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Shear behavior of rib-treated interface between ultra-high

performance concrete and normal concrete
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Abstract: The present study investigates the interfacial shear performance between ultra-high performance
concrete (UHPC) and normal concrete (NC). To this end, 13 UHPC-NC direct shear specimens were designed
and fabricated. Through push-out tests, the influence of UHPC rib width, height, and spacing on the interfacial

failure mode and shear bearing capacity was discussed. Furthermore, a finite element model of the UHPC-NC
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specimens was established using the software ABAQUS, and a parameter analysis was conducted. The results
indicate that the failure modes of the ribbed UHPC-NC interface mainly include: complete interface failure and
UHPC ribs sheared off; partial interface failure and partial failure of NC embedded between UHPC ribs; and
partial interface failure and complete failure of NC embedded between UHPC ribs. The specimens with rib
widths of 10 mm primarily exhibit the first failure mode, while specimens with rib widths of 15 and 20 mm
correspond to the latter two failure modes. It has been demonstrated that the shear capacity and slip of the
interface increase with an increase in rib width and spacing, thereby demonstrating enhanced ductility. When the
rib width 1s 10 mm, increasing the rib height has little effect on the shear bearing capacity, while when the rib
width is 15 and 20 mm, increasing the rib height can improve the shear bearing capacity. In addition, increasing
the number of ribs can improve the shear bearing capacity, but with the increase of the number of ribs, the
effectiveness of bearing capacity enhancement significantly decreases.

Keywords: ultra-high performance concrete; UHPC-NC interface; push out test; shear performance; finite

element simulation
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Table 1 Details of the specimens
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Fig. 2 Manufacture of specimens
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Table 2 Mix proportions of UHPC
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1 0.25 0.32 1.64 0.02 0.01 0.13
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Table 3 Mechanical properties of concrete
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& /MPa i /MPa JE/MPa  #/GPa
NC 24.7 18.8 2.3 28.0
UHPC 122.1 101.3 6.8 39.4
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Fig. 5 Loading and measuring devices
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Table 4 Load-carrying capacity and failure

modes of specimens
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Fig. 6 Typical failure modes of specimens
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Fig. 8 Load-slip curves of specimens
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Table 5 Shear strength and shear stiffness of the interface
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UNI1-3 10/10/100 1.56 780.0
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UNS-2 0.74 642.8
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Fig.9 Shear strength and shear stiffness

of the interface
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Fig. 10 Distribution of interface shear strain
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Fig.11 Typical traction-separation model
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Table 6 Key parameters for inferface modeling

K,.K,.K,/(MPa/mm) ¢,.t,.t/MPa FaE AL
980 1.5 0.3 0.001

ol /mm
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Fig. 12 Finite element mode
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Table 7 Results of finite element simulation

i (w/h/s)/mm  RIEE V/KN  EEEV,/mm V,/V,

UNI1-1 10/10/40 32.20 34.18 0. 94
UN1-2 10/10/70 22.37 31.53 0.71
UNI1-3 10/10/100 28.01 29.69 0.94
UN2-1 15/10/40 32.54 34.16 0.95
UN2-2 15/10/70 29.98 31.15 0.96
UN2Z-3 15/10/100 23.17 26.57 0.87
UNS3-1 20/10/40 33.66 33.95 0.99
UNS3-2 20/10/70 36.04 35.95 1. 00
UN3-3 20/10/100 39.79 42.52 0.94
UN4-1 10/5/40 12.22 15.31 0.80
UN4-2 10/10/40 32.20 34.18 0.94
UN4-3 10/15/40 32.40 35.22 0.92
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Fig. 13 Comparison between simulated and test results
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