Pa1E 3
2024 4F- 6 A

Wod TR R A qE M (A R ORE D

Journal of Hebei University of Engineering ( Natural Science Edition)

Vol. 41
Jun. 2

No. 3
024

XEHS:1673-9469(2024)03-0023-09

DOI; 10. 3969/j. issn. 1673-9469. 2024. 03. 004

MA5 ECC M-8 8 J1 F IR 5T
E P ANEINE AN 17 LIS S 00 SN A AR

(1. AFRJEFIE R2E EARTRE2EBE WL A FRE 050043
2. AFRTEPTE R B SP0E TR SRR ML FH R E S =, b AR E 050043)

WE, AT RREBE B FRARFEEINGNEX —F 205, F8 A HEAHTANR G
PEIELEM P OGRS SRR . A Tk Rt T AR A M SRS R E AR S SR R IR IR R
T AR AD R BB ATAR i B AL g e AL BIAT S T — A RN A R SR A ) AR SF AT it
AFT EAEAZEINE, &R AW, SRR LE-FHS N FERARL PTIE H 60 BN 5 19 38
PR EERE LR KIZ T UL 50% ;5 T 2t gt LR #5004 m = 2R 5 X%
HRZ AKX ZHEDT 0.95 AL AT RILE T RAFAZAM | ST AR O TR AL &k
A IR £ Al SR L 09 4R AR PSR ME AR | SE R T IR AR RS IR L SR MR e S AR AR

KR BB N FER BRI, ARSI AR

i E 4S5 TUS01 XERFRIRAD: A

Study on Lap-Slip Mechanics Model of Steel Bar and ECC
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Abstract: Traditional lap-slip mechanics models have not taken into account the important factor of
steel bar spacing, leading to inaccurate predictions of steel bar overlapping performance. To address
this, a tensile test considering factors such as steel bar spacing was conducted, and the influence of
spacing on overlapping performance was investigated. A mechanical model considering steel bar spacing
was developed and validated for accuracy and generalization. The results demonstrate that the proposed
model considering steel bar spacing improves accuracy by nearly 50% compared to traditional lap-slip
models. For ECC-steel overlapping members, the correlation coefficient between the model and experi-
mental results exceeds 0.95. The model shows good generalization, effectively predicting the overla-
pping performance of steel bars in high-performance concrete and ordinary concrete, and is suitable for
predicting the overlapping performance of reinforced concrete overlapping members.

Key words: lap-slip mechanics model; lap test; parametric analysis; fitting formula
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Tab.1 Specimen parameter table

S R ’ﬁﬂﬁiﬁfé ﬂﬂﬁﬁ% (S é’ﬂ’ﬁ{i SO R ﬂﬂﬁzﬁ% ﬂﬂf}fﬁi‘% (ZSIa Zﬁﬁg
piOMEE pew g ome pem | BVOTEE g g omr omese
L/mm D/mm C/mm V./ % L/mm D/mm C/mm V/ %
E-1 1 50 0 50 2 C-2 2 50 10 50 0
E-2 1 50 10 50 2 C-3 2 50 20 50 0
E-3 1 50 20 50 2 C-4 2 50 30 50 0
E-4 1 50 30 50 2 C-5 2 70 20 50 0
E-5 1 70 20 50 2 C-6 2 90 20 50 0
E-6 1 90 20 50 2 C-7 2 120 20 50 0
E-7 1 120 20 50 2 C-8 2 50 20 30 0
E-8 1 50 20 40 0 C-9 2 50 20 35 0
E-9 1 50 20 40 2 C-10 2 50 20 40 0
E-10 1 50 20 40 4 U-1 3 50 0 50 2
E-11 1 50 20 25 2 U-2 3 50 10 50 2
E-12 1 50 20 30 2 U-3 3 30 20 50 2
E-13 1 50 20 35 2 U-4 3 20 20 30 2
C-1 2 50 0 50 0 U-5 3 20 20 35 2
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Fig. 1 Experimental specimens and devices for lap joints

be tween steel bars and concrete
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Tab. 2 Mechanical properties of concrete (unit: MPa)

TREE LA PURSREE (SEIME)  HUBORE (FRME)
ECC 64. 4 4.32

Hm IR+ 52.0 3.68
UHPC 130.0 7.31
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Fig.2 Failure form of lap specimens
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Fig. 3 Reinforced concrete lap performance at

different lap lengths
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Fig. 5 Reinforced concrete lap performance under

different protective layer thicknesses
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Fig. 6 Reinforced concrete lap properties with

different fiber content
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Fig. 7 The curve diagram of the lap-slip

mechanical model in this article
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a, +0.113 46) x (0.864 3 x a; — 1.504 5) x
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Tab. 3 The slip characteristic value is the value
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s, 0.016 2d
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S, 0. 102 4xdx (1. 845x V, +2.31)
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Fig. 8 Verification process for the accuracy and

generalizability of the mechanical model
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Tab. 4 Verify sample parameters and model calculation results
S i W s RELE REL 1T R REAI BR RITEA BERITR A
Py KE  HE  EE RPE S TR AR FEH N ) FEH N )
7 Lmm &/mm  D/mm  C/mm  f/MPa 7, /MPa 7. /MPa 7.,/ MPa Toimy/MPa
E-3 50 10 20 50 4.32 18. 08 17.85 8.45 7.92
E-4 50 10 30 50 4.32 25.08 25.20 10. 83 11. 05
U-2 50 10 10 50 7.65 15. 06 17. 65 6.85 8.05
C-5 70 10 20 50 3.68 12. 09 10. 82 1. 96 2.31
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Fig. 9 E-3 sample model calculation results
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Fig. 10 E-4 sample model calculation results
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Fig. 11 Calculation results of U-2 sample model
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Fig. 12 C-5 sample model calculation results



30 o TR R A E M (A R OB W)

2024 4

P& 1% N B A R 2238 8 T 10% , X H
FEEIREE - ECC BI/E FIPLEE 22 S ad K, H
c2 SV NEC XIS

ARSI A 5 ECC YIS HE-T 7 Ty 24
RIF S R E0AE 0. 95 DAL, 38 VI FRL . A PR 2 5
JE Crd #E[ 3, 5] IREE L HURSRIE £, 1[50, 130]
MPa , X AGEIEE D/d 761, 3], 4K B =
Vi TE[0%, 4% ] , Wi EAE d 7E[ 10, 20] mm,

BRULZ A, A SCA BEHLE B T 41 ECC/3 38
R8E 1/ UHPC-BA A IR A, R R 3 45 R
5w,

x5 MAEARHXBHFEETESER
Tab.5 The key eigenvalues of the test sample are

calculated as a result

o g BR A 4% TR B A
i J) Ty /MPa LT T oy / MPa
E-2 9.20 10. 49
E-S 15. 86 14. 36
c-2 11.89 8.15
C-6 15.01 13. 84
U-1 6. 14 6.33
U-5 9.20 8.99
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KEETEERE MM,

Fo RHEFETHELER (Bf:MPa)
Tab. 6 Calculation results of each model of

the specimen (unit:MPa)

BAZR RIME AN REG g Ao
E-3 18. 08 17. 85 12. 88 15.40
E-4 25.08 25.20 12. 88 15. 40
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Fig. 13 Sample model calculation results
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