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Experimental study on shear performance of double-corrugated-plate

primary-secondary beam connections
GAO Xiaojuan', MEI Shuai', CAI Junchao"”, ZHA Zhixiang’, WANG Tao’, CAO Nade’

(1. School of Civil Engineering and Architecture, Henan University of Science and Technology, Luoyang
471023, China;2. School of Civil Engineering, NingboTech University, Ningbo 315100, China)
Abstract: To enhance the construction efficiency and structural stability of prefabricated steel structures, this
study proposes a novel back-to-back double-corrugated-plate connection for primary and secondary beams. The
connection system comprises double-corrugated steel plates and two cold-formed channel steels. Static load tests
were conducted on 22 groups of specimens to analyze their failure modes and load-displacement curves, thereby
elucidating the underlying mechanical behavior and load-transfer mechanisms. The results demonstrate that the
installation of cold-formed channel steels within the corrugated webs effectively constrains out-of-plane
deformation, thereby improving the load-bearing capacity and overall stability of the connection. The failure
modes observed were either bolt shear-through or fracture at the bends of the corrugated plates. The normalized
ultimate shear capacity was found to be primarily governed by the thickness, height, and length of the corrugated
plates, while it remained independent of the widths of the flat and inclined plate segments. A predictive formula
for estimating the normalized ultimate shear capacity is derived. The findings of this study offer valuable insights

for the application of such connections in steel structures.
Keywords: double-corrugated-plate; primary-secondary beam connections; static load test; shear buckling; shear
capacity
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Tab.1 test results of plate parameters
NFRIERE SEPRIRRE HICRi E JRARGRAE PRS2
/mm /mm /(10>MPa)  f/MPa  f/MPa /%
3 2.97 2.08 32744  463.10 3271
4 3.68 2.07 318.62  483.10  28.50
10 9.70 2.03 311.69  501.67  20.27
16 16.10 2.04 33372 517.55 2038
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Tab.2 static load test results of specimens
i O/KN O /kN 0/0, &/mm KK
410-30-70-3-235 26420 46040 057 27.04  FiE
410-35-60-3-235  271.40 460.40  0.58 2494 W%
410-40-50-3-235 26426 46040 057 2018 ik
410-30-70-4-235  385.07 555.10  0.69 2470 MW
410-35-60-4-235  362.65 555.10  0.65 24.71 P %
410-40-50-4-235  366.03 555.10  0.65 24.09  WiE
310-30-60-4-225  287.93 41971  0.68  37.05 i
310-35-50-4-225  308.80 419.71 073 4086 ik
310-40-40-4-225 29930 41971  0.71  43.18 i
310-30-70-3-235  204.11 348.11  0.58 31.57 ik
310-35-60-3-235  176.49 348.11 050 2254 %
310-40-50-3-235  179.81 348.11  0.51  23.55 IHr 24
310-30-70-4-235 27295 41971  0.65 3499  HiE
310-35-60-4-235  274.15 41971  0.65 4269  HFik
310-40-50-4-235  262.83 41971  0.62  36.06 ik
310-35-70-4-245 23899 41971  0.56  25.59 V%
310-40-60-4-245 24476 41971  0.58  28.65 &L
210-35-60-3-235  121.38 23581  0.51  43.13  HiH
210-40-50-3-235 11840 23581 050 43.02 %%
210-30-70-4-235  150.82 28432 053  40.76 W%
210-35-60-4-235 14722 28432 051 37.32 W
210-40-50-4-235  156.71 28432  0.55 4844 B

10, BB FTITARAL T 5 0, Hy 4520 TR 1907 D R
0, =2hif N3 30,10, 1 — LA I TR A 0, B BR(1 .

