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Abstract.

Eccentrically Braced Framed (EBF) seismic resisting systems are the most commonly used seismic resisting
system in New Zealand. They are designed for controlled damage in a severe earthquake, with the damage being
concentrated into specific elements of the frame, called Active Links, that ensure the frame and overall building
remain stable in a severe earthquake. After the earthquake, the building must be assessed to determine whether
replacement of any active links is required

1. Overview and scope

2. Determination of Post
Earthquake Capacity B e o i e B
(the detailed procedure) s s

Background.
= = This report 1s written for application to an Eccentrically Braced Framed (EBF) seismic resisting system which
3 G u Idel I nes On re Iacement Of has undergone inelastic demand in a severe earthquake. This EBF seismic resisting system may be one of a
[ number of seismic resisting systems in a particular butlding or it might be the only form of seismic resisting
system for that building
damaged active link, where
g 4 (Clifton, Bruneau et al. 2011). One of these, HSBC Tower, is shown in Figure 1: this picture was taken in the
= week following the most intense earthquake of the series, the earthquake of 22 February 2011
re q u I re d That event caused yielding of most of the active links in every EBF building in the Christchurch central business
district. Four examples are shown in Figure 2. These include two active links with yielding of the webs and no
local buckling, cracking or fracture, Figure 2 (a) and (d); one with yielding of the webs and local buckling of the
4 D - bottom flange at one end, Figure 2(b) and one which underwent web yielding and then fracture, Figure 2(c).
. Design example
-
5. Further research required

6. Acknowledgements and References

The 22 February 2011 earthquake of the 2010/2011 Christchurch earthquake series was the first worldwide to

push EBF systems into the inelastic range, with most systems in Christchurch displaying active link yielding

That raised the question of how to assess the post earthquake capacity of these yielded systems in order to

determine which links can be left in place, which must be replaced and in the latter case how to do that

This report provides that guidance, based on research undertaken since 2011. That research has also raised three
4 1

The 2010/2011 Christchurch earthquake series were the first earthquakes worldwide to push EBFs significantly
into the inelastic condition and impacted on a range of EBF buildings ranging from 2 to 22 storeys in height

The scope of this report is on EBFs. Figure 3 shows the two most common form of EBF bracing layout. On the
left is the K braced system, used when the ratio of frame width to storey height 1s close to 1. On the night is the
V braced system, used when the ratio of frame width to storey height is closer to 2.

Figure 4 shows the termunology for the active nk components, showing the connection of the braces to the
active links, the link/collector beam panel zone and the regions where shear studs can and cannot be placed. It
doesn’t show the mtermediate stiffeners, examples of which can be seen in Figure 5

Prior to the Christchurch earthquake series, the EBF member containing the active link was typically continuous
with the collector beam or beams and the brace was welded to these members. This made active link

replacement difficult. Since then, bolted active links have become the standard detail in EBFS which are built
integrally with the structural frame_ Figure 5 shows examples of both sorts used in buildings.

Page 1 of 28
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a) Specimen attached to the
actuator mounted on A-Frame

d) Photogrammetnc

immage capturing

v Cyclic tests at constant plastic
strain 3%, 7%, 15% and 20%
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Hardness readings (HRB)

Hardness from different plastic strain at

normalized link depths
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Table 1 Relationship Between Number of Cycles of Inelastic Action as a Proportion of the
Maximum Cycle (from Choi 2013)

Length of Strong Motion Over 30
Length of Strong Motion Under 30 Seconds Seconds
Proportion of Peak Proportion of Peak
N Cycle Plastic Shear N Cycle Plastic Shear
No of Cycles Strain ( OL) No of Cycles Strain (QL)
1 1.00 1 1.00
2 0.80 2 0.80
2 0.65 4 0.65
3 0.50 6 0.50
4 0.30 8 0.30

Cumulative Plastic Strain Demand = £ (NOY,,ax)
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o Effect of strain ageing of the shear deformed active link
on the future deformation capacity

- Project currently underway; completion Feb 2017

e Robustness of the cumulative plastic shear strain
limits
- Project currently underway; completion Feb 2017

e Influence of Charpy Impact Energy level on the
inelastic cyclic performance of a well designed and
detailed active link

- Field evidence is that we need both low CVN and poor
detailing to generate brittle fracture

— What is influence low CVN alone?
— Study planned for 2017
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Step 1: Initial post earthquake inspection

Step 2:

Step 3:

Step 4:

of the building and yielded links

Undertake hardness testing of
the EBF Active Link yielded webs
and of control surfaces

Determine change in mechanical

properties of the active links

Determine the peak plastic shear

strain based on the change in
hardness and the estimated
loading history
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Step 5: Estimate loading history and
cumulative plastic shear strain
demand

Step 6: Consider the change in Charpy
Impact Energy due to the plastic
shear strain demand

Step 7: Determine whether the active links
can be left in place or require
replacement

Step 8: Maintaining strength balance up the
frame when links at only some levels
require replacement

Step 9: Determine %New Building Standard
for each EBF frame and for the whole
building
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e) 15% plastic strain at maximum load f) 15% plastic strain at maximum load
c) 7% plastic strain at maximum load d) 7% plastic strain after load released g) Link 6, variable loading- h) Link 6, variable loading-
at maximum load after load released

v Digital Image Correlation (DIC) was used to verify the strain
demand achieved then compared with hardness results
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v' Cyclically strained specimens show a good correlation
between hardness and strain demand.

v’ Surface preparation greatly affect the hardness and it
has to be taken in the centre of the web

v Relationship between hardness and cyclic plastic strain
demand has been established
v Neither material softening nor hardening was significant

v Proposed method can be used as a guideline to identify
the amount of plastic strain demand and replacement
criteria.
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