4 FRITHIEL S1.S2 I f&l 4 Frs .

®2 XE[2-3]HEESY

Sk RRoTE B /m TR i 5 AR R il R4
[2] 740 16. 00 €40 K-8 20 H:-120 0.220
[3] 332 15.96 €50 DN T G R A R 0.347

a) A BRICRE S1 b) A FRITHIR S2
4 FORPERRTEER

I MTAT BROGA B AT 2 (1 ) o 2805 RS S s A R i 32 B9 7, e 010 iy 23 B A0 — SR 2 ( 454
P ) YR 3R N 7 575 T 4, ARG A 28 e AN R AR O Al B R s ff . H RS SR AN 5.6 BT
Ro MBS 6 AT AETE AR, 25 DRt S2 i 32 89 5 sl s /T2 A 2 ST, R S2 BTy PERE HE
ST Ry s AR RRAE SR 19 ] A3 Am7 20T 7 A2 i B9 Ty $RF3CHR[2-3 1, SR 19 ] £ 28005 25 0ol 238 1,52 §20
BOR THRARRIAY BT SO BE TR AR al 55 W4 NOX B3R5 1 SEBRTH R SRR T, 7 i s o
Tt S1.S2 oy P REAY 4 4 AR (B 5T ) 5 9Bl A3 87 12 1E) .

55 J1/kN Bk 975 kN 7 7/KN
120.968 . _975kN SN >
106:337 K corEETRRGCY, 97.463
BR: ~130.0kN 827707 LR \‘%{&a.\\\&"‘%ﬁi\\\ B 70743
A NN N B
Dels 0 )‘};}%\i‘ ] 26581
—357446 T H -8.860
S =eE)
~106.337 621002
~129:968 0978
ek -130.0 kN
a) —IfE#ER

5T J1/kN 5T J1/kN
. 147.554
o304
63,707 §3.80%
33370 9918
0 13414
~15.287 0
—35)535 ~40.242
~557784 ~67.070
256540 130336
116:529 147:554

o) I RS-
BS ZSHESI ESTBEERATHE A



124 IR AC 3 2 BE s i 20254E3 A 533 %

55 J1/kN 4. 977 kN wi
120969 Bk SN
08.974 ik o TR, 97676
76:980 Aues A H 630157
54.986 0 62
33:988 44398
3% o 26039
-10.997 H -8.880
—32.99] L1 26639
-54.986 _44";98
—76.980 62157
120.969 —97.676
BT JIAN Fks 1422 N
121.993 L Pl BYF1/KN
98:313 e S e et 142.490
77632 116.583
53.451 iy \ 90.676
o s Nl
39271 . ey 1%:954
351451 e 38,861
Z77.632 U e “647768
L et
o 142.450
o) SCERIBIRG fiak d) SCHR191 B TR

Bo6 =CSHMES2ELEGBERNTHHTA
2.2 (EBEIRISHMIBESIT
23 M S1.S2 S T S A B FR AN, 52 8 g e NERERIERT, 25 0
S1.S2 By F KRB S X b inge 3 pros .

®3 FARFHREATEOREHRERRT AR

B K BYJ1/kN
BT R for 284 )

sl S2
— e 130.0 121.0
e 97.5 97.7
SCHRL2 JVRZERT R (S1) SCHRE 3 TIRZERTE(S2) 116.5 122.0
SCHRL 19T 2 -1 Gfir 2% 147.7 142.5
SCHRL 19 ) TE 3 6 A RS (1. 0 5 I TE SR 5 70% i Al A8 ik 2 ) 330.9 318.5
L2 AR —JME 1. 2 A —IME L 1. 4 AT R AT 22 M L L AR SCRRE 3 ] AR BRE I AR BRIR S AT 32 R 527.8 508.1
TESCHR [ 19 ] 438 A 480 F F1 R e iy Iy 3 i 26.8% 16.8%

TE B R BY Ty G0 SRR 19 23 -1 GAir 48T #e R 09 0 45 3CHRT 23 IR R e R BT 2 2 SR & Z M.