TTITRERAREZZR (BAREM)

P31k . https://fxky.publish.founderss.cn



% 2

B AR, F UM R R E BT BRI AT 227

M2 2 a0 R i SRR X B A R — 3
PE, FE IR S SR W B IR . A T R
HCMESRHLEE, B A A 2 AR et i R A T
ST AFALEE 6 R ik 4 410-30-70-3-235 B ik 14
410-35-60-4-235 (BAELR B L S . 6.

i
i
B

N

(¢) 6=30.0 mm
&5 RE S it 410-30-70-3-235 BYMEIRBE,
Fig.5 failure modes of specimen 410-30-70-3-235 under

different horizontal displacements

(¢) 6=25.5mm
Bl 6 NE ST idft410-35-60-4-235 UM IRF,
Fig.6 failure modes of specimen 410-35-60-4-235 under

different horizontal displacements

HI S AT U Y, R 0 s 22 [ 4 T
s, KACEE ML, MR RHE, £
WA R 25 o R I 350 A A T IR 7S e
ARBWAE Ry /N RB# PR 753 % 6.4 mm
BF, AR AT A AN, R AR AR 3T AR
AR o Bl SRS B, R I Y XL A
OB R . S INELE 12.9 mm B, AU AR
EHCAE, TR AR AT A B 4500 90° 5k .
2B 3% 25 30 mm B, BUE AR b 5 B IR 2
RHEGFEWIR ., fEmdad i, BEEPRDE,
AL AT F B 450 T 1] 135°FE 3T, (HIRZA
A BRI AE N s IR I S A N 20 IR
PRAFSELF, BAFHLA R TP AINMEIE , AR &
TEMMREERURERE T . BIAORE, AR
RN OV S SES T S SO E DS 2T N
PR ERA, S B AL TRRIEAS, HM R
IRAARFERTFR, R & A T HAMUE s 5, R
HARARTRE PR

M 6T LIE i, 14 410-35-60-4-235 5ik 14
410-30-70-3-235 Y JE S AR AL A — 5, (i 4k
2255 mmif, XM EE ST —E i, J
P WIB AR 2835, RS I AR ) b 0 T Ak 2 4R HH R
24, FHEOKEIIRHE TR, KA BRI,

PR R BT VR T H& AR o 35 ol 24
IR, oA H B R () B BRSO, ELRE IR A
AR AW Dy, R E O ES E
LY VA > O e =P o e £/ P Y o 1 By N
RAEFHARRE . 1A, Frf gk kA mR, %
AH JIT FH OB ) 5 32 G R . fESCBR TR, W
F R HCE A N R, E— 2D R e 1k
B, DR A, Bl Lk AR
T o 25 1) (A R AR 4 i
2.2 MBEAENUBHESW

PR O S o WKL R IIE 7. Fir
AIXIFR) 0-0 EZ LA L. ImawIi], bisy
HREIIIERBR, (iRt 3~4 mm )&, PUHYK
B R B F L. BB, R AERR
ARIERE, PUBRE S R K, 0-0 i iin B
2, — H AR o S U RBR,, PUBT R
MG/ N WA A, BUBTARE T R

TTFITRERARKRZZR (BARZEM)

PI1IE . https://fxky.publish.founderss.cn



228 LT TAEAKF R (B RAER)

% 45 %

— R 14410-35-60-3-235
— R 14410-30-70-3-235
— i1410-40-50-3-235
540 r — iR 14410-30-70-4-235

— % 14:410-35-60-4-235

4501 — % {4410-40-50-4-235
360+
Z 270t

Q
180}
90H
0 8 16 24 32

d/mm
(a) h=410 mm,/=235 mm

— X 11210-35-60-3-235
— X 11210-40-50-3-235
— i{1210-30-70-4-235
200 — 1 1210-35-60-4-235

