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Table 1 Outline of experiment
Anchor bar Steel tube (shear key)
Specimen W/C*1 W/C*2 . Embedded | Diameter | Length
No. o, o Nominal depth | (thickness) | (depth
%) | (%) name eptl (depth)
(mm) (mm) (mm)

S00-L00 90 40 2D10 100 (10d) - -
S15-L20 | 90 40 2D10 | 100(10d) [ 152 | 20(10)
S15-L40 90 40 2D10 100 (10d) 15(2) 40 (20)
S15-L60 | 90 40 2D10 | 100 (10d) | 1502 60 (30)
S15-L80 | 90 40 2D10 | 100(10d) | 152 | 80(40)
$20-L20 | 90 40 2D10 | 100(10d) | 2002) | 20(10)
S20-L40 | 90 40 2D10 | 100(10d) | 2002) | 40(20)
S20-L60 | 90 40 2D10 | 100(10d) | 2002 | 60(30)
S20-L.80 90 40 2D10 100 (10d) 20(2) 80 (40)
$30-L20 | 90 40 2D10 | 100(10d) | 30@2) | 20(10)
$30-L40 | 90 40 2D10 | 100(10d) | 302 | 40(20)
$30-L60 | 90 40 2D10 | 100(10d) | 302 | 60(30)
S30-L.80 90 40 2D10 100 (10d) 30(2) 80 (40)

[Notes] *1 : Water-cement ratio of existing mortar, *2 : Water-cement
ratio of reinforcing mortar, d : Nominal diameter of anchor bar.
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Table 2 Mix proportion of mortar

W/C s/ Unit weight (ke/m’) Target
(%) Cement (C)| Water (W)| Sand (S) flow
40 1.25 835 334 1,044 200£10
90 4.50 339 305 1,527

Table 3 Test results of used materials
(a) Mortar of W/C=40%

Age Curing Density Strength (MPa) Young's
(days) method ( g/cmB) Tension Com- modulus
pression (GPa)
28 Water 2.23 3.27 60.4 —
53 Seal up 2.19 2.41 49.1 253
62 Seal up 2.19 3.12 52.5 26.2
[Notes] Age=53 and 62 days : Ages of before and
after experiments, respectively.
(b) Mortar of W/C=90%
Age Curing Density Strength (MPa) Young's
(days) method (g/cm3) Tension Com- modulus
pression (GPa)
28 Water 2.21 1.18 19.7 —
60 Seal up 2.16 2.26 23.2 17.7
70 Seal up 2.17 2.30 24.1 18.3
[Notes] Age=60 and 70 days : Ages of before and
after experiments, respectively.
(c) Steel bars
Kind of | Nominal |Yeidpoint| |cnsie [ Youngs | Tensie
steel bar name (MPa) strength - modulus stram
(MPa) (GPa) (%)
Stirrup D6 412 491 189 17.3
Anchor D10 348 469 185 20.2
Main bar D13 349 487 192 21.6

[Unit : mm]

1300|609, 1609
D 6,300 o
Fig. 3 Pure shear loading apparatus
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Fig. 5 Analytical model
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S : Spacing of stirrup (=50mm).
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Fig. 6 Calculation methods of support
and bearing areas
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Deformations of steel tube and anchor bar
at final state
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(a) S00-L0O (b) S15-L20 (c) S20-L20 (d) S30-L20
Photo. 2 Final state of interface of placing joint (Embedded depth of steel tube=10mm)

(a) S15-L20 (b) S15-L40 (c) S15-L60 (d) S15-L80
Photo. 3 Final state of interface of placing joint"(Diameter of steel tube=15mm)
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(a) S30-L20 (b) S30-L40 (c) S30-L60 (d) S30-L80
Photo. 4 Final state of interface of placing joint (Diameter of steel tube=30mm)
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Table 4  Experimental results of placing joint
by outside seismic reinforcement
. Experiment Calculation
Specimen Qi Om Qic sOmc
No. 9, 0 Q0 | SO
0. () () (N) Qic/Qi (N) sQmc/Om