I3 3 AR 25 oA e ST.S2 7ESCHR [ 19 ] ff AR T, e R BY g HESCRRT 2 -3 T fr 8 20 591 48 K
26.8% ,16.8% . BIJIMIKATI T A5 2 4o X2 0o S1.S2 AT A 20, 4 W7 — 38 AR 2 ) 2 75 il
FESCHRL 19 ] BRI RA 22 2 28

3 HHRELRLE

3.1 SZHERSH

FAR LG 1 4 AR SCHR[ 23 1R 43 R T A a0 % T1 T2, AR R A AL e 2HL 5 D0 5 s 4 A
RV A S, 4 RASE RS AL B0an 3¢ 4 i, ik 4 w] sk S5 RS AR e SCHR [ 2 -3 ] 2R R 13 50 1o
#, 3R S PR,

R HF 1A REURE S8 AR P R AS A2 14 S DU X SR A T R A 74058, O S PR R B R 3 53R 2 Tl Y



52 4 PR 4 0T IE AL ) 22 MU LD HERERY H 125
FIE2 B A DR RO 7 Bk . a3 T, BEFi 43004 N, ~ Ny 5602 T, BUAT 43 51k
M, ~ My, BRI S EINE 6.7 Fiox,

x4 ZOHRREREHBECEH

i H BRI e AEALH 2L iH BLiNTHY jre| FHALH 2L

KB L [L] 174 MR R E [FL™?] 1

JU it MRHREE
M A S [12] /16 YR G [FL™2] 1
N o [FL™?] 1 HErhfF [F] 1/16
R & ] 1 Pififrdq  [FLT') 174

R 25 R iS5
By [L] 1/4 M [FL] 1/64
N x [L] 1/4

RS AREMRAKNKBEHITEER
I X 5 RV e LS IERM IR ERS/KN KRR SR BRORAS /KN

Hk[2] 330.9 527.8
SRS U A
ik 3] 318.5 508. 1
ik 2] 20.6 32.9
NSy AL R
k(3] 19.9 31.7
| 2921 mm | I 280.1 mm I
| | M1
o /—Nl T f e
P
—N2
g N3 g — M2
[\. p < | "\i P 9
§ ° b A § M3
° o/ -
M4
N o] o ol ol al - p/ N o
N5 M5
a) I T1 b) A5 T2
B7 =SHmEHSRRT
%6 HBE T RE %7 HABE T RE
G HAR/mm K& /mm BCAEL i HAR/mm £/ mm BCAfI %L
N1 8.0 3 980 2 M1 14.0 3 980 3
N2 6.0 1 040 54 M2 8.0 3980 2
N3 6.0 3 980 2 M3 6.0 1045 54
N4 12.7 5 000 4 M4 12.0 3 980 3
N5 6.0 3 980 4 M5 12.7 5 000 2

3.2 MmHE

T R B I AT AT B AN 8 BT, NS AT B P A T R R A A S AR L iR R T T2 30
INETEE RS L 3500 187.7.202. 3 mm, 3205 AR LR AL 45 A1 L 3 AL AE , R 4 a6 S8 A 3
MBI



126 1 AR 2830 S e 2 202543 1 %33 %

(PR P
N = =
2 _ ~ N
Lt ARy T T - BTN
SN _ _ _ 1N
AT it T A

8 MEARKTER

3.3 HEMEARRILBIAK

L FTEA T BN 2l MR B R 2% o 1SR T 3 O 207 S22 S min , N2k 2 SCEKE 3 ] F IE R
AR BIRAR 25 A0 7 28 W FROPR 2558 r 2, T 5 28 i 2k 22 1K R R

