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Experimental study on punching shear capacity of slab-column
joints with partial use of ultra-high performance concrete

LI Chuang, ZHOU Yan

(School of Civil and Environmental Engineering, Changsha University of Science and Technology, Changsha 410114,
P. R. China)

Abstract: This study conducted through the tests of nine interior slab-column joint specimens with partial
utilization of ultra-high performance concrete (UHPC) under concentrated vertical loads to explore a new
method for enhancing the punching shear resistance of such joints. This test examined the impact of UHPC on

the performance and damage mechanisms of slab-column joints. The test parameters included the dimensions of
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the UHPC area as well as the volume fraction of steel fiber present in the UHPC. The test results indicated that
UHPC had the potential to substantially enhance the ductility and punching shear capacity of slab-column joints.
When UHPC was used locally in an area of one times the slab thickness from the column face, the ductility and
punching shear capacity for specimens with a fiber ratio of 0.8% increased by 126% and 64% , respectively,
compared to the specimens made entirely of normal concrete (NC). Therefore, the overall performance of the
UHPC and NC composite slab-column joints can be enhanced with the rational UHPC area and volume fraction
of steel fibers in practice. In this paper, the punching shear resistance of each specimen was estimated by three
different codes. It was found that all the code equations either overestimated or underestimated the punching
shear capacity within the UHPC region. Therefore, further research is necessary to explore the punching shear
capacity of UHPC slabs. The finite element software ABAQUS was used to establish the force analysis model
of specimens. The simulation results agree well with the experimental results. Based on this model, the effect of
different UHPC area on the punching shear capacity of the specimens was further investigated. Finally, an
empirical formula for estimating the punching shear capacity of UHPC - NC composite slab-column joints is
proposed. The predicted values obtained from this formula show good agreement with the numerical results.

Keywords: ultra-high performance concrete; slab-column joint; punching shear capacity; experimental study;

finite element model
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Table 1 Specimen number and parameters
P4 UHPC [X 15 AT R RUE IR/ Y 25
%
UNS2-0.8 450 mm X 450 mm 0.8
UNS3-0. 8 600 mm X 600 mm 0.8 B2 MEHRERHERBAEE
UNS4-0. 8 750 mm X 750 mm 0.8 Fig.2 Partial sample drawing of reinforcement strain
US5-0. 8 1500 mm X 1500 mm 0.8 gage arrangement
UNS2-1.6 450 mm X450 mm 1.6
UNS3-1.6 600 mm > 600 mm 1.6
UNS4-1.6 750 mm X 750 mm 1.6 h/:I"Sh/Zhl Ih/:LSh/2h
US5-1.6 1500 mm X 1500 mm 1.6
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Fig.1 Reinforcement strain gage arrangement and A-A

Sections
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Fig.4 Specimen pouring process
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Table 2 Concrete mechanical properties test results

T BE 285 PUIRSR L £,/ MPa PSR £/ MPa
€30 31.8

UHPC-0. 8 133.0 5.6

UHPC-1. 6 141.5 9.6

A A 2 R A 12 mom (9 8 A5, [R] B 950 R 3 AR
(i) St 2 F) 9 7517, 09 917 1) b P 9 2R B 5 3 TS
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Table 3 Reinforcing steel mechanical properties test

results
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Table 4 Specimen damage information

eI WORBERE /mm WEIRAT /KN
NS1 8.75 312.0
UNS2-0.8 19.78 510.9
UNS3-0.8 20.10 519.6
UNS4-0.8 22.99 538.9
US5-0. 8 12.75 645.7
UNS2-1.6 10. 85 482.4
UNS3-1.6 22.13 548.1
UNS4-1.6 22.05 585.4
US5-1.6 10. 13 761.5
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Fig.7 Specimen damage to the bottom of the slab crack diagram
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Fig.8 Load-center displacement curves for each specimen
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Table.5 Effect of steel fiber content on the properties of

specimens

UHPCi1  #£F4is  WORSEE/  @URfra/  wiinnieEE/

K/mm ®/% mm kN (kN/mm)
450 0.8 19.78 510.9 132.67
450 1.6 10. 85 482. 4 146.92
600 0.8 20. 10 519.6 162. 14
600 1.6 22.13 548.1 185. 30
750 0.8 22.99 538.9 206. 64
750 1.6 22.05 585.4 214.00
1500 0.8 12.75 645.7 230.07
1500 1.6 10. 13 761.5 244.85
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Fig.9 Vertical displacement curves of the slab surface
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Fig.10 Strain distribution of reinforcement in specimen
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Fig.11 Schematic diagram of punching control section
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Fig.12 Bar chart of test values and calculated values for

specimens
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Table 6 Calculation results of punching shear capacity of slab-column joint for various national codes

B R /KN LA L/KN P i 2/kN
ACI318-19 GB20010-2010  EN1992-1-1-2004 ACI318-19 GB20010-2010  EN1992-1-1-2004

NS1 312 227 175 316
UNS2-0. 8 511 511 527 316 246 368 438
UNS3-0. 8 520 511 527 316 310 430 499
UNS4-0. 8 539 511 527 316 374 478
US5-0.8 646 511 527 711
UNS2-1.6 482 527 903 316 246 368 438
UNS3-1.6 548 527 903 316 310 430 499
UNS4-1.6 585 527 903 316 374 478
US5-1.6 762 527 903 733
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Table 7 Statistical parameters for the ratio of calculated

code provisions to experimental values

EREmEA A PR fRifE R

A B kW % RN

a 0.91 0.13 0.141

HA W FEH#®ml b 1.23 0.40 0.326
¢ 0.69 0.17 0.248

a 0.56 0.09 0.157

HA FEH#®m2 b 0.80 0.09 0.115
c 0.8 0.16 0.182

a 0.74 0.04 0.056

4 UHPC/NC i & #E 1 b 0.85 0.26 0.299

c 1.03 0.06 0.056
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Fig.13 Schematic diagram of finite element model and

meshing
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Fig.15 Tensile damage stress cloud of some specimens
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Fig.16 Finite element simulation results for each specimen
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Table 8 Summary of numerical simulation results for test Table 9 Simulation results for each specimen in different
specimens UHPC areas
" B AT L5 R /KN = B AT 25 R /KN
A4 Prpp/ Py UHPC FEFE 1 9 2 - -
Py Prpa WAL 0.8%  MAHBE1.6%
NS1 312.0 277.7 0.89 2.5h 546.0 614.4
UNS2-0. 8 510.9 475.9 0.93 3.0h 581.9 661.9
UNS3-0. 8 519.6 494.6 0.95 3.5h 603. 8 688. 6
UNS4-0. 8 538.9 527.8 0.98 4.0h 623.6 731.0
US5-0.8 645.7 643. 1 1.00 . 4
UNS3-1.6 548. 1 540. 2 0.99 B, 58 2l H NC il iy bt w47y 277. 7 kN,
UNS-1.6 585.4 574.9 0.98 5¢ 4 (i 1 UHPC i 76 40 2F 4 (kB3 4540 51 8
US5-1.6 761.5 749.8 0.98 0.8% F 1.6% Hﬂ’ﬂ‘]*ﬁ{ﬂ—"ﬁ]gﬁﬁj}ﬁ%”ﬂ{l 643. 1.
S fi 0.98 e - L
- o 749.8 kN, X F UHPC-NC 41 &3k {1, P o b1 &
i 1 22 .05
- . AT i UHPC XA NC X383 6] 5T

M QA AT T, B T 7 B0 R E , UHPC-
NC H A F i 222 R . e 3 A 4T b 1)
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Fig.17 Parameter k fitted graph
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Table 10 Calculated results for each specimen with different UHPC areas
W //mm a/mm HIHE/RN V/Viern  Vowrene/ Viea
Viga Vunre Ve \%4 Vunpe-Ne

UNS2-0. 8 1500 450 475.9 194. 4 192.9 387.3 455.1 0.81 0.96
UNS3-0. 8 1500 600 494.6 166. 6 257.2 423.9 490.1 0.86 0.99
UNS4-0. 8 1500 750 527.8 138.9 321.6 460. 4 521.2 0.87 0.99
UNS5-0. 8 1500 900 546.0 111.1 385.9 496.9 549.5 0.91 1.01
UNS6-0. 8 1500 1050 581.9 83.3 450. 2 533.5 575.5 0.92 0.99
UNS7-0. 8 1500 1200 603.8 55.5 514.5 570.0 599.5 0.94 0.99
UNSS-0. 8 1500 1350 623.6 27.8 578.8 606. 6 622.0 0.97 1.00
UNS2-1.6 1500 450 519.4 194.4 224.9 419.3 498. 3 0.81 0.96
UNS3-1.6 1500 600 540. 2 166. 6 299.9 466.5 543.7 0.86 1.01
UNS4-1.6 1500 750 574.9 138.9 374.9 513.8 584.7 0.89 1.02
UNS5-1. 6 1500 900 614.4 111.1 449.9 561.0 622.2 0.91 1.01
UNS6-1. 6 1500 1050 661.9 83.3 524.9 608. 2 657.1 0.92 0.99
UNS7-1.6 1500 1200 688. 6 55.5 599.8 655. 4 689.8 0.95 1.00
UNSS8-1.6 1500 1350 731.0 27.8 674.8 702.6 720.6 0.96 0.99

SEI{E 0.90 0.99

bR 22 0.05 0.02
A 5 AR 0.06 0.02
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Fig.18 Comparison of calculation results and finite

element results
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