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Detailed examination on steel strain rate for steel structures subjected to fire
and developments of upgrading of fire resistant design

Ozaki, Fuminobu
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The bending strength, flexural buckling strength, and collapse temperature
of steel members were examined by steady and transient state tests with various heating and
deformation rates to clarify relationships between those fire resistance and steel strain rate. The
stress-strain relationships for mild steels at elevated temperatures were obtained by coupon tests
under three strain rates. A bending test using a beam specimen was conducted to examine the effects
of the deformation rates under steady-state conditions and the heating rates under transient state
conditions. Flexural buckling tests were conducted under steady-state and transient-state
conditions. It was clarified that the bending strength and collapse temperature are evaluated by the

full plastic moment using the effective strength under fast strain rates. The flexural buckling
strength and collapse temperature are approximately evaluated by the buckling strength using 0.
002-offset yield strength under a slow strain rate.



oooogooooon
gobobooooboooboboooobooobboobobooobooobobooboboo

0000000000000 é(=de/dyooooDoO0ODOO0000e00 DOOO0OO00O0OD
000000000000 0000000000@O00)I0000000000000000
0@O00000)0000000000000000000000000000000000
0000000000000000000000000000000000000000000
000000000000 000000000000000000000000000000

gogno
oooogoon
goobobooboobooboboboobooboobuooboboboobooboobon

gbooboobobooboobuooboboboobooboobobobobooboon
gboobooboboobooboobobboobooboobobboobooboobo
gboobooboboobooboobobboobooboobobboobooboobo
Jistoogoogoooooooboooboobobboobooboobooooboooboooo

gbooboobobooboobobobobooboon
oooogoon
cooooooobooOoooooOooooobOobbooboobbOoobOoOobDobo

oboobooboooooooooooooooooooooooooooooooooonDo
oboobooboooooooooooooooooooooooooooooooooonDo
oboobooboooooooooooooooooooooooooooooooooonDo
oboobooboooooooooooooooooooooooooooooooooonDo
oboobooboooooooooooooooooooooooooooooooooonDo
oboooooooboooooooooooog

goooboon
ugbooooooaoo

01040000000¢000000D0000O0O(GN400B) DO O Oe=030/mnOO000O
OO000O00DbO000O00DOO0OO0U0bDOD 40000000e=030/mnOO0OOO
0000000000000 0000000000000Y0000000000000
gboboboobooboooooooooooosocbobobobobobobobobo
uobobobbUble,000D0DO0O0s UDDDDOOOODDODOOOOOoonoonDnOgn
uoboboboooooboboooobooboboooboboboooobobobooooooboooo
ubbooboobobooboboobooboboobooboboobooobrobbodibed
gO0o00o0ob0eOO0OO0OOOOOOOOOOOOOODOODODOODMUuObOObOOOO

oed =0, (¥ ) (D)
000
0, 00000 ¢ = 0003 [1/min]0 00000
£,:000 000 0 (= 0.003[1/min])



500 200°C
as0
a00 h— __400C_
_3%0 S i
£ 300 === 5|
%zsc - — _S00T
£ 82 —~ %
¥ o ,T/- ! d 600
100 700°CY 700°C
5 s00C °g [* §00°C
] 002 0.04 0.06 0.08 002 00 0.08 0.08 o1
Strain Strain
1 Wik 5 |RatB(e =0.003[1/min]) 2 ERi#ek e | 9RRER(E =0.03[1/min]) 23 ik sRatEE(e =0.075]1/min])

= .
1 A N
700C B
$00C N
$00C Ny
B4 TR A IREABR O A E(¢ =0.003[1/min]) BS  [E{RLSH(0.2%0ffset it 1) Eo BlikimE

Oooooob&guo30/mnOilDO0000O0O0DOODe, 0O0DOOOOOODOO
030/mn D0 000DO0OO0O0O0DOODODOO0 <, O00DOoOonoboooDn
Oobobo0ode,0ibobooooooobooboo0ooboobobobbte, 00O @~ O

oood
e<ey: o0,=Ee (2)

&y <ES &g 0y =0y (3)

agk — ek
Egp < ES Qg Oy =0y — (Uu - Uy) k _ ok )

g, — &t
we, <& 0y =0y — (020 — 0) [ ot 5)
ag, — &9

o000
EE0000, 0,:0000(0200ffst00), 0, 0000,

e, 00000 (0, /E), &: 00000000, e:0000,

000 000 20%0 00, ey 20%0 000

kO 00000000000, «:0000000000000000000

= . N
N ‘\‘i'/k
B7 —Hie X 8 RS T Od R B9 OFHELcMT 555k X 10 OFHELICET %%
\ = {2
N A Lo
. - .
-,
B O 20%RE)) @12 ROl L O REEICE T 25 B 13 U4 AEEEC T 285 A— % m

0501200000000000E,oay,0y,&,n,k0 03%/mn00000000 TOOO
Uald 0 12000000000000000sO0000000DO0O00OO0O0DODO0ODOOO
0000000000 EQANDODOOODODOOO®O000000

(WOODDOOOODDO0O000 mM2000000000

m=mgy+ms [1 —exp (— (%)ml)] (6)



oooo

me = 0.0103,m; = 5.5,m, = 587, m; = 0.169
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