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Shear performance of steel-plate concrete wall-reinforced concrete
slab connection joint

YU Yue', SUI Chunguang', LEI Yongwang®, GUO Quanquan’

(1. China Nuclear Power Engineering Corporation Limited, Beijing 100840, China;
2. School of Transportation Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: Modular technology is driving innovation in the design and development of the next generation of nuclear
power plants. Steel-plate concrete (SC) structure, characterized by their exceptional working performance and
industrial construction efficiency, hold broad application prospects in modular structures. The SC wall-RC slab
connection joint serves as a pivotal force transmission element between the SC module structure and the RC
structure. and its connection joint design must ensure effective load-transfer performance and the modular
construction feasibility. To investigate the shear performance of SC wall-RC slab connection joints, cyclic loading
tests were conducted on two ° thin-wall thick-slab type’ specimens employing different connection methods
including rebar-coupler connection and additional shear keys as per GB/T 51340—2018 recommendations. All
specimens suffered flexural and shear failure of the RC slab, with the primary failure path being from the loading
end to the root of the RC slab. Remarkably, even without shear keys, the connection surfaces met shear resistance
requirements. During testing, the straight-threaded rebar sleeves showed no signs of slipping, and neither the
rebars nor the weld seams failed. Furthermore, the joint exhibited high ductility coefficients exceeding 4, indicating
excellent load transfer behavior for the rebar-coupler connection. This suggests that the rebar-coupler connection
can effectively serve as a connection method for SC wall-RC slab joints. However, the core region of the joint was
identified as a shear weak zone. To meet full-strength connection design criteria, the volumetric steel ratio of tie-
bars in the core region should not fall below 0.59% .
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.94 . moUK

[N AN

557 %

AR S v R A DA BT A A R
WA T 2 4> SC H5-RC A 31 AR 1 52 2%
WY, T T B A T AN R R By
BEEB T S YUY RE R R, 25 A I A5 R,
it ABAQUS A7 FR 7o 4 {4 8 57 I 35 4iF 17 A7 BR T 58 5
AR, SRR 7R T S TR I T A
FROCS R4S SR T SC B%-RC BEHE 27 o5
BT, b TR S %

1 REBA
1.1 X Egit

TR F- I AR ARG Y A BT R AR

BCT T IR sialF JUTARLEE N 122, 46 RS SC 4%

JERE x B x 55 HE A 400 mm x 550 mm x 2 400 mm,
RC BEMRJEE x 96 x K J&E A 600 mm x 550 mm x

1200 mm, %1 A SR ARS8 b Lot
B EE 5 S S BT 8 LR/ T AR A i LR 3, KA
RC-L0-S15 A5 b 89 7 12 e 4 3% 42 1 sl 4, 2k By
SN 1.5, T RIFGR AR5 3 $ 25 3 B2 10 A% 1 PR BE
F RC-L150-S15 (77 s 45 A AR 2 BT
BYEE A A 300 mm , BT X b AT 0 45 A T BT
SRS P BT M RE, o PR AR JE T ¢ R
10 mm, SC $5 I &R (p, =2t/D) H 5% , 4 AISC
N690-18"" HX A LA 1.5% ~5.0% ., PGy
£T @10 x 100 mm [A]fF >4 100 mm x 100 mm, RC #£
F TOU SR RS R 4% A 1 )2 XL AN AT I, A A0 820 [
% 100 mm x 100 mm, FL A5 % py. HO.48% , F5 4
GB 50010—2010""" 152 25 44 {1 1) 52 1 T 75 2% 31 [l
0.15% ~2.5% ., SC 555 RC #E#Hxf Fiff; €8 [a]
E 4 200 mm x 200 mm,

