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Abstract :  As critical load-transfer components in prefabricated structures, the mechanical performance of connection directly
governs the overall structural safety and reliability. This study proposes a novel grouted sleeve connection with
perforated inner steel tubes and systematically investigates its load-transfer mechanism and failure modes through
three-point bending tests on twelve full-scale specimens. A comprehensive analysis is conducted on the influence of
key parameters—including inner tube length, width-to-thickness ratio, perforation geometry, and steel fiber content
in grout—on connection flexural resistance, stiffness and ductility. The test results demonstrate that the primary
failure involves shear-induced slip of the grout accompanied by inner tube fracture, with inner tube length, perforation
shape, and stud arrangement pattern identified as dominant factors affecting flexural performance. By integrating
elastoplastic theory with experimentally observed strain distribution patterns, an analytical model to predict flexural
resistance is developed, showing excellent agreement with test results. These findings provide both experimental
validation and theoretical foundations for optimizing grouted-perforated inner tube sleeve connections.

Keywords: grouted sleeve connection; flexural behavior; perforated shear key; high-strength grout; prefabricated structure; load-

transfer mechanism ; failure mode

A% B #:2025-05-30
AERB ) A4 AR FFA2(2022B1515020037) , K I W A #2#F 2R B (JCYJ20240813143019025, KQTD20200820113004005)
YEHH A

FHRF(1984—), B W+, HIk, £ B R FEM-RBE LA AL M @ AR . E-mail: huangzhenyu@jnu.edu.cn. (i@ 4245 %)



18 M A R kR

528 %:

Wil 5 S Tolk Ak R RE Ak 5 gt Ak Kk R T oK I AN
P& T, e e o AR it T R R T PR A AT AR
P, B HES B B AT R B Y R
M7, e Be 2 E5 A 1 )3z I 32 BR T 790 O B AR BT, 4y
SN R U E TR RES R T SR ety
i K1 o A A T A R o R U R B - S A R Y
AT, AR R 05 O o0 5 TR 0 rh 48 31 22
Ak 5e 3% . LING 26 H WU S0 BF 98 7 93 S5 1 4
(M R ABE 3 5 for - A OC R L R BRHG I 32 3h 20 ST A AL
245 S A 110 T O TR BE o RS K M R T — e Y
TE 3 AT B 115 42 781 (grouted deformed pipe splice) 9 &, , H:
TR BE L BE W L R Al LA e 1 R LR ) (JGT 107—
2016) 7 iy BRI 5 0 L T2 2 o i
KRB o RS PR TR v TR BE 1A 4 rb 4 3 £ i K L 4
A7 2 A5 A A7 2 1 K e T I it T N M TR
SRR RS Y g TR R AR . T
R e PR R A 3 9 X S8 3K % 42 (grouted connection)
A EEE Y AR R A R T R B R,
B3 Ao 5 o R HORE 5 i A = 1) e A A AR s 5
T3 AR A% S0 W 157 E I S 1R e B 1 RT3 A2 4 A
R T ER

B XTIRE B ME IR L AT R T Kt i il 56
WO g T 4G B8 SRR BR R 207 1H SR A B
FEI— Oy, B4 5 HORE 22 18] 1) 2 45 1 FHBL AR s
AT N AR R A R T S TR T T
T2 B I R ik BEOR AN TR, 7 B T 24 W R AL A
L) 3 B i TR, B R AR TR AT . B
U £ 45 SR BE 09 20 BPE AR 4R 55, 5 BOL 7 1L 3 AL
R S R B A AE 22 5L I DAT4 Y SUT
AT HUANG 458006 J5 8 48 585 T K 20 4 30 25 16 Bl 1) 7
B Y oy R AT B AE N B 1B T AR T RS
AR BHIE S BUE ALY, & B0 H: S AR R
IR XA ) B R OB T 2 P Rl N
WA AR, AR R RO 5 A IR LA 2 8 SR M
BHPERE S 2 WA 6 . HUANG 25/ 3 4% ) HL 3
P T Rl B VR R A RE T s A A R 2R R e
AL AU Ay R TN 0P A 2H G R e M R AR A T B
PG A . 2 U AN A E SR S B U 1 A R AT
TR WS, 45 R R UIZ Y 8 B A B AF R FE R R ) A AE
PEPERE . HUANG 20058 7 B8 5 M2 07 e, &
Wz E R A @I E R S e RIE R, o
o O BE ) E RORE 2 T BT SR AR B R R, A R A
BEAR TS K NS W 24, TR G 76 X 05 AR T e ) BEOR B
(4 07 FH 3 S5 v, AT Y o I SOk s B PR T A S R
k22 Ta] 1 TR 15 TC 78 T, DT B2 5 Y AR AR RE AR R R T .