— i 1210-40-50-4-235
1601
Z 1201
=
Qi got
40
0 10 20 30 40 50

o/mm

(¢) h=210 mm,/=235 mm

—iX11310-30-70-3-235
—iX11310-35-60-3-235
400 —i11:310-40-50-3-235

— i {}310-30-70-4-235
320F — ik 11:310-35-60-4-235
— ik {:310-40-50-4-235
240
<
160t
80
0 10 20 30 40 30
J/mm
(b) A=310 mm,/=235 mm
— i 11310-35-70-4-245
— i 1:310-40-60-4-245
— ik 1310-30-60-4-225
400+ — X 1310-35-50-4-225
— X 1310-40-40-4-225
300}
Z 200
Qi
100
0 10 20 30 40 50

o/mm

(d) A=310 mm, /=245 mm /=225 mm

K7 R 5008

Fig.7 shear bearing capacity and displacement of specimens

A — TR 0/0,,5 ORI FR WK 8.
HES8 (a) ~E8 (c) nJHl, AFREAN4 mmik
TF Q10 -6 I ZRARXT BTy, 3R W B A ¢ J2 11 1K
F, Ho/o, Bk, RaEtkmiE, mEs (d) K&
Fonlg, MK (=225 mm) {14 0/0,2
$0.68~0.73, KR K (/=245 mm) 10 O/
0,217 0.56~0.58, & WXL A A B 45 i kA
H 00, R o WU R 57 B X 4548 14 e e i A

— X F410-30-70-3-235

— & {410-35-60-3-235
— it1410-40-50-3-235

LOr — 3£/4410-30-70-4-235

— i f410-35-60-4-235

0.8 — 31£14:410-40-50-4-235
- 0.6

S
o4t
0.2}
0 8 16 24 32

o/mm

(a) A=410 mm,/=235 mm

—E W . R AF 410-30-70-4-235 | i A4 210-30-
70-4-235 1 0/, 531124 0.69 F10.53, it} 410-30-
70-3-235, i 4 210-30-70-3-235 [ 0./0,, 73 5 K
0.57 F10.50. M fEifr (h=410 mm, =4 mm) iX
PHI 00,0294 0.65~0.69, WFifie/d (h=210 mm,
=4 mm) R 0,/0,,29°40.51~0.55, KU
B makrE, H0/0, R, 450
B

— 1®X14310-30-70-3-235
— & 11310-35-60-3-235
— X £310-40-50-3-235

1.0r— X /F310-30-70-4-235
— i :310-35-60-4-235
0.8 — & £310-40-50-4-235
- 0.6f
S
Sloart
0.2
0 1020 30 40 50

o/mm

(b) h=310 mm, /=235 mm

TTITRERAREZZR (BAREM)

P31k . https://fxky.publish.founderss.cn



’v

BEIR, F R ERPELET SO A RBFR

229

— X 1F210-35-60-3-235
— X 1F210-40-50-3-235
— i 1F210-30-70-4-235

0.8 — i F210-35-60-4-235
— i £210-40-50-4-235
0.6}
SIS
S
0.2
0 1020 30 40 50
o/mm

(¢) h=210 mm,/=235 mm

— X 4310-35-70-4-245
— X 4310-40-60-4-245
— it 310-30-60-4-225

1Lor — {310-35-50-4-225
— iR /4310-40-40-4-225
0.8
< 06
S
S
0.2
0 10 20 30 40 50
o/mm

(d) h=310 mm, /=245 mm /=225 mm

K8 R FIH— AR SRS

Fig.8 normalized shear capacity and displacement of specimens

2.3 HBIARES-MEHLSN

R IAEYUBT R T) Q 51N A ¢ I OC R ILIET 9.
Horp, 0 9 DA AE S A BE b Z (B e A P AT 9
ATLE I, S O-e M2 AR fL AR — 2
MBI, 2 R AERUNEE , 05 e AR

50% I, AR TRGE G O, e WG 25 4 A T
R, S#aals iR g — 8. 8%
WA (L e B AR B T B, Y TR A W S MR 2
I, AR /N o B AR AR AE £ T Y
AR TR -

PESC &R, DR B/N o 0BT R 48 7 88 1o i PR 48 £
3001 400 300,
250} .
300} T
200r WizsgEL, 0=90°  200f
Z —— Y AAEL, 0=90° Z ﬂj%m 0=45° = _._rjEzm 6-90°
=150t ——ARAEL, 6=45° = 200} ML, 0=0° < —— IAEAEL, 0=45
: e i o S CEE o
MR o R o AUAS" 28 » U=
100} TRAE o W 045 o) TR fas
s S| A, 0-90° G
T AR —o— A3, O-dse —— SRS, 0=45°
) +’\L:L§4{g: 6‘;0g 0 ) ) —"_l I 723 0:.00 i . . . —lh W./Iﬂi?' %Oo
s 5% 5 10 15 I8 -12 -6 0 6 12 18 220 15 -10 -5 0 5 10 15 20
£107 &/10” £10°
(a) 4 410-30-70-3-235 (b) k{4 410-35-60-4-235 (¢) 4 310-30-70-4-235
160r 140r
1 A
] \L
120F \ 105k
- L N —
—— AL, 6=90° AL, 6=90° v o ono
TR o5 B gl [/igiz*il | -1
—— WAL, 6=0° O — AL 0=0° _‘_}#;%mw =
TR, o807 —v— hiZEAED, 6=90° TR b0
—— WARAED, 6=45° o NARIED. O=45° +}T%ﬂ:‘,2' oiss
—— RiARAE2, 0=0° 40t —— [ AEAED, 6=0° 35t e NAMEY 0=0°
AL, 0=90° MAZAE3, 0=90° @gmd 6=90°
—-0—’_712237 6=45° —.—)\‘//iﬁ:;r 0=45° o RIE3, =450
‘—*— \: "yLXE& 9:‘0° 0 ‘ ‘ —‘f—}n//i?ES, 0:(‘)a ) . —— L‘L/IE 3, 6‘:00
T 4 6 8 10 -5 0 5 10 15 -20  -10 0 10 20 30
£/10” £/107 £107
(d) &4 310-40-50-3-235 (e) i&f4210-35-60-3-235 (f) k14 210-35-60-4-235
K9 iy R E ) 5 AR
Fig.9 shear bearing capacity and strain of specimens
2.4 HBRIABTABHITENX KIK, 1A Q0,6 MEL MR K. ¥ 0/0,,5
FETHTSCOH AT LAfE , 0/0,,-6 T4 SiE ¢ h/PAEHATHLG, 4R ILE 10,

Bl 1B h A5, 5T TE b AR AR BE d 2

TTFITRERARKRZZR (BARZEM)

M3k . https:/fxky.publish.founderss.cn



230 TTIRBRKRS

Fik (B RFF )

% 45 %

S:’
o B
-
oal T
0 0.01 0.02 0.03

hl
10 0,/0,,-ht/PIIRE(E -5 A (XS L
Fig.10 comparison between experimental and fitted values of
0/t
00,05 htlP LN FR, AR (1) B0
XFFRBCBAIT — AR FRET BT AR B B 53
Qu/Qy0:0.4+10%0 (1)
NEAER (1) BYRREVE, KA BRI R 8 )
TR SR AT X, SR 11,

400 1 ,
o RIGE .
+15%iR 254

300 e
o OIRER L4
2 [ ]
ﬁ 200 f -
&=
oY

100 F

0 100 200 300 400

QB AI/KN
El11 Q5 Filg X [
Fig.11 Q, comparison of calculated values and
experimental values
P TR O, G (B8 o0 A FE£15% TR 2207
W, BRI AR e 0 TR 2 ML, R
b A (1) Sk Ty A A BR Bt 39 7R 2 ) B
CIET

3 &k

B ) — o2 R R TR 2 9 X6 100U AR R R Y
A, IR T ST S T S AT D AR 2L
il oA BRI LA 2 B0 1 R IR A AR BR 47
BRE TN, AT AR E5E

(1) naad fE b, X R0 R I 1 76 - 1f
KA ARSI, BRI AR 7S I e R i
S ol N PN DA PN Y T N N Y 2

AR, R TR

(2) XoF 100U A G fias P 158 T ) ¥4 5 A 2
ODMBFFARFESEL,, B R TR AN, A
FF 3 4 b 0 Ao M SR 38Rk

(3) A —Fb i BR AT B 7R 28 ) 3= 2 ke i1
MR . A AR 5, 57 B TE AR AR T A
Tk I DA AR E . MK IR ok £ S AL
A IA —f i BR B B 7 48 il U5, o
RETEEL5% AN, TS REC N 4L,

(4) XoFF10XLIE AR 48548 1 b 55 38 A A ) LT
F2 T IR 5 Ry AR 1) 2F 37 1 IR 5l A b T L
FAEMTE R, Al — 2 BRI R AR B S R B X T
Jevi&- WAk N TR R A YN e S5
R PERE, A TR BRI TR v 0 R AR

2 3Lk (References ) :

[1]YAM M C H,HE X Z,ZHANG M Y, et al.Study of the strength and
behaviour of single-coped beam under combined bending, shear
and axial loads[J].Thin-Walled Structures,2025,213:113258.

[2] YAM M C H,FANG C,LAM A C C,et al.Local failures of coped
steel beams—a state-of-the-art review[J]. Journal of Constructional
Steel Research,2014,102:217-232.

[3] ROGER CHENG 1J J. Design of steel beams with end copes[J].
Journal of Constructional Steel Research,1993,25:3-22.

[4] LAM A C C,FANG C,YAM M C H,et al.Block shear strength and
design of coped beams with double bolt-line connections[J].
Engineering Structures,2015,100:293-307.

[S]HAWXWELL D A, TSAVDARIDIS K D.Beam-to-beam eccentric
end plate connections-Experimental comparison to fin plate and
partial-depth end plate connections[J].Structures,2019,19:411-423.

[6] ELTAS S,ALI GULER M, TSAVDARIDIS K D,et al.On the beam-
to-beam eccentric end plate connections: a numerical study[J]. Thin-
Walled Structures,2023,188:110787.

[7]LOPEZ M,LOUREIRO A,GUTIERREZ R,et al. A new analytical
formulation for the stiffness and resistance of the additional plate in
bending in beam-to-beam steel joints[J]. Engineering Structures,
2021,228:111476.

[8] AHMED N Z. Experimental and numerical investigation of the
bending behavior in nontraditional steel beam-to-beam tip
connections[J].Structures,2024,62:106260.

[9] URBONAS K,DANIUNAS A.Behaviour of semi-rigid steel beam-
to-beam joints under bending and axial forces[J]. Journal of
Constructional Steel Research,2006,62:1244-1249.

[10] MOHAMADI-SHOOREH M R, MOFID M, MCCABE S L.
Empirical model of the moment-rotation curve of beam-to-beam
bolted flush endplate connections[J]. Journal of Structural
Engineering,2013,139(1):66-72.

[11] KATULA L, DUNAI L. Experimental study on standard and

TTITRERAREZZR (BAREM)

P31k . https://fxky.publish.founderss.cn



%28 SELER

FWOEAR E R R EET BRI A RBFR 231

innovative bolted end-plate beam-to-beam joints under bending[J].
Steel and Composite Structures,2015,18(6):1423-1450.

[12] 250 #2, B AR AT . o520 2 U334 12 52 T3 52 i I BIF 5 [0, 2 3L
A51,2012,19(1):199-200.

LI Caixia, TONG Weiwei. Analysis of influence of end-plate
thickness on shear connection between main and second bridge[J].
Anhui Architecture,2012,19(1):199-200.

[13] NATESAN V, MADHAVAN M. Performance of CFS beam-to-
beam bolted connection using clip angle and flange strip:
experimental investigation[J]. Journal of Structural Engineering,
2019,145(10):04019101.

[14] SARRAJ M,BURGESS I W,DAVISON J B, et al.Finite element
modelling of steel fin plate connections in fire[J]. Fire Safety
Journal,2007,42:408-415.

(15 X 2R, B A% 3 0 SO, 457 . = 1 3% v A MR 32 3 Al B

{EBFFE [T AR, 2013,44(8):739-741.
LIU Suli, CHEN Chuanxin, WEI Wenhui, et al. Research on
eccentricity of primary and secondary beam joints with high
strength bolted connection[J]. Architecture Technology,2013,44(8):
739-741.

[16] B 3CIE Wiy &5, 5 10E, 45 . vk 38 e wik MR M 3 1 ORI WFSE ]
Tl #47,2013,43(6):134-137.

WEI Wenhui, YU Meng, GAO Zhan, et al. Analysis of shear
capacity of beam-and-girder bolt connections[J]. Industrial
Construction,2013,43(6):134-137.

(171 15 37 58, 3 00, SRl A5 R 2 e e O e S0 A 2 32 B

95 553 Hr (0], ARSI AS k), 2025,27(2):54-63.
GAO Liqiang, YUAN Huanxin, WANG Aodi,et al. Shear test and
analysis of bolted steel girders with trapezoidal corrugated webs
[J].Progress in Steel Building Structures,2025,27(2):54-63.

[18] SR <G, B0 SCRS . i I PR 25 W SRl SO IR A 140052 5 280 e A 7

AT AR R S TR, 2025,48(5):48-53.

WU Jinhui, HUANG Wenxia. Fatigue crack growth behavior of
corrugated steel webs of bridges under buckling[J]. Ordnance
Material Science and Engineering,2025,48(5):48-53.

[19] 753 4% [ PR 3 1L, 55 e SOBUn o KT B4 048 5 s b B v g
T5E[)]. AR 45 #4,2025,55(3):110-115.
SU Rui, YANG Guoqing, YUAN Qi, et al. Study on collapse-
resistance behavior of KT-shaped square steel tube joints
strengthened by corrugated plates[J]. Building Structure, 2025, 55
(3):110-115.

(201 A 7,45 1 R, 90 B, S5 I SORRON 58 K TR A9 571 B4 48 1

FRITIIHTI]. 44549 TREIW,2025,41(3):16-23.

WANG lJiali, YANG Guoqing,SU Rui,et al.Finite element analysis
of collapse resistance of K-shaped square steel tube joints
strengthened by the corrugated plates[J].Structural Engineers,2025,
41(3):16-23.

(21 TFHF . eSO s K 2 BME ST 0 2 A8 B M RE AT 52 (D).
P2 P2 AR SR R 2,2024:31-49.

[22] i, E AR, 2 A A5 . —Fh BT e it ) 9 45 4 32 ok B Y
CN113026968A[P].2022-10-25.

[23] KE K,YAM M C H,LAM A C C,et al. Local web buckling of
single-coped beam connections with slender web[J]. Journal of
Constructional Steel Research,2018,150:543-555.

[24] GHADAMI A,JAWDHARI A,POURMOOSAVI G.Buckling and
post-buckling behavior of top flange coped I-beams with slender
web panels[J]. Thin-Walled Structures,2024,198:111640.

[25] i A RLRI (T BRI & AT RSB HRRiE:GB 50017—
2017[S]. db5¢ P E ST Tl A, 2017: 106-107.

[26] [ 21737 e B A LSRG WAL B B 2 L R BB A
56 £ 13843 IR ) ¥ . GB/T 228.1—2021[S]. Jb 5t:f [
Fife AT, 2021:12-49.

TTFITRERARKRZZR (BARZEM)

PI1IE . https://fxky.publish.founderss.cn



