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NIPUN LOEDPATTANAPAN: STRENGTH INTERACTION CURVES OF CONCRETE-
ENCASED STEEL COLUMNS AT ELEVATED TEMPERATURES. ADVISOR: ASSOC.
PROF. AKHRAWAT LENWARI, Ph.D., 87 pp.

This research presents the finite element analysis of concrete-encased steel
columns subjected to concentric and eccentric loadings at elevated temperatures. The
research first developed the finite element model for analyzing the temperature
distribution in the concrete-encased steel columns at elevated temperatures. The
results were validated with previous test data. Then, the finite element models of
heated columns subjected to both concentric and eccentric loadings were
developed. The finite element models were validated with previous test data and
then used to construct the interaction curves of concrete-encased steel columns at
elevated temperatures. The effects of the period of fire exposure, side exposure
condition and concrete covering thickness on the strength interaction curves of
concrete-encased steel columns at elevated temperatures were studied. The analysis
results showed that when concrete covering thickness was decreased or the period of
fire exposure was increased, the heat penetrated the column faster and consequently
decreased the strength of concrete-encased steel columns. Moreover, it was found
that side exposure condition also influenced the strength of concrete-encased steel
columns. If the number of side exposure condition was reduced the strength of

concrete-encased steel column increased.
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test
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FEA

Colum | Kk, Restraint ; ﬁ1 to |t |t )
n (MN/m) beam (MN/m) (min) | (min) | (min) :“
RCCO1 | 304.17 - 0.00 0.0000 | 414 | 389 |431 1.04
RCC02 | 304.17 W8x8x5.25x | 30.61 0.1006 | 417 | 332 | 381 0.91
27
RCCO3 | 304.17 UC203x203x | 27.95 0.0919 | 422 334 384 | 091
60
RCCO4 | 304.17 W10x10x10x | 52.45 0.1724 | 366 | 304 | 352 | 0.96
88.9
Mea | 0.96
n
COV | 0.06
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Column | Column | Profile steel Factored | Test Load | Load Fire
size dimensions resistance | load ratio eccentricity | resistance
(mm) (mm) (Pr)(kN) (PHKN) | (Pt/Pr) | (2e/h) (min)
FR4S38 | 350x350 | 200x150x6x9 1756 1500 0.85 0.3 30
FRAS64 | 350x350 | 200x150x6x9 1438 610 0.42 0.6 70
FRAS06 | 300x300 | 175x175x7.5x11 | 2110 3460 0.61 0.0 54
FR3S35 | 350x250 | 200x150x6x9 1756 1232 0.50 0.3 141
FR3S37 | 350x250 | 200x150x6x9 1756 878 0.70 0.3 56
FR3S65 | 350x250 | 200x150x6x9 1438 719 0.50 0.6 89
FR3S67 | 350x250 | 200x150x6x9 1438 1006 0.70 0.6 25
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Test Restraint Test period FE period FEperiod/Testperiod
condition (min) (min)
RCCO2 Restrained a17 367 0.88
RCCO3 Restrained 422 368 0.87
RCCO4 Restrained 366 376 1.03
RCCO1 Unrestrained 414 372 0.90
SZCC02 Unrestrained 229 232 1.01
Mean 0.94
cov 0.081
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unN 3

nsaeszinMInszeaamainielunindaEmaniudssasunie

maleszeamgiinglunindaamaniumensuninaginnsangaumgiluaniie
%3ﬂ§LLUU1§L%QL§u 3 §1# (3-D nonlinear transient thermal analysis) Li8a91nn153uA5129%
seliludiedimud 3 77 sglnalndifssiuanuduais Taemswnlnluanimuiadenaia
msnszaegamgiineglualiliinfusasnainuenian lasfiduuuuazarswonanagly
gaugiifiainindrunataveaian Tnsuvusiasslludiodiuud (finite element model)
Indudeamsuguandfidanudouveaannaniusiienaunina (thermal properties) vl
99NWUY (design fire) dmTuTiAs1gigangl aun15AIUANEIMSUTATIEY (governing
equation) warAsn1sadrsuvudrasdlludiediuud onsiieszvinisnszansgumgd

DY < v v o 2 a = &
melumihdAnaraniuaisnounIn feiuieseasidunluuni
3.1 AuENUANANTOUVDIABUNIA

AaNURBRLTouTRtARUNIRUNG AruUsHumNsinveunaTItLazaungll Lag
anusanusiinvesnasindu 2 nquldun mammﬁmﬁlu uay wasnileant dwsums
Ainseitardrsdenmantiidauiourenouninainuinggiu EN1994-1-2 (91 Téun
An1NN15UIAIUTOU (thermal conductivity) A21u59UINNWIE (specific heat) LazAIIY

N (density)

anmnisiiAuseuvesnsunInundlalildrreglugisdndaiauu (upper limit)

wazdndningns (lower limit) lutisgaumgisening 20-1200°C lnefinuaeduy W/mK i

aun1sil (3.1) uaz (3.2) lnemufiuinsgiuiuzdl veuwauulddmiulassasiamaniueiiy
ApuN3A(composite structural elements) lngn15uirAINSoUvDIRDUNTANTTaE LT UL

Iadrinunlulusunsy ANSYS [5, 6] fauansluguil 3-1
A :2—0.2451(@/100)+o.01o7(t9c/1oo)2 (3.1)
A =1.3—0.136(6’6/100)+O.0057(6’C/1OO)2 (3.2)
Toodl A e anmiaudouvesaeunin (w/mK)

0 fe guvniivesaeunin (°C)
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JUT 3-1 anmnsthanudeuvesnsuniniildasdugiadadidauululusunsy ANSYS [5, 6]

AuTeudmztasunInUnAvzLUsHunuANTUluRBUNTALa QUMY

1%
Y =)

Lﬁaﬂmﬂlmmagamm%umﬂmﬁ‘m AU '«Namﬁ

limaunInagluaniizuis (AIUTU 0%)

Tugrsgamnd 20-1200°C Tnafiniiedu JfkeK Feazlinanisinsziduangaeusng fe

aunsi (3.3-3.6) Ingaudousinnzaesneuniailalulusunsy ANSYS [5, 6] Aananslugy

fl 3-2

C_=900

c. =900+ (6 —100)

c. =1000+(6. —200) /2
C_=1100

lnedl 0 o sumglivesaeunin

dmsu 20 <@ <100 C
dmsu 100 ¢ <6 <200 C
dmiu 200 <6 <400 C

dmsu 400 ¢ <6 <1200 C

(3.3)

(3.4)

(3.5)

(3.6)
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MRTERIZLS C PREVIEW AN SYS

R15.0

JUN 23 2016

22:56:28
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1040

1235 ars €23 B75 1125
TEMP

gﬂﬁ 3-2 AnuSeus Iz esnaunSATdlulUTLNTI ANSYS [5, 6]

ANUUILLLTasRsunInugniiatsanlliuegivoumgivesneunin Fer1Adny

oA e 1 = 1 <)
nuuduiiaassioluil Tnedivieduy kg/m

L. = 2300 (3.7)

va a 1% < < a
3.2 AMANUALYIAINTDUY aamangﬂwssm LLaSkants Il
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(3.16)
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2 + 2 + 2 =
Ox 8)/ Oz PrCpm Ot

(3.17)

loedt T Aeguvgivesdaniia t uas /C ARANINLNIAI1UTBU(thermal
m~ p,m
diffusivity)
l = ] ¥ = ! .
_feanmiauieu P, Aeauviuiuiu(density)
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3.6.1 WNaN1INAFUVDY Huang wazaade [11]
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RANGE II:
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A519% 4.1 AUFUNUSTEIINIMUIBUT LAY AINULASIATDIABUNTA

Concrete b Lo €.p° 10’
Temperature 5/ £

0 0 NC LC NC
20 1.00 1.00 2.5
100 1.00 1.00 4.0
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500 0.60 0.76 15.0
600 0.45 0.64 25.0
700 0.30 0.52 25.0
800 0.15 0.40 25.0
900 0.08 0.28 25.0
1000 0.04 0.16 25.0
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