BER 757%

(AT —-1] HARSE SR $80% HT575, 447457, 20194E3A
J. Struct. Constr. Eng., AI]J, Vol. 84 No. 757, 447457, Mar., 2019
DOI http://doi.org/10.3130/aijs.84.447

TS = 70 AV b a2 A OIEFIAA N X 2 H27CAh 50

SEISMIC RETROFIT FOR BOLTED ANGLE CONNECTIONS
USING ADDITIONAL MEMBER ON THE LEG PLATE

T R E X EIIE
Shoichi KISHIKI, Natsumz KAJIMA and Keiichi SATSUKAWA

Retrofit with welding makes the construction impractical because it should pay attention to prevention of fire. In
this paper, fundamental experiments on a non-fire strengthening method for bolted angle brace connections were
carried out. The test results show that the additional bolted member increases the ultimate strength and its increment
strongly depends on distance between the 1st existing bolt and the 1st joint bolt. Moreover, it indicates that the
distance has to be 1.5 times or more of the width of the angle cross section in order to maximize the ultimate strength

of the connection.
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Table 1 Material properties of steel used for specimen
Oy Oy Y.R. &
Phase
[N/mmz] [N/mmz] [%0] [%]
LI 316 447 71 36
L75x6
I 309 434 71 24
$S400
L65x6 11 322 415 77 26
L90x7 I 325 455 72 24
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Table 2 List of test specimen and test results

details of test specimen test results & failure modes
: dxt & e P P, Yy Poax | Vmax .
hase specimen 6o ’ : failure mode observed after the tests
- s o] | " | from] | [oom] | fom) | gN] | (]| BN] | [
175 3 — 142 | 032 | 225 | 044 E
175 3 —30 -30 140 | 030 | 257 | 0.60 E
175 3 —30L 3 30 | 30 60 | 132 | 025 - = =
3 175 3 +30 75 % 6 +30 140 | 030 | 251 | 057 E
175 3 +90 @ +90 143 | 033 = - -
175 2 = 87 | -007 | 135 |-0.01 edge
175 2 +30 9 +30 | 30 60 143 | 033 | 252 | 057 | edge+E N
existing j
175 2 +90 +90 143 | 033 | 271 | 0.67 edge T3
175 3 - 142 | 032 | 20 | o4 E )l "!
175 3 —30L 3 30 | 30 60 | 137 | 028 | 268 | 0.65 E . # v
175 3 +90 B +90 146 | 035 | 293 | 078 J E - Hscemre Sitougl T e thtough
o | ms2 a) - 110 | 0.09 | 157 | 0.10 | bolt fracture the existing bolt hole the joint bolt hole
75 2 +30 : 30 |, o |137 | 028 | 255 | 059 E
175 2 +308 +30 161 | 045 | 260 | 0.61 E joint
175 2 +90 +90 163 | 047 | 299 | 0.81 J a \ existing
75 3 = 189 | 068 | 279 | 075 E
175 3 +60 556 60 | o 124 o7 | 2 | 097 EJ
175 3 +120 (@) i +120 206 | 0.80 | 345 | 1.09
75 3_+150 +150 198 | 074 | 342 | 1.07 J
o |63 = 153 | 059 | 243 | 087
165 3 +30 65x6| 3 +30 | 40 60 | 155 | 060 | 255 | 0.94 EJ
165 3 +120 +120 173 | 075 | 282 | 111 J
190 3 ~ 251 | 055 | 406 | 0.74 E
90 3 +35 90x7| 3 435 | 50 70 | 278 | 0.68 | 467 | 0.95 EJ EJ : fracture through edge fracture
T90_3 +140 +140 288 | 073 | 522 | 114 J the existing & joint bolt hole
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Fig.9 Relationships between force and deformation with comparison to no retrofit specimen
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Fig.12 Strain distribution around the bolt hole
at the several state(elastic, yielding, and ultimate)
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Fig.13 The maximum strain around the 1st bolt hole of both existing and joint
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Fig. 14 Effective length of leg plate obtained from the tests, and comparison with calculated results
(fracture through the existing bolt hole(O) or the joint bolt hole(@®), and result of FEM analysis (#))
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SEISMIC RETROFIT FOR BOLTED ANGLE CONNECTIONS
USING ADDITIONAL MEMBER ON THE LEG PLATE
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*1 Assoc. Prof, FIRST, IIR, Tokyo Institute of Technology, Dr.Eng.
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Seismic retrofit has been achieved for the buildings constructed before 1981, and its effects on the improvement to avoid collapse due to an
earthquake are reported in the past investigation. Public office, school buildings and gymnasium were retrofitted as priority to secure disaster
prevention base in the city. However, it is pointed out that the damaged commercial facility and factory lead to the terrible economic loss in
the 2011 Tohoku great earthquake. Although seismic retrofit is needed for factories with lack of seismic performance, the continuous operation
causes many temporal and spatial restriction. Especially, retrofit with welding makes the construction impractical because it should pay
attention to prevention of fire. Fundamental experimental study on a non-fire strengthening method for bolted angle brace connections were
addressed in this paper. In other words, monotonic loading tests were carried out to investigate the effects of the proposed retrofit method.
The proposed method in this paper is that the additional member is attached to the existing angle brace by new high strength bolts, the joint
bolts. First of all, the ultimate strength for the two expected failure modes was established to select the test parameters. The expected failure
mode I is fracture occurred not only at the existing bolt hole but also at the joint hole, and including the diagonal failure line from the existing
bolt hole to the joint bolt hole. The failure mode II is fracture occurred at the joint bolt hole only because the joint bolt is located far enough
from the existing bolt hole. It indicates that the position of the joint bolt from the existing bolt is an important parameter to determine the
failure mode of the retrofit method.

The test results showed that the additional member increases the ultimate strength of the existing bolted connection. The effects depend on
the position of the joint bolt and the ultimate strength increases according to the distance from the existing bolt to the joint bolt, the joint
distance x. And although the ductile crack was observed around the 1st existing bolt in specimen with short joint distance, the position of the
crack was changed to around the 1st joint bolt in specimen with wide joint distance. It indicates that the failure mode is changed to the
failure mode II. The increment of ultimate strength was nearly constant in the failure mode II, and it means that the retrofitted connection is
able to reach the maximum strength. Based on the test results with a scatter of material strength on cross section, it is found out that the joint
distance has to be 1.5 times or more of the width of the angle cross section in order to change the expected failure mode to mode II, and to

maximize the ultimate strength of the bolted connection.
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