WIS T1 Y I X S 4l BB AN 1A] 9 Pz o WHASR e TL A 2 19. 3 kN i, s s Hh B
TS s WS A B R R K 174 28 3/4 S N (4B Br) R i B 5 B2 5/ 9 SR 4 5 iy 20 1 2 0 =
35.7 kN I, B 0 X PR 1 AR RE ESE, BT R SRAE N IR SE AR O R e Dy T RS T 20 =
76.2 kN I, = RLEEMEIT B 3~ 4 ZRURAEZL4E s N 2 89. 6 kN INF, A3 s ) SR 4% L S i 2 M A, EL9E
BERERA R, MR RAETERER T 1.5 mm I, kg 2 %08 45 1 i

® ~= TR} T

a) B JE X 2455 b) ali7s B 5l
9 RXBETIHERRTHAE %

BT T2 YR IX KAl BEREEANTE 10 s, X8R5t T2 (il g Sils it T1 2K R, 15t T2 1¢
INELZE 19. 8 kN I, iz s A BN /N RL4% s A 204 2 30. 2 kN I, o B R IX HE U 1 2R Aeb s, il it
T2 BRI R A3 LR T8 T1 /DN, SRR 2 T1 AN ) L0 L 8 1] 25 L A i 1 R 114 1 3 5 i
BN 74,8 kN I, AR i O R, Rl PR BE 2 ~ 4 ZR AR R AE, REE BE 0. 15 ~ 0. 25 mm; i 234 5
95.6 kN I, I EER R TE LN 0. 45 mm , HIEHCREETEE R T 1. 50 mm i, H B2 e 2% 8 45 1R dinzk.

MCNE T ]
e NP

N7
g

a) B IR [X 24 b) 425 Br i 4g
10 RIEFE T2 ER AT R



55 2 1) PN, A R IH AL BT S A AR A 25 AR SR BT 0 P RE X L 127

4 KWERSHGITiIE

4.1 fIB-TwHXEHR

RIS AL FL — i B S A& 11 fros , 2R R 28 AT S i 2R AR I B o e 2067 7% — oy il Ze R R an
8 TR o Bififar 281G K, GRS T 7 2 s ) A% | SRR B B A A BE 3 OK . FE WA A E TR il 4t T1
Hi R B KT 3t T2, R0 T1 M L IR 2 T2 K, X 5 325 DA R B 8 e X R Al i
T ESR AR SR R R,

10
oL iR £8 RBRPOB-HRELHNE
=T :gbR g THER TRERNRE  RRGR
= R R
@ it B AR e
I | | | ) T1 0.14 0.25 0.45
0 10 20 30 40 50
TN ™ 0.11 0.15 0.36

B 11 XIS RAEB-TH L

4.2 FHRNE-FHXER

SR XS R T7 2O AR 7, [Fl— R Ak 8 B T o BUZE A PAU) [] — 232 o )~ 42 o 728 2 7S ] —
PENAE o ERL AN 12 Fios . i 12 nf gk ih), 32 P AR A 4 R BUR R R
W AF 34, Tl 27 AR AE SR AR R U PR, IR AR 1R ARAE R 2, Bk T v et L0 S IX 11 4 4% , S
AR R RS 5 TOUR S 0 AR AR AR A /N, It PR A T T 4y 2 A R ol 2R 42 S fof 2 THORG 5 )5 301 by 28 ) AR 3
R, BIVAT 280/ N I R, 1o A 3 e o R, SR AR AR

160, s 350
— 1 —A— 3
“or 300 o
- 120F = pppgra 2501 - ?l »
=100} = * PRITRL
& 2 200
= z 150
i = 150 F
T 6o i
40 100 -
20 50 ’M//
| | | | | | | |
0 10 20 30 40 50 0 10 20 30 40 50
faf /KN BN
a) WK TI b) i T2

B 12 KRy T-fHwE

4.3 Jftboth
IR AT 4l AN R 9 Fis .

R RBE LS

SCHRL 19 ] ik 3k aE SCHik[ 18 J ST IE .
R S R e 2 kN ZUfidk/kN gEby e 4 2
RN e BRI 25 i/ kN S B I A 2% BBRARZS T /AN AR k= LR R R
TI 32.9 35.7 20.6 19.3 1.09
T™ 31.7 30.2 19.9 19.8 0.95