R 1 SCH-RC #iZEET SREEITSH

Tab.1 Design parameters of SC wall-RC slab connection joint
45 T SCHYE x T8 x //mm  RC MR x 56 x K/mm  HiITHIE PO KE/mm  PUI7HEE]IE/ mm
RC-10-S15 WA 400 x 550 x 2 400 600 x 550 x 1 200 — — —
RC-L150-S15  S4AHERESS + PUBUHEE 400 x 550 x 2 400 600 x 550 x 1 200 H R4 150 300
400 1200 400 1200
RE] | s REN | s
— =] 24T ®10x100@100x100 = =] 24T D10x100@100x100
— =—q
37 £ 8@200%200 HHR 5 £8@200%200
» AL @ L Pk @
[_ A RCHEAR |— A /ﬂﬂmwusx 125%6.5%9 —
—( = —( =
S 820 Y15 820
- Py Py Py Py Py o o o P o o
_ 7= = B g /
=t =1
ol el i
BLE{[ )| §§ _IB B|_§m 1 é[%% JB
E| = - W N RN\ S Y AN I I
o £8@200%x200 STIERS  \es@200x200
Y mesn Y g
| g N %
300 2 300
— = A _j_ — Y175 820 =t = A | =0 Y7820
+—|eeee + e e e e
¢ L — - | HA W
D . mgge o |T Iz
] Tt |
L |ee 0@ © 00 0 O Ly

A-AHTH

25

#20@100x100

550

1300

| P

40

1 600
B-BH#I

(a) RC-LO-S15

A-AHTH

300_|| 10 -
350 o
<

70 AW 820@100x100

25

550

!300|

e e BT

: B-BHIT ' fr mm

40

(b) RC-L150-S15

3 TRidHaE

Fig.3 Detailed construction of the joint specimens



5513

TOBR, AR BOBTREE T - B TREE AR BGE R T T PR fE - 95

A B T A R LR SO T, 1
T 2.1 A5 AT B AR B K e oy S, i Sk mT 3hE B 4K A
R EERZE, BT 1G] 107—2016 i HLK 4
BERARRIARRY T gdskct™ | B Sk P i B = bl i%e
TR SEBR PR3 BE B 1. 10 589 AT 17 5 B br o
i, I BAT S ek & B hiETERE . GB/T 51340—
2018 "PHTBTEEAUR T AR s e 1w, e BY IVER R
TREEAL AR 7 B 24, IR, 307k RC-1.150-S15 R
TR AR A A H AR AT By B, HL A
KB PR AR ST A0 AR5 R R B B S BR BT
YRR IR e S E K TR RO

h:J 152k + 204y oy (1)

k,
2f.b
2—E711 (2)
El
ks =1 c (3)

o, g R B Ll O T TR 8 R 5 b DA Y B B R
1 FERR R 5 5 1 77 1 TSR B, — B 36

LT BB B A L At 0 % B R A b B /IMEL, AR
SCHL 300 mm; £, A, G 5 B e BY B SR
TPERE AR AR BT VIR . D RIESs S b sy
BB AR ) AL, AT AR TS
B PUBTEAS S T HW125 x 125 x 6.5 x 9, i 5
PR b AT EE 148 mm , 52480 150 mm,,
1.2 #iERne

RIS RS 2R T REAR R, g0l A TR %
TR C40, e MR U 6 4> 150 mm x
150 mm x 150 mm JR%E 437 7 R | 55614
) 25 A [ R4, Bn BT i 96 15 3 VR 0 1= 37 1A
PUHEE B - {E £, 4 45.79 MPa, SR AR
FH Q355 9%, 9\ fifi 820 R H HRB500 2%, X i A4
$8 SR HRB400 2, Hisi #4251k HI MLIS, HR4lE GB/T
228.1—2021{ 4 J@ ARl PrFREs 565 1 35 iRk
By R dERL IR R T 100 « MTS J5 fig i
SHLIE R, B T NAR T AR ET SN R Y )
PERetE RS, WA 2,

&2 WHAFEREIER

Tab.2 Mechanical parameters of steel

IR MRS ks Ji 5 B ../ MPa W BR5R B £, /MPa WAL &, HPEAE E /(10° MPa)
I Q355 £=10 mm 331.12 468.63 0.13 2.10
POETAT] HRB400 #8 347.88 446.08 0.18 1.93
N HRB500 %20 578.86 753.48 0.19 2.11
AT MLI5 ®10 x 100 315.31 344.75 0.16 2.00
IR HRB500 40234 mm 570.00 735.00 0.15 2.02

