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ANCHORAGE OF BENT BAR IN REINFORCED
CONCRETE EXTERIOR JOINTS (PART 1)

By Minoru WAKABAYASHI, Koichi MINAMI,
Yasushi NISHIMURA and Nobuo IMANAKA

Synopsis
An experimental study is made to know the effect of anchorage location of the straight
vertical portion following the 90° bend on the reduction of load carrying capacity of exterior
joints. Experimental variable is length to the straight vertical portion following the 90° bend

from internal column face on top and bottom bar.
Main discussion is concentrated on the anchorage strength, failure mechanism, slip
behavior of bent bar and hysteretic characteristics under repeated loading. It is concluded
that the load carrying capacity of exterior joint is affected by location of the vertical bar in

exterior joint and the anchorage strength of bottom bar is smaller than that of top bar.
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Table 1 Mechanical Properties of Materials

Specimen

Variable

Section Reinforcement Concrete Steel bar

1(mm)

Column Beam

Column Beam Fc(g) Ft(g) Ft/Fc| ¢ a,(g) a.,(K?—) & (%)

Al

A2

A3

A Series

A4

A5

56

106

143.5

181

204.5

250X 180X
250 300

362  33.8 0.093 | D13 3842 5598 198

32 33.8 0.093 | D13 3692 5583 19.5

4‘6D13 2-D16 D16 3357 5015 19,9
p
@100 @100

6¢) 362 33.8 0.093 | D13 3772 5681 20.5

299 30.7 0.103 | D13 3772 5681 20.5

362 33.8 0.093 | D13 3787 5622 18.8

U Series
(s}
w

56

106

143.5

181

204.5

250x 180X
250 300

337 28.8 0.085 | D13 3835 5606 19.3

349 23.1 0.066 | D13 3843 5709 18.6

4-D13 2-D16 D16 3357 5015 19 5
6¢p
@100 @100

64 | 346 33.5 0.097 | D13 3772 5606 19.0

349 231 0.066 | D13 3772 5606 18.0

346 335 0.007 | D13 3772 5606 19.0
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Fig. 4 Overall Dimension of Exterior Joints in Experiment
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Fig. 7 Crack Observation of Exterior
Joints

Photo. 4 Specimen U3 after Test

Table 2 Test Results

Horizontal | Crack at Vertical - Diagonal Maximum | Ky

Specimen ;. Crack Bent Portion | Crack Tension* Crack| Load i o,,",,,(—)
- [ P@) R{rad.) i P(©) Read.)| P() R(rad.) P(®) R(rad.)| P(t) R(rad.) wcrﬁ

wl Al 0 — — 10.92 0.0020 | 0.57 0.026 | - — 10.96 0.00085, 1000
Z A2 162 0.010 | 1,50 0.030 '1.43 0.017 ' 1.60 0.0041 | 1.73 0.0066 | 1100
ZIA3  2.36 0.0041 ©2.90 0.010 2.29 0.020  2.68 0.0063'2.89 0.013 2600
©A4 3,30 0.049 3.68 0.010 3.48 0.020 3.40 0.0070 3.76 0.013 3497
<'A5 350 0.0056 3.80 0.012 -3.54 0.0026 3.70 0.0085 3.94 0.013 3327
g Ul 1 - - +1.43 0.0015; 1.16 0.0029 | — - 1.50 0. 00095‘ 800
=1 U2 0,30 0.000049 2.02 0.0041 | 4.00 0.0066 2.020.0041 | 1140
&.U3 2.02 0.0022 ;2.17 0.0029 | 2.26 0.0033 — - 2.44 0.0070 | 1840
U4 | 2.67 0.0034 | 2.85 0.0055 | 2.72 0.010 - — 2.85 0.0055 2020
= 1 U5 13.35 0.0070 |3.42 0.008212.61 0.019 | — - 3.42 0.0082, 3090
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Fig. 10 Load-Slip Relationships
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Fig. 14 Ratio of Bar Strength to Strength at the Critical Section
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