OF5H %4 R BB A FARX 6 AT 0 S IR 4% S B R B IR IR 1



128 1 AR 2830 S e 2 202543 H 33 %
2 9 P R IG 32 T2 BB AR 387 20 4 RO JE 5 iR 2 T1 SREA T AL 3Gk 19 ] 9B By R (4%
P24 2B . RIGTE T1 FHRIEFE T2 Rk F SCak [ 19 1563+ 1E (8 FH AR FRCDR 25 ik st B 244% , 15
BRI T1 FHES T2 (T A A R
Xt T i PRI BRER 245, A ST T SR A7 28 4 10 3 PR M BIRAR 54 45, 485 4 i f4F MIDAS CIVIL 2347
HERRIZE TL A T2 B BEEHEE MBE RIS . BN IR H AR R 2500 0.7~ 1. 0, AL 3 &
HA 0.6~0.97 R R IS AL I R ANF 10 F7R ., 138 10 A A1 AR E0S2 T1 A1 T2 BB RN AL 1 56
FHAEHUE A, 25 MO AR AR 32 RO TR (ELAE B g X 1o 5 B0 RS 0 e 4 % M AR S (i
I AT S AR R g 2

F 10 HERHBKERY

W SR /mm SERAE/107 BTG /mm BHSSTRI /107 PEEMERARE WK RE

T1 3.40 91 3.90 150 0.87 0.60
T 2.53 100 3.97 136 0.63 0.73
A
5 ZEig

PAZ3 5345 SCRRL 2 -3 J BT 16 m 2SO AREE BT 50T 4, 2R FHAT BROTAR B 73BT 5 4 RS R T 28k
I FRAS A BOXT LURTFE D505 7 SCHRE 19 ] 4B A 3R R X MR At A T H BT PR RERTE o

1) SR A MIDAS CIVIL 7350385 SCRR[ 2-3 [ itz 0ot S1.S2 FEtE AR, ST 52 39 7 3% ik
W/ S2, BESCHKL 19 ] 4230 fif 2 2H 52800 9 8 O, 25 AR B9 B R B 17 ) o Bl 2 R R 20 Al izt
S1.,82 7E3CHR 19 ] 438 A7 4801 HI T 9 R8T 323 B K 26. 8% (16. 8%,

2)FEAR R 1 s 4 ARYESCHR 2-3 J 2R IS HIAE IS0 52 TL T2, LA LA E A B AL A LR
FERERE T, SR G 07 0 3 28 SCRR [ 19 ] 1E 5 (o PR BRAR S FUR B il BRAR S B 2, B2 1
RN IS T1 T2 AIIR B G A, Bl iy 28008 O, 28 a5 IR A ot Hh BRAROCR S , 4025 DX i i BR3¢
&, DY DX M BRI RAE R RS SE Iy 32 5084 , BT AT 1 B A SR, TN i) ZRBEAE (1 2= AR o

3) IR TE T1 ABESE LUK T2 o nacn iy, T Ho A8 Fiff R BUR 2R e & o Bl 200, o
TR SRR AR E R bR, IO, R P e B BT s X S, SEA R, 00 SR R AR AR AN R
ST LR ARER B, IV 280 /0 I 38 DRI, 07 72 1l e PR, SRR A A, Ut T1 A0 T2 7 i 2 2 STk
[ 19 1SR ERE S FRRAS I IR0 22 T2 MPUBY /R A R RO KL 5 I 58 T1 ZEACHH A2 SCHKT 19 1 1Y
PO ROR  HE5 222 ZRBC0 N o 1K T1 A T2 B 5 J8E RN AR 15 56 28 e LA Y Bl P, 2O AR R 1
52 15N R EER ABAE B g X aed B RS B R W R R e, AR JR AR

S

(1] =pssk, 28 &, 5. Pake T Rasgat &[] FEASFIR, 2018, 31(12): 1-27.

[2] P ae AR A B SR, ST SR BHLR S R ISR A R £ B TRURL A gk AR R ALFE L JT) 023—1985. 4t
AR B R, 1985.

[3] PHAREAE B, P ARALR B . AR A R BT J 3R 2 AR AL JTG D62—2004[ S].
bR AR LEB B pRAL 2004,

(4] BT E £330, 5248 5 ARRELIPEGTCHAKLS HERGYAMRII] R EEE, 2022, 52(4)
39-45.

[5] FENG C Q, LIBL, LIU Y F, et al. Crack assessment using multi-sensor fusion simultaneous localization and mapping
(SLAM) and image super-resolution for bridge inspection[ J]. Automation in Construction, 2023, 155: 105047.

[6] CHEN L, YAN J, WU Z G, et al. Experimental and numerical study on shear behavior of shear pockets between ultra-high-
performance and normal concrete for precast girder bridges[ J]. Structures, 2023, 55. 1645-1658.



552 ) PN, 45 RTINSO R A FE AR 28 D AR P8 P REXS L 129
[7] YEM X, ZENG Z P, LI P C, et al. Analysis of early-age mechanics and crack of the base plate on the bridge in summer
based on Extended FEM[ J]. Structures, 2023, 55: 2403-2418.
[8] MHIENR,FALBFEE, ¥ MEAREIRBELTSHERTAEMER[T]. AdXFFMAKFAFR), 2021, 51
(3) :384-390.
(9] EZAF ETEB%7 0GRS TANARA Eot L5 XAL[D]. b RiE: Kbk X ¥, 2023.
[10] REHE. PAIBREZSHMHRT AREARG T EZARLID]. Fdb R LEF R, 2022
[11] 4&#. PC A EHHLMBERIT mEMAE[D]. B%. k% XF, 2021
[12] P340, PR, A, F. TR 20 569 PCECHBEATRAERGE[]]. AR KRS 42, 2017, 17(26) :109-
113.
[13] =46, 0¥, B R, ¥ ATHHERAGRRBRBERFFFTRAERA>HALE[]]. AEHARE T4, 2020, 20
(16) : 6628-6634.
[14] FIH,EIRWA,AAET, ¥ FAEHhRELTCHMBERT KB R T s L35 [)]. AR SEAH, 2023,
40(6) ; 148-154.

[15] F#,564,5%,.5 FEAHIRBEEZSCHERTREA>MWI]. LAEAKXFFR(ITFR), 2023, 53(3): 88-95.
[16] FHE BREBR MEK. ARAZCHRERDEGITRRB S5 KEAT[I]. A T4, 2017, 42(5) : 85-89.
[17] s, Rk %, ARk, ¥ PCESHERETHRET RRREBAR[]]. &%, 2021, 51(6): 92-98.

[18] &k %, #%&%E. ARHMEHRZTFH: FH[M]. 2 8. 367K 338 $ gt , 2011,

[19] Fae AR Ao B BB B3R, P L ABILR) L R A PR ). DTSR A5 R £ B TR A st 2 AR 3 % AL L JTG

3362—2018[ S]. b3 A K il tH At ,2018.

[20] #ks, A9 SL. AR HZ T FH: BH(M]. b5 AR S KR, 1996.

[21] WFoeAREfELBEHF, KERF. ARFREFTHKXBAAEJTC/T J21-2015[S]. b K AK il H i
#,2015.

[22] E4R48 wex. MAREEIRAES TR A>A[)]. HFHKE T4, 2020, 20(6) : 2457-2463.

(23] R, ik, HET. BHMERE LAMFOREFTRT RS []]. X FFROAHFRK), 2022, 53
(11) : 4359-4371.

[24] B, AER,FT2H, 5. HEORBRIHSROGRTARE D H 0B EZHRAAETR[T]. T4 5, 2023, 40
(37 1) . 167-173.

Comparison of shear performance of in-service hollow slab beams
based on abandoned standards

LU Qiaogiao', SONG Shugin®, ZHAO Kunpeng'* , LIANG Maojing’
1. School of Civil Engineering, Shandong Jiaotong University, Jinan 250357, China;
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3. Heze Transportation Investment Development Group Co., Lid., Heze 274000, China

Abstract; To analyze the shear resistance performance of the existing old hollow slab beam bearing shear zone,
to ensure the safety and durability of the bridge, considering the factors such as the section form of the slab
beam, the layout of ordinary steel bars, the arrangement of prestressed steel bars, the strength of concrete
materials, and the combination of load effects, the software MIDAS CIVIL is used to design hollow slab beams
S1 and S2 according to Code for Design of Highway Reinforced Concrete and Prestressed Concrete Bridges and
Culverts JTJ 023-1985 and JTG D62-2004, and to perform shear analysis under static loads and moving loads;
according to the scale ratio of 1:4, experimental beams T1 and T2 are designed and manufactured according to
the requirements of JTJ 023-1985 and JTJ D62-2004, and loaded in a stepwise manner to the normal service
limit state and ultimate limit state design loads specified in JT] D62-2004 until the failure of the experimental
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beams. Research on the shear resistance performance of the hollow slab beams designed according to JTJ 023-
1985 and JTJ D62-2004 under the lane load effects specified in Specifications for Design of Highway Reinforced
Concrete and Prestressed Concrete Bridges and Culverts (JTG 3362-2018), and comparison of the results of
finite element model analysis with the results of scaled model loading tests. The results show: 1) Under constant
load, the shear force on S1 is generally slightly smaller than S2, the maximum shear stress of hollow slab beams
S1 and S2 increases significantly with the increase of the combined effect of lane load in JTG 3362-2018, by
26.8% and 16. 8% respectively. 2) The experimental phenomena of beams T1 and T2 are similar: As the load
increases, cracks appear successively at the loading point bottom plate, pure bending zone bottom plate, and
shear compression zone, the inclined cracks in the shear compression zone extend as the main cracks, secondary
cracks appear near the main cracks, and transverse cracks at the loading point extend to the web plate. 3) The
deflection of beam T1 is greater than that of beam T2. 4) At the beginning of loading, the relationship between
the main tensile strain and the load is roughly linear. As the load increases, the main tensile strain in the
midspan increases the fastest, followed by the bottom, cracks first appear in the shear compression zone in the
middle of the beam, extending to the bottom, the top main tensile strain changes less; the later stage has a
larger slope, when the load slightly increases, the strain increase is too fast, and the crack changes greatly.
5)Beams T1 and T2 have not reached the failure state when loaded to the design carrying capacity limit state in
JTG 3362-2018, the overall safety margin of the slab beams meets the requirements, but the margin is small.
6) The deflection and strain verification factors of beams T1 and T2 meet the requirements, but early appearance
of cracks in the shear zone will directly affect the durability of bridge usage and reduce the overall stiffness of the
bridge.
Keywords : bridge engineering; shear-resistant; hollow beam in service; contrast test
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theoretical calculation results from all three models; however, model A’s displacement and strain correction
factors are overall too low, which may lead to misjudgment of the bridge’s actual load-bearing state, while model
B’s correction factor is less than that of model C; under offset loading, in the transverse direction of the bridge,
the theoretical midspan deflection of models A and B is inconsistent with the measured deflection trend, while
model C's theoretical midspan deflection aligns with the measured midspan deflection trend, with the maximum
deflection located at slab 4"; compared with models A and B, model C’s calculated neutral axis of the edge
beam is consistent with the measured neutral axis of the edge beam; due to the joint effect of the guardrail and
bridge deck pavement on the beam-slab system, model C better reflects the actual stress state of the bridge
structure.
Keywords ; prestressed concrete hollow slab; static load test; bridge deck pavement and guard rail ; combined

action j calculation model
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