1.3 mIEENE

R R H L ER R vk, s W
4(a), SC HEWIuHRHE LR, 78 SC 1% THS ft
hgh o 0.3 BY%5h ) (1 419 kKN) IR JE i 52 1 2%
) (L S SO o T 1 = A AT - 1 T RE Sy
700 mm,

MR JGI/T 101—2015""7 (3, g il & . Ji
RRATT 0540 = G Iy n 3 =3 1R I R, i AR A 8 Ry
A BRI ; S R 4 B 5 A R 2D e e AT
LRSI, B FAGAPIUR ,  far 28T Bk 2 W5 4m7 1)
85% IR AR T 3t KAE sh s ok fee TAERT AL
2k, TSR A BRIT /T AR e
B P, B NE B 5 1) A A TE ) 1) 25 in 28R )
], LI 4 a0 3 A 45 6 B 15 g AR
i, (RS I i R A AR N R e AR T 5 T AR X B
VI . FERIRE T AR AT B O XX A 45
V7 EA I R BN A8 F , DA A R AR SR

2 R R

2.1 REBIRREE

2 AN RAR A R 25 AL AZ S0 A WL 5
Fer G A S AT S I e e DAL & 5355 h 2. 8 x
107°.2.0 x 107, H BN ET 38 B 7 24 205 MPa,
[ AE AR AR I3 A BRI L o/ AEIH—ALAREE

UPF RC-L0-S15 2 4 1y 3% 422 2 2 4219 s 1F
IR AR B A I B AR KPRk B
JRAEY S0 XA RC AR 7™ A2 28 U 48, DL
Bl 5 (a) o DERSTEIIN BT BE : %00 X LA A1 RC
PR B 9 0315 A A St A, UL 5 (b)), T RC B AR
RS 6 3 ) 2 e e de Ay 2, HL A R AR B
KRR T2 e, RCBEARUAR T R TR R 5 1
JEE T2, RC AT A T W28 135 O S SURY 44
EAREARFRY BN EITRES 1.5 F, EIREUH
FRESTRTATS G B A W, 19 e 4 5 TR e A B
IR %0 X R B BT IR i AR KF-, 3 s
N RC HAR S BY AR



- 96 - B®oOROE T

%57 %

(a) INEREEE

E 4

HEEEEERERE Esbaion

o0 s

B

Fig.4  Test setup

e
g

(c) RC-L150-S 15544443 7

(b) RN
RIS
151
— BRAH
Lo| - HERHS!
1
1
1
0.5+ /:’
e
5;:. ok f /l 1
-0.5 S S
’ /, /:
SlOpTEEEEEE A
1
I
|

-1.5

(b) RC-L0-S15 RiA& 43 i
L5¢ !
: | i)
! - - DK ATRLele,)
o | U R (/)
U ! ! ’
! e
r
0.5F
3 !
S s
0 !
: =
051 i ‘
iT- "= Y
| I
-1.0 : '
2 1 0 1 2 3 4

ele (tlt,)

(d) RC-L150-S15R 484> 4

B5 TRBERES
Fig.5 Failure mode of joints

I RC-L150-S15 Ay 84 ffy 1% 4w B e 9 4 i
B R & A RC BB BT REIR , JF AR B 5
WU X IR BT D10, H A 5 RC-1L0-S15 2
AR—, W 5(c) . SCHEP AR A%, H H &Y
TR SR 100 MPa, WL 5(d) , BG40 5 sl
5 R AL A 7 I B 4 A TR ) L A RS, L
INFEAEATS R RC MR AR 5 DX 38 1) %oF 1 AL 244 | I
BiEAZ: (O DX YRR - AT Al sk S 4 ARG L 7577 1 et R, b o
SE IR Ik 5 AR AR FR A X AT 2 2AE )

BN EAR , DU BT RR IS B T IYT A A B TR AN L4
HIVE
2.2 TIHE-fIBHLE

6 Ry s dal 1 i 28— 151 7% 1h 2 S 48 - A
KR, A 6 9 RC MR F5 5155 700 mm
MIHAE . 2 3 Geit T3 ey 2 | W4 oy 2 A PR
T S VAL ORAVA > 2 S (1| < R = N L ey = A R
IR IS 0 BRAr 28 AR PR 8 Ry 7K 307 T [ )
WA (P £ 28 85 %0 YT 17 ) 467 2 FHAV A% 5 SV R BRI BR



