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Stainless Steel (Sustainability):
• corrosion resistance
• ductility excellence
• low life cycle cost
• ease of maintenance
• aesthetic appearance

http://shbc0617.blog.163.com/blog/static/591779201422461714580/

Helix Bridge, Singapore
(Duplex stainless steel) 3
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Column

Fire and post-fire disaster 
in steel structures

Beam
Bolt

http://img.alibaba.com/photo/33
7838314/High_Rise_Steel_Stru
cture_Building.jpg

http://img.alibaba.com/photo/3
37838314/High_Rise_Steel_Str
ucture_Building.jpg

Research background

http://www.cenews.eu/wp-
content/uploads/b090213103.jp

Bolt connection commonly 
used in  steel structures

https://image.baidu.com/search/detail?z=0&ipn=d&word=%E5%A4%AE%
E8%A7%86%E5%A4%A7%E6%A5%BC%E7%81%AB&step_word=&hs
=0&pn=24&spn=0&di=103650849610&pi=&tn=baiduimagedetail&is=0%
2C0&istype=0&ie=utf-8&oe=utf-
8&cs=1042556575%2C1899763983&os=400367391%2C2641222231&sim
id=&adpicid=0&lpn=0&fm=&sme=&cg=&bdtype=0&simics=178527615
%2C1292675609&oriquery=&objurl=https%3A%2F%2Ftimgsa.baidu.com
%2Ftimg%3Fimage%26quality%3D80%26size%3Db10000_10000%26sec
%3D1504320691%26di%3D63d9238210e745499a38a10caae7b6df%26src
%3Dhttp%3A%2F%2Fdaily.cnnb.com.cn%2Fnbwb%2Fres%2F1%2F20090
211%2F90701234324099824.jpg&fromurl=ippr_z2C%24qAzdH3FAzdH3F
1wtsy_z%26e3Bvggk_z%26e3Bv54_z%26e3BvgAzdH3FgkokAzdH3Fip4s
AzdH3Fdaal-
adAzdH3F88AzdH3Fv5gpjgp_m8999_z%26e3Bip4&gsm=0&cardserver=1

Safe ?! 4



Research background

How about at post-fire condition?

Cold-formed stainless steel Label
EN 1.4301 (AISI 304) A

EN 1.4571 (AISI 316Ti) T
EN 1.4162 (AISI S32101) L

Over 400 tests together with 450 numerical results were
investigated for cold-formed stainless steel bolted
connection at elevated temperatures.
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Post-fire tests

Plate with one bolt hole

Design of connection plates
The spacing in the plate could generally satisfy the minimum
requirements from ASCE and AS/NZS specifications and Euro Code.

Two holes

Three holes7



Post-fire tests
Dimension of the connections (82 specimens)

Table to be continued

A-S-1-12
EN 1.4301

Single shear

One bolt hole

Bolt hole diameter
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Heating

Maintain

Post-fire tests

Cooling

Heating: Heating rate of 40-60 /min
Maintain: 5 ~ 10 minutes
Cooling: Switch off the furnace
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Typical temperature-time records of specimens 
cooled down from nominal high temperatures
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Post-fire tests
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Bolted connection test set up

Specimen

LVDTs

Pin end
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Post-fire tests
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Test results and analysis
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Load-displacement curves of connection specimens 
with and without post-fire conditions 13



Post-fire test results; e.g.: single shear of EN 1.4301 (Type A)

Test results and analysis
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Bearing failure mode of specimens with and 
without post-fire conditions, e.g., Series T-S-1-12

22 353 

654 952 

Test results and analysis
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Location of sampling

Polished samples for scanned 
electron microscope (SEM)

Test results and analysis

16



SEM images cold-formed stainless steel with and without 
post-fire conditions, e.g., Type T (EN 1.4571)

Unit: 50 μm

Test results and analysis
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Proposed design rules

Single shear
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• Structural behavior of cold-formed stainless steel
bolted connections at post-fire condition

• Three grades of stainless steel EN 1.4301 (AISI
304), EN 1.4571 (AISI 316Ti) and EN 1.4162
(AISI S32101).

• A total of 82 bolted connection tests;

• Single shear & double shear

Conclusions

22



• Specimens cooled down from 350, 650 and 950 ;

• Higher ultimate strength; cooled down from 350,
and 650 ;

Conclusions
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• Similar failure modes; with and without post-fire
condition

• Proposed equations; CFSS bolted connections
exposed to high temperatures up to 950 ;

Conclusions
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