S00-L00 7.1 53.7 98.1 13.90 34.7 0.65
S15-L20 | 15.1 49.0 98.1 6.50 86.0 1.76
S15-L40 | 144 52.4 98.1 6.81 86.0 1.64
S15-L60 | 14.1 59.7 98.1 6.96 86.0 1.44
S15-L.80 | 13.0 62.2 98.1 7.53 86.0 1.38
S20-L20 | 183 484 98.1 5.37 153.0 3.16
S20-L40 | 14.6 63.4 98.1 6.73 153.0 2.41
S20-L60 | 15.2 65.9 98.1 6.46 153.0 2.32
S20-L80 | 12.2 63.1 98.1 8.06 153.0 2.42
S30-L20 | 22.7 69.6 98.1 4.32 344.2 4.95
S30-L40 | 20.3 71.6 98.1 4.82 344.2 4.81
S30-L60 | 20.1 72.7 98.1 4.89 344.2 4.73
S30-L80 | 21.2 83.8 98.1 4.62 344.2 4.11
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Fig. 9 Relationship between shear strength and
embedded depth of steel tube
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Fig. 10 Relationship between shear strength and
diameter of steel tube
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Table 5 Various predictions for shear strength of placing joint by outside seismic reinforcement

Experimental results Analytical results
Specimen FB
No. (%\In) (rf:;) (in(fn) (MPa) b?k';f)] bOmcl/Om b?g\g‘z bOme2 /Om b?kn;c).? bOmc3/QOm

S00-L00 | 53.7 14.70 30.0 122.2 12.3 0.23 18.8 0.35 40.6 0.76
S15-1.20 49.0 0.29 34.9 110.7 15.4 0.31 23.5 0.48 49.5 1.01
S15-L40 52.4 10.22 37.9 103.1 17.6 0.34 26.8 0.51 55.9 1.07
S15-L60 59.7 11.11 37.5 96.0 18.4 0.31 28.0 0.47 58.6 0.98
S15-1.80 62.2 9.60 38.5 94.9 19.1 0.31 29.0 0.47 60.4 0.97
S20-1.20 48.4 8.49 40.6 104.7 18.6 0.38 28.2 0.58 58.3 1.20
S20-1.40 63.4 10.55 37.0 90.9 19.0 0.30 28.9 0.46 60.6 0.96
S20-L60 65.9 10.55 40.2 83.8 21.9 0.33 333 0.51 68.9 1.05
S20-1.80 63.1 10.02 40.6 80.8 22.8 0.36 34.6 0.55 71.5 1.13
S30-L.20 | 69.6 8.11 40.7 93.3 20.4 0.29 30.9 0.44 63.9 0.92
S30-140 71.6 3.64 40.4 77.7 23.4 0.33 35.5 0.50 73.5 1.03
S30-L60 72.7 10.66 42.2 68.8 26.9 0.37 40.7 0.56 83.6 1.15
S30-1.80 83.8 10.51 41.5 64.4 27.9 0.33 42.2 0.50 87.0 1.04
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and measurement (Qm) of shear strength
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Fig. 13 Effect of diameter of steel tube on load-slip relationship
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ABSTRACT : In this study, the high performance anchor bar with the sectional area expanded by the steel tube was proposed
for the improvement of shear carrying capacity of the placing joint by outside seismic reinforcement, and the abilities of high
performance anchor bar were investigated.  In this experiment, three diameters of steel tube with the wall thickness of 2mm
(the diameters are 15, 20 and 30mm) and four lengths of steel tube (the lengths are 20, 40, 60 and 60mm) were selected as
shown in Table 1 and Fig. 2.  The specimen, the loading method and measurement method as shown in Figs. 1 and 4 were
used in this experiment. The results obtained by the experiments can be summarized as follows:

1) The uplift of the placing joint increases linearly with increasing the diameter of steel tube in the range under 20mm, but is
little affected by the diameter of steel tube in the range over 20mm, and increases slightly with increasing the embedded depth
of steel tube.

2) The shear strength of the placing joint reinforced by the high performance anchor bar increases linearly with the increase
of the diameter and embedded depth of the steel tube.

3) In the case that the shear strength of the placing joint by outside seismic reinforcement is determined by the bearing
strength of the existing mortar with lower strength as compared to the reinforcing mortar, the effects of the diameter and
embedded depth of the steel tube on the shear strength of the placing joint can be explained reasonably by using the analytical
model proposed in this study.

4) In order to improve the shear carrying capacity of the high performance anchor bar, it is necessary to use the steel tube
more than a certain embedded depth.

KEYWORDS : Outside seismic reinforcement, Concrete, Placing joint, Shear strength, High performance anchor bar, Steel tube
shear key, Bearing strength
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