551 1 FoOBK, S BIBOREE RGBT EE ARG Y S PURT e AE .97 -
%S ERAFEZ I, M 6 F i, 2 Fhid 407 9y s e PR R
O/rad U S RBOYR T 4, I MR R i S A, 3k
004 002 0 002 0.04 PRI Z T, [RIZ0 8 55 — el vy [ 34 5 55 — Pl i [
B PRI AT, W R e, BRI, W
600 - IRk 2, R B R R E T RC M AR S BY
400} 27N
200k FE L AISC N690-18""' X} SC B AH T L 41
< T AR N R B BTN, < A
SR EE VA SR T T A R (YRR R SR T IR
20 R T 1,25 REFT I R P A3 | TSR 2 4
-400F RIEAERT MR B SC B%-RC B IE 427 S0
-600 - PESE R A B e I TR ), 15 R0 X N2
30 20 0 s/i - 10 20 30 B TR IR TIPSR KIS o4 B
IR IS RC MR, 10 B0 7377 3 4 0 3% 42 FNAH DG A
6 MR- T RSB AR A
Fig.6 Load—displacement curve
#3 SCHEH-RCEREETRRKSHERITHMER
Tab.3 Test and FEA results of SC wall-RC slab connection joint
R A BRIT AT
st i MR VR VL, DR SR, Fyron/ Ay o/
Jiiel iU 7N G O moRER
kN mm kN mm kN mm Froe A
RCAL0-SIS Em 628.77 6.72 754.20 9.86 641.07 24.65  3.67  RC M 1.01 1.32  RC W
Rl 568.27  5.26  676.43  17.12  574.97  21.92 4.17 SHBIE 00 0.¢7 BWHIE
Relisosis EF6S6.T9 567 78303 1722 66558 23.69 418 R€¢E§ﬁi 1.06  0.78 RC MR
I 479.70  5.08  585.25  12.86  497.46  15.26 3.01 SWEIA 139 063 HHWEHE

TEF, o oFy pen 20 B R BROTIH ST AW ERT 2R, A o A, w28 BRI A FROTH ST AR AL R

3 BRI GB 50010—2010¢ R 5 + 45 M5 T RLTEY ™ i 5% €. 2

R BRSNS, AR IR O U ESR B £, 4 34. 80 MPa,,
FE—AFIE SC BE-RC MEMGE 297 s BEIRAL AR TR AT S5 b 1 R AT 4 e o
% EIR A & A RC BN BT, RC BEAR A
A 340 2R I I 20 58 Al 550 98 1 B A A g, JHL R g — 9 AR
KHREIE T,

B SR ABAQUS XA XIS A A T B AR AL
3.1 MRAHRAERE T

D) PR A K TR B - 36 FH ¥ - 5477 98 1 A A
(4 F% “ CDP & ") B4, AR K C R OR A

4 6/MPa

---RE
— 2
ka ;1\ SZPL
4
(Y
P
A
: \
1 \
i g().pl Tt~ ___ ‘pl
4
(a) JEHELAH

(b) WM A

B7 MHEEEXR

Fig.7

Constitutional relationship of materials



.98 - [ S N S

557 %

2) FROTR BRI PIAR K 3 256 AR RITIR B -
AR RO R/ N ZR SR TSR 530 C3D8R MR
132 AT R BRI AL B R 1] 576 .00 SR4 AT
LGN TR M BT A X R IR BT B31 #EAT
BLALL B 55 TR BE 1= A% RSE o 25 mm,

3) HEfh K R AR, SC EETENE B fir 48 4F
PR B S TR BE - 2 8] n] BE Y BLAHRL S SN AR AT
ZYRIREE TSI B S BRI BE 2R penalty”
PRESUE SCIRE 484 i, D1 o B 4 R HICR FHO. 6411 3k
] 5 SCREAZ A, NS N Sk T S TR BE 2 1]
K “Embeded " R AT, $ AL 24 0 E fr 2319
AR SR BE 2 AR FH “ Tie” 48 5E 290, M ARIIE
T A FROT R B 5 a6 1 R PR B — 2 7E SC
RE TR0 X 2% 5 RP, , 12 27 44 RP, it i &
TE SC B L S% 0 RP, i INEH% 293, 7 RC
BB O XS 5 RP I 5PN
HBM AT G . A BRIT N R 5 G 2 i 2
JEARTE], WL 4 (a) o
3.2 faAE-fI &tk oM

K19 Sy 2 A9 sl A BROTH 5 - % ith
LM BERMMZ 5T ai R, R 3 gt 7 rA il
PSR IE B AT LU S5 R G AR (B A 2 W 0 %
KRR, AR LI 4518 .

1) PR RT3 4 i 2 5l i 46 B
AW WA B N REBCRHIE, TG R E S &
SRV AR ) A W B AP — 3k, JCHAE IE 7]
INERB HW) G B o WA T BT R(E S i Y
SR 1. 14, S5 R R R UIBCRL Y K 48 0 11
SRR AR AEAE B ) Jo 288 P 06 {1 7y 23 35
R 0 T A, 5 R TE T BR TR A iR 5 -
TR S FF G, ol CDP BRI
Il EIR 52 3R BORG  25 TETR e 1 244 |
800 — RC-LO-SIS(TEST) __.

400 | ——RC-LO-S15(FEM)
400 -
200 -
ol
2200
-400
600F o=
-800

F/kN

(2) RC-LO-S15

L7
LiTT]
11777

1]
]
1]

LT
LT

LT
"l""' i
[/

I
1

T

LT
1117
L]

L]
)

1777

LI )

am

k}; W™ u=U=U=UR=UR=0
8 MMEXISFih &MY
Fig.8 Mesh and boundary condition

2) AR A% T 5 30 A9 °F 2 B A
0. 85, T R (A A 1A L VTS s i
ZESEARVRT A5 1 : — S A FROTA R 1R A4
1 2 IR ] L 3 5 R 7 A, — BT BR T2 A ) 35
WIE e T 6 45 R, A R R A Tl e e 9 — T
T, AR JA A 2 1 P sl R B A B AR R 0 28 )
7%, IR TR B AR IE | A FROCHR R TG i DT 2
TRBE T BT R, S B A E AR R
3.3 FIFRAXILE 4T

B10 25 M 1 2 A sl PR e Ay 28T A9 e
REPIAVEN AL | fe R TR IV AR K Mises I f)
R R ERLIBVEN AR 25 P AT e IR B T R4 1Y
AR AR LIV AR B R Y DX R A B 5 s B K
s BB 728 7 AT e TR 5 e /N 2 17 728 3K 3] 1
7R A X B PR S o Mises I ) 2 (&1 R] Sz R4
B AT R A R B IR K

1000

——RC-L150-SIS(TEST)

800 ——RC-L150-S15(FEM) 4=
600} 4

400+
200+

o
-200+
-400 -

A /‘/ FAY
-600r . °© /
-800} ot

-1 000

F/kN

(b) RC-L150-S15

B9 BIZREZ&xitt

Fig.9  Comparison of skeleton curves



5513

TOBR, AR BOBTREE T - B TREE AR BGE R T T PR fE - 99 -

PE, Max. Principal S, Mises )

Multiple section points ?1“:""};;3““ points

(Avg: 75%) i
+4.845-02 +5.0006+02
+4.442¢-02 500e+02
+4.038¢-02 +4.0000+02 =
+3.634e-02 3.550e+02 |
+3.2300-02 2.00e102 |
ahasets +20106+02 LU

¥ 520e-+0; =

+2.019-02 +1020+0;
+1.615¢-02 52406401
+1.211e-02 428006400
+8.0760-03 2130000
+4.038¢-03 o
+0.000e+00 5180-04

PE, Min. Principal
Multiple section points
(Avg: 75%)

+5.627e-05
-1.748e-03
-3.551e-03
-5.355¢-03
-7.159-03
-8.963e-03
-1.077e-02
-1.257e-02
-1.437¢-02
-1.618e-02
-1.798e-02
-1.979%-02

(a) RC-LO-S15

S, Mises

Multiple section points

(Avg: 75%)
+5.214¢+02
+5.000e+02
+4.5000+

PE, Max. Principal

Multiple section points

(Avg: 75%)
+4.845€-02
+4.442¢-02

+2:510e+02

+20100+02

+15200+02

+10200+02

+1.615¢-02

+1211e-02 1300000
o

+0.000e+00

PE, Min. Principal

Multiple section points

(Ave: 75%)
+5.627e-05

(b) RC-L150-S15

B 10 ®IAERXXILL

Fig. 10 Comparison of failure mode

I RC-LO-S15 Sy JoHt 59 S ) 0 i i e fhs i 42
WL, M 10 (a) TN, WEAE fif 28T B AR AR FE A S
Ja R B R TR BB L 3R R R A 1) 2L RC A%
MRS+ BRI AE R T RC AR B BEIRBEA
B 25 A AT A 3G R ZERR PR AT 28 T, 15 20 X
B+ Bl — 2 BUR R 8%, HAZ O X XL & A=
Jee IR, B 107 R0 B, %0 X R 24 4 AN P A 2 T
J'& UL IR N L RC AR BT R 5,
FEUR AR, 5306 B B — Sk

fF RC-L150-S15 =k I H B H9 450 57 5 114 9
AR AR T A VAT 2T 99 s A0 X R
HREBVEERE 1= 4 B b () Ak ) 2R 0, A% 0 X WL A7
A SRR, LR 73k 404 MPa, 1 5 A% 0 Xk 3 IR K
-, Hor H BUARBTETEER Sk 100 MPa 247, K
KA, 5 By i AR, R AR
WARTE (38, FE FRfar 2k T RC RS R 2448 TE Ry
025 R A U AR A R A S R, WA I
k421 MPa, #2LCE A5, B 10 (b) A 32 R 6 AR
AR DX UE T AL T AR Sy A AR AR AR
(AR AT DX, I Aoy 28 110 T i, A0 DX S 4 R
ARSI BB SRR D) T R AR IR |
T, 5B A R,

3.4 Bolb X IR & WERR RN

SC H5-RC A $2 15 i v il 5 M A =2 [ 3 42
5 3 AU IX B0 B 1 B S BIF 9 19 A% O A ) R
P R G RN B T 25 3R T 0, 4 3 42 4 ok BRI b By
SRR ) 2 B SR AR R A O X BBy
TS5 DX IS, PRI 00 X A% DX A AR R 5 R
BIF B Hr, HEEL RC-L150-S15 S FEdiif i, xF
PLAGIRIEE AT e H AR AN AR | 3 o AR X 7
BRI, X7 B4R R 812,16 .20 mm A,
ot X P AR B & B p, B 0. 26%

0.59% .1.06% .1.65% .

B 1L A O XS PR TR 5 N p | (952 1R 43
g, 24 p. N 0.26% 8 K5 0.59% 1. 06% .
1.65% B}, i fF 7K 2 07 43 8 = 1. 96% 5. 43% |
6.93% , 5 S BEIRAT  RC BEARZS BT REIR | B4R AE
i RC Bt It 2d 4 i Ik, Horp, p ANHE
0.26% 1t XX i ffi e A i iR, oA A R e i 1
FEVEE 28 F A0 X R A B IR, sy
MEorMT 20, 2 89 5 F ¥ o8 1. 50 B, 35 A A% O
X p AE0.59% K VA b W) A BERIE T s 0 KA &
A BTV IR SEBT A A B i ]

1 000

[ —o— s 2 3. 0.26%)
800 — —RLAERFAHR(0.59%) 2R
— — R AR (1.06%) \3:\‘\‘*
600 | — — 50 A 40 (1.65%) S
400 4
200 +
£ of
[y
-200
-400 | e o
600  AAAERI /
T
-800 L ﬁ\\;::;,
-1 000 1 1 1 1 1 1 1 I
-40 -30 -20 -10 0 10 20 30 40
s/mm

11 ORISR AR & R R A

Fig. 11  Effect of volumetric steel ratio of the tie-bar in the core zone
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