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ABSTRACT Ultra-High-Performance Steel Fiber-Reinforced Concrete (SUPER Concrete) exhibits improved compressive and
tensile strengths far superior to those of conventional concrete. These characteristics can significantly reduce the cross sectional area
of the member and the anchorage strength of a headed bar is expected to be improved. In this study, the anchorage strengths of headed
bars with 4d}, or 6d, embedment length were evaluated by simulated exterior beam-column joint tests where the headed bars were
used as beam bars and the joints were cast of 120 or 180 MPa SUPER Concrete. In all specimens, the actual yield strengths of the
headed bars over 600 MPa were developed. Some headed bars were fractured due to the high anchorage capacity in SUPER
Concrete. Therefore, the headed bar with only 4d), embedment length in 120 MPa SUPER Concrete can develop a yield strength of
600 MPa which is the highest design yield strength permitted by the KCI design code. The previous model derived from tests with
normal concrete and the current design code underestimate the anchorage capacity of the headed bar anchored in SUPER Concrete.
Because the previous model and the current design code do not consider the effects of the high tensile strength of SUPER Concrete.
From a regression analysis assuming that the anchorage strength is proportional to (f,,)*, the model for predicting anchorage strength
of' headed bars in SUPER Concrete is developed. The average and coefficient of variation of the test-to-prediction values are 1.01 and

5%, respectively.
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Fig. 1 Headed bars as beam bars terminated within exterior
beam-column joints
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(a) Front view

Fig. 2 Test setup
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Table 1 Test Matrix
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Series Specimens dy Cso Lt BxHxL(mm) Transverse reinforcement
(Ko/dp)
£180 D22-L4-C1 22 1d, 4dy 366x118x700 )
D32-L4-Cl1 32 396x171x900
D22-L4-Cl1 1d, 366x118x700
D22-L4-C1.5 ’ 1.5d, 4d, 388x118x700 )
D22-L4-C1-Tr 1d, 366x118x700 2HD10@52 (2.5)
£120 D22-L6-C1 1dy 6d, 366x176x900 -
D32-L4-C1 1d, 396x171%x900
D32-L4-C1.5 0 1.5d, 4d, 428x171x900 )
D32-L4-C1-Tr 1d, 396x171x900 2HD13@64 (2.5)
D32-L6-C1 1d, 6d, 396x256x1200 -

Notations: B, H, and L are width, height, and length of specimens, respectively; d, is a bar diameter; /; is a anchorage
length; ¢, is clear side cover; and K, is transverse reinforcement index (=(404,)/(s,n), refer to clause 8.2 of KCI 2012).

Table 2 Mix proportion (unit: kg)

) Steel fiber
Series C Zr BS S F E SR P A\
19.5 mm |16.3 mm
120 769.9 57.7 134.7 846.9 231.0 57.7 7.7 17.7 209.0 78.0 0
f180 783.2 195.8 - 861.5 235.0 58.7 7.8 18.0 183.2 78.0 39.0

C: cement, Zr: zirconium, BS: blast furnace slag, S: sand, F: filler, E: expansion agent, SR: reduction agent of shrinkage

P: plasticizer, and W: water.
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(b) Confined specimen

Fig. 3 Details of specimens
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Fig. 4 Stress-strain relations of 120 SUPER Concrete

Table 3 Test results of concrete cylinders

Series dy E (MPa) | £ (MPa) | fr //Ff,
f120 129.9 44,217 36.55 3.21
f180 225.5 N.A 38.41 2.56

Table 4 Results of headed bars tensile tests

Series dp fy (MPa) | f; (MPa) | E; (MPa)
D22 679 774 196,607
f120
D32 649 765 196,230
D22 661 834 198,912
180
D32 667 708 199,556

(b) £120-D32-L4-C1-2

(c) Column face of
f120-D22-L4-C1-2

(d) Rupture of a bar

Fig. 5 Typical specimen failures
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Table 5 Test results and comparisons with existing models
and design codes

Specimen Failure | fue | oo | Jue | Jue
p mode | [MPa] | fu, |fuxer| far
f180-series
Y 853 | 1.32 | 2.70 | 0.53
D22-L4-C1-1 v 842 | 1.30 | 2.66 | 0.52
R 847 | 131 | 2.68 | 0.52
D22-L4-C1-2 % 826 | 1.28 | 2.61 | 0.51
% 728 | 1.13 | 230 | 0.45
D32-L4-Cl-1 SF 642 | 0.99 | 2.03 | 0.40
Y 742 | 1.15 | 235 | 0.46
D32-L4-C1-2 % 707 | 1.09 | 2.24 | 0.44
Avg. | 1.20 | 2.45 | 0.48
Stdv. | 0.12 | 0.25 | 0.05
COV | 0.10 | 0.10 | 0.10
f120-sereis
SF 678 | 138 | 2.83 | 0.71
D22-L4-C1-1 SF 662 | 135 | 2.76 | 0.69
711 | 145 | 2.96 | 0.74
D22-L4-C1-2 686 | 1.40 | 2.86 | 0.72
751 | 1.36 | 3.13 | 0.54
D22-L4-C1.5-1 699 | 1.27 | 291 | 0.51
D22-L4-C1.5-2 o e e Tos

693 | 1.26 | 2.89 | 0.50

D22-LA-CLTr1 735 | 115 [ 3.06 | 0.77

707 | L.11 | 295 | 0.74

D22-LACL.Tro 735 | 115 [ 3.06 | 0.77

703 | 1.10 | 2.93 | 0.73

750 | 1.34 | 2.08 | 0.74

D22-L6-Cl1-1 710 127 | 1.97 | 0.70
D2-L6-CI2 o i 200 (o7
DR-Li-CL1 o0 [ Tasn [0
D32-L4-C1-2 Zég 1:33 §j§2 85
D32-L4-C1.5-1 ;Té 33 ;:(9)2 8:241‘
it 728 | 132 | 3.03 | 0.53

714 | 1.30 | 2.98 | 0.52

D32-L4-C1-Tr1 738 | 1.16 | 3.08 | 0.77

710 | L.11 | 296 | 0.74

D32.LACL.Tro 732 | 115 [ 3.05 | 0.76

713 | 1.12 | 2.97 | 0.74

D32-L6-Cl1-1 723 | 129 | 2.01 | 0.72

708 | 1.27 | 1.97 | 0.70

D32-L6-C1-2 736 | 1.32 | 2.04 | 0.73

SR N e e e S B e A S A e S N e e N B A B P E A S

710 | 1.27 | 2.04 | 0.70

Avg. | 129 | 2.73 | 0.68

Stdv. | 0.11 | 0.42 | 0.10

COV | 0.08 | 0.16 | 0.14

Notations: P, is a measured maximum load; fz. is a
measured bar strength; Y means a test stopped after the
headed bar yields; R means a rupture of a headed bar;
and SF means a side-face blowout.
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Fig. 10 Anchorage strengths with varying concrete strengths
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