Z FARWEIER K AR SCHR T — Tl 9 94 R T AL

T B9 I B A, DL K P R AR (HS GO AR i
SR A RS A T FLAR I A B )00 A0 B T R
BPERE . I AR R B WS DT (1) A
I ALIE B2 1) B Jy S, 0 o A4 5 R OB 22 1] ) LB i
A AR, 30 T R (2) IR R A ST A
ke 3, 9 A8 T FL R 3t A it T B R . AR SGE o =
SRR R T % SRR AL B A AL, R 4
WESE T A LA 280 T ALRT E ORI RE S R BT A1
XA R AR 305 R 2 R O 45 45 B o A
5 BEE HA, Ay i A LA O R A T A AORS RAE
BT 1 HH G A6 AR Al 4 B 2 E X A T R s
RETT fia] 5 JE&

1 R IEHER
1.1 K FiEt

I LW T HIAE T 124> A T L EY B 2 R
MRS EE Y (B D), X #7255, E 20t
RESPAFENERKE NERE L JFLER Wi
i JF LB R AR BT [ B, A 5T A & T MRS N R i B
BT A B Y o i o R i A0 9 A e R R
250 mm X 250 mm X 12 mm, P804 8 i )R 4 170 mm X
170 mm X8 mm, J¥ L FL 4 2 80 mm, F £L 18 .0 [4] 5 K
120 mmo £ 145 7 & a0 BAR 250, i A 89 5 2
5 22 <+0.3 mm. RO FM M T HAp L
FORNERKE(MERKE) ,BRRNETE ,DRRIF
LER, OhFRRERETRAgESZE, FH CHERR
FEALIEAR , C B AL E B AL, H S 28 1.2 3R A [\ 1Y
KT B O, B 2 ik 0 #a i

brH &
iR
Net-d

N
‘\\

) -‘Qﬁ'é

R
fosen
iE:Y
DT F ¢
<>

T B
Bl ORERE

Fig.1 Construction diagram of specimen
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Table 1 Parameters of specimens

Sy NEKE/ RNETRE/ FILAR/ HeELHE/ %HL AT RERE/ SNERE/
mm mm mm % 4K il mm mm
L280B170D80(0)-C 280 170 80 0 & 7% — 8.0 12.1
L160B170D80(0)-C 160 170 80 0 5 — 8.1 12.0
1.400B170D80(0)-C 400 170 80 0 7 — 8.1 11.8
1.280B160D80(0)-C 280 160 80 0 b — 8.0 12.1
L280B180D80(0)-C 280 180 80 0 i — 7.9 12.2
1L.280B170D70(0)-C 280 170 70 0 & 7% — 8.2 12.0
L280B170D90(0)-C 280 170 90 0 5 — 8.0 11.9
1.280B170D80(1)-C 280 170 80 1 7 — 8.1 11.9
1L.280B170D80(2)-C 280 170 80 2 b — 8.0 12.1
L280B170D80(0)-E 280 170 80 0 A — 8.0 12.0
1.280B160D80(0)-C-H1 280 160 80 0 7 2X2 7.9 12.3
L280B160D80(0)-C-H2 280 160 80 0 5 2X3 8.1 12.1
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Fig. 2 Demensions of specimen (unit: mm)
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Table 2 Material quantities of HSG with different mix ration

HSG 0.19 209.4 824.1 135.4 169.2 1050 0 7.28 6.30

HSG-1% 0.21 213.8 750.2 130.3 166.1 1110 77.9 7.14 6.41

HSG-2% 0.24 228.9 704.9 120.3 156.1 1140 155.9 5.82 6.86

#3 HSG g 1.3 HEWRESHE
Table3 Material properties of HSG AP 3 R AR R A ARG A, % %
R £ fu/MPa  E/GPa f/MPa i R 8 3o Aar 3530 1 1 Bh AR o R s X, MR sl AR
HsG 1o w13 o3 oiss  CTURPRRIEEE TGRS RIEI IR HA
HSG-1% 103.7 42.6 6.0 0.182 Tl B Y B RBRE , b 0.2 mm-min™ K 28 8 AT
EAM R Y 2E T B AR A 2y 8500 LA, Bl
HSG-2% 106.1 44.1 6.1 0.192
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Table 4 Material properties of steel

X WIS E/GPa f,/MPa f.,/MPa
N KRR Q235  202.3 2614 4146
A E SRR B Q235  205.9 480.8  528.5
I E D RWPE Q235  204.1 327.3 4531
SNE AR R Q235  206.7  463.7  542.7

RARE S FAER KR Q235 205.2  380.1 533.9
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Fig.3 Test setup of bending test
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Fig. 4 Arrangement of displacement meters and

strain gauges (unit:mm)
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Fig. 5 Fracture failure of inner tube
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Fig. 6 Slippage failure of grout
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Fig.7 Failure diagrams of specimens
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Table S Test results

%5 Fp/kN M,/(kN+m) Ap/mm @,/(10 °rad/mm) A,/mm A X,
L.280B170D80(0)-C 300.9 150.45 30.9 76.0 40.9 T AL
L.160B170D80(0)-C 88.0 44.00 29.3 72.1 83.2 AR A
L400B170D80(0)-C 290.0 145.00 22.9 56.3 63.2 M B AL
L280B160D80(0)-C 272.1 136.05 20.1 49.4 42.7 M A 3L
L280B180D80(0)-C 319.9 159.95 28.8 70.8 57.6 M 3L
L280B170D70(0)-C 333.4 166.70 37.1 91.3 47.6 M AL
L.280B170D90(0)-C 270.0 135.00 32.7 80.4 56.4 M AL
1.280B170D80(1)-C 324.9 162.45 26.7 65.7 38.1 A BT AL
1.280B170D80(2)-C 340.7 170.35 22.3 54.9 34.7 Mg b AL
1.280B170D80(0)-E 232.9 116.45 71.5 175.9 100.1 HERA A
L.280B160D80(0)-C-H1 250.6 125.30 64.3 158.2 99.9 TR AR A
L280B160D80(0)-C-H2 306.6 153.30 31.3 77.0 52.3 M 3L
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Fig. 8 Load-displacement curves of specimens with different parameters
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Fig. 9 Load-strain curves of outer steel tube
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Table 6 Comparison of flexural resistance between prediction results and test results

K% 5 M,/kN M, M,/kN M: M,/kN M
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