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ABSTRACT

The fire resistance test has been conducted under the standard fire & loading conditions to evaluate fire resistance per-
formance, according to applying to methods of the lateral confinement reinforcement by prestressed Wire Rope and fire
resistance reinforcement by Fiber-Cocktail and load ratio for high strength concrete column. The test result, for 60 MPa
high-strength concrete column, It was indicated that applying to the wire rope has improved axia ductility in the fire con-
dition, and fire resistance performance has been enhanced by more than 23 %. In addition to this, in case of applying the
wire rope to 60 MPa high-strength concrete column, load can be judged that about 70 % of designed load is appropriate.
If the Wire Rope and Fiber-Cocktail is applied to 100 M Pa high-strength concrete column, It was shown that the fire resis-
tance performance was enhanced by 4 times as much as applying only hoops.

Keywords: Wire rope, Fire resistance, High strength concrete, Column, Load ratio
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O|2X A|AHS I E W FH2L 12310 24 3| Parameter Factor

o 93 ZaglES] Y W FAzo] 27 FHZL WX Laterd Tie Tie bar—Wire rope
Qo] 71 A Wstr e vjg- g&Fo 2 o]g= Fire resistance reinforcement Non¢sFiber-Cocktail
4 Atk T3 71Ee] AZEIE HAo) oF 2Rt L oad ratio 0.7<50.8 (60 MPa),
ol vlsl g7 olm 71291 B Eere] wA 7} 0.6<>0.7 (100 MPe)

Table 2. Mix Proportion of High Strength Concrete
Type WB | Sa | Air Unit weight of material (kg/m°) Ad_3 Fiber (kg/m°)

(W%) | (V%) | (W%) | w C |Sag| FFA | SF | S G | kagm) | PP | Sted
60MPa | Non | 262 | 460 | 20 | 165 | 572 | 163 | 82 0 | 639 | 759 | 819 0
Non | 262 | 460 | 20 | 165 | 572 | 163 | 82 0 | 639 | 759 | 819 0

0
0

100 MPa —
Fiber | 262 | 46.0 2.0 165 | 572 | 163 | 82 0 639 | 759 9.45 15 40
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Table 3. Physical Properties of High Strength Concrete

T Flow | Air content | Strength at
ype (mm) %) |28 days(MPa)
60 MPa | Non | 550 | 550 3.0 88.5
Non | 630 | 640 15 104.5
100 MPa —
Fiber | 670 | 690 18 112.0
Table 4. Physica Properties of Stedl
Latera Tie Type Spacing (mm)
Main HD25 250
Rebar -
Tie HD10 200
Wire Rope 76 43
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3.2.3 Fiber-Cocktail

ZHA7A2]  Fiber-Cocktail S Za|Z2g
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gt Felz2gd Ahe A7l s
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Table 5. Composition of Specimen

Latera tie

. Concrete (Tie bar& Wire rope)

Specimen strength - -

(MPa) Volumetric | Spacing

ratio (mm)

S1 Non-0.7 200

S2| WR-07 60 43

S3 WR-0.8 43
0.003

S4 Non-0.6 200

S5 | WR+FC™-0.6 100 43

S6 | WR+FC-0.7 43

WR’ : Wire Rope, FC : Fiber Cocktail
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Figure 1. Drawing of specimen.
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Figure 2. 1000 ton column furnace.

Table 6. Load and Load Ratio for Fire Test

Specimen | Design load (ton) | Test load (ton) | Load ratio
S1 789 552 0.7
S2 789 552 0.7
S3 789 631 0.8
S4 1229 737 0.6
S5 1229 737 0.6
S6 1229 860 0.7

A FYoM 2T FIZEL] s TS FEHY
5 A TaE FIYE 7|5 - B s #el7]
ool oJste] BEsA vAlstRAdA FE2] 25 (F
= i 538°C, Al 649°C 0|3} E 7|Fo = A3}
FARE 2 Age] A 715 FAE AA A5Ee] 485
< A5 7Pgste] AlstRelA Wsdse Hrtetal
- At WeHdse] H7P1E2 KS F 2257-1
A% FAL] Wsk Al -t o AR e wE &

&

k)

of

32

-

o

_]
YaF A8k FAle] A9 A Wy gl ol g,
FZFO)H HFEQ 7 7Es BT 2Hss o
Aeet A0 Zhpgitt, o]d] wet AAA|9 Fole B
T 3000mmz HEFF 7|5 30 mme]al HEFE 7|5
12 mm/mine|c},

4z (B

o h
W2 C=—

19 C=g5gmm @
= dC_ 3h .
W g Tr=20

SE 1000mm/mln 2
o714,

h: AlgAle] 271 2ol (mm)

4.1 60 MPag 1IZE Z32|E

411 3 AF

60 MPay 7= FAZE 7]5o diste] elolojzx
Ag 7 2 aksvlel wEk JskdEes A A5
Table 77+ #o] S1(Non-0.7) 146%, S-2(WR-0.7)=
1805 o)A}, S3(WR-0.8)% 164%-9] W3sidse g
T AE Aoz et S19 AS- Ysdes A
146%-c A WP 2 AP Eo] ZH2 —42.6 mm, —38.08 mmy/
ming Yepstor, S2¢ A9 ysdS TE53 1807
ol Wz 2 WMy Eo] zkz+ 0.1 mm, —0.05 mm/ming
UEbstth S39 A WsHdsS s 1652004 WY
2 2 W Fo] zHz} —34.4 mm, —29.05 mm/min®.& L}et
et

F g2o] AIFE I o8 60 MPag I ZIYE
7159 Af Fdatks =AM s AS A A5
A A S2AWR-0.7)7F S1(Non-0.7)l H13] 1.94)
FEoE YERED, WsdE 94 23% ol dEE
2o 2 Yehytt}, o] 60 MPag 4= Z3E 7|5l
SlojojRIZE Z23Fo 7N FEIA AstzAddA
g o] AR ST AXo] FEE A= A
e}, ofolojzx H G2 staHd uhet s e
2AAE A, WaAd s S3(WR-0.8)7F S-2(WR-0.7)°
Hla] 9% o] AslEo], 16452 W3S Frse
Aoz Yeh}, HxUsd el 180%2 W] £33
th. Wb 60 MPad 27 £ E 7]50) gfolojz

Table 7. Fire Resistance Performance by Displacement and
Rate of Displacement (60 MPa)

Time | Displacement Rate of Fire
Specimen (min) srzmm) displacement | resistance
(mm/min) (min)
60 15 0.03
S1 120 0.7 -0.02 146
(Non-0.7) - -
147 -42.6 —-38.08
60 23 0.02
S2
(WR'-07) 120 29 -0.02 180
180 01 -0.05
60 13 0.02
S3
(WR-08) 120 0.0 -0.06 164
165 -34.4 —29.05

WR': Wire Rope.
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Figure 3. Displacement of HSC column (60 MPa).
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Table 8. Main Rebar Temperature of HSC Column Depend
on Wire Rope and Load Ratio (60 MPa)

Specimen Time Rebar AVG Rebar MAX
(min) temp. (°C) temp. (°C)
60 224 245
S1
Nowo7) | 120 646 740
147 823 935
60 185 257
120 440 533
S2
ONR*-O. 7 147 559 662
165 636 737
180 696 795
60 255 303
S3
(WR-0.8) 120 541 612
165 771 861
WR’: Wire Rope,
S spA et =, A26d Aes, 2012'd

39 - 9% - DA
—ISO Fire -+-S1-AVG =+S2-AVG --S3-AVG
0 Furnace Fire =<-S1-MAX =S2-MAX --S3-MAX

TEMPERUTURE (T)

0 30 60 90 120 150 180
TIME (MIN)

Figure 4. Main rebar temperature of HSC column depend on
wire rope and load ratio (60 MPa).
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Table 9. Fire Resistance Performance by Displacement and
Rate of Displacement (100 MPa)
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Table 10. Main Rebar Temperature of HSC Column Depend
on Wire ropet+Fiber-Cocktail and Load Ratio (100 MPa)

Time | Displacement Rete of Fire
Specimen (min) SFzmm) displacement | resistance
(mm/min) (min)
44 -35.6 -30.83
S4
(Non-06) | 22 - - 3
180 - -
S5 60 22 0.03
(WR'+FC™| 120 38 -0.01 180
-06) | 180 37 ~0.03
S6 60 0.7 -0.02
(WR+FC | 120 -0.4 -0.05 180
-0.7) 180 -44 -0.14

WR’: Wire Rope, FC™: Fiber Cocktail.
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Figure 5. Displacement of HSC column (100 MPa).

Specimen Time | Rebar AVG Rebar MAX
(min) | temp. (°C) temp. (°C)
44 422 574
S4
(Non-0.6) 120 - -
180 - -
44 175 215
S5 60 272 328
(WR'+FC"-06) | 120 573 631
180 874 931
60 233 259
S6
Wrircon | 120 564 603
180 1043 1055

WR': Wire Rope, FC: Fiber Cocktail.
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Figure 6. Main rebar temperature of HSC column depend on
wire rope+Fiber-Cocktail and load ratio (100 MPa).

J. of Korean Ingtitute of Fire Sci. & Eng., Vol. 26, No. 6, 2012



70 A - Qg - A

329} Fiber-Cocktail-s 283024 S57} 60 MPas 3L
e FAE 753 vV E mEEE 245 S0
Hlal] g o] A= FEke] Ao FHdE o]
Zdo] gHH 0 Z AofH 7] WF o2 FAetE ), ool
2329} Fiber-Cocktail 2827114 slHlol] w& +3
9] eE2 BAg A3} SEWRHFC-0.6)°] 75 skl

=

ﬂJ

2 Yeton, S6(WR+FC-0.7)2] 7% B ¥ H1e
L& 717} 1043°C, 1055°CE Uebstth. Wskdd s £35
st 180494 S5= S60l Hlsl] Hd2=E 169°C, L
SEE 124°C7F B Ao g yEht) ol AAEES
10 % =A Alstgtel weh 37t e A E FH| #80]
Z7Ve7] Witoz wE, S69] A FE2e Lxvt
U2z AR FE7A] et A2 Yshd el ¢
A =SS ov]gi).

5 d &

60 MPaw, 100 MPag 27}%= 23 E 7]l st
Y5 RAFHEelolRz) 2 sk (Fiber-
Cocktail)?} 218 -7 3 3tzr]o & WsHdsS 7t
st7] 9t BESHA At sk Es A 4
I o 22 4ES =&

(1) 60MPas 2= £3E 759 A w2 ¢
efoloj2z A& we} WSS e A3, Fds}
= 294 FU#AEE S2(WR-0.7)7F S-1(Non-0.7)°
Hlg)] 1.9 o2 Jepar, WsHds 9Al 23% o
PdE= ASoZ YeRth o]& 60 MPag 270% &3]
E 7)50l efeloj2 g HE3to 2N nFsA| AlstzA
AN e WS JAH L FUF Aol FdEE A
o=z ydE)

(2) 60 MPag 27} £AZE 7|59 A5 9fojoj=x
Az starlel et Wk E-s AAlgt 23, o
35S S3WR-0.8)7F S-2(WR-0.7)°l ®l&] 9% o)A
AslElo], BRI 59l 1808 wHEakA] Halitt. ut
2 B AgolA A1E 60 MPad 1% ZIYE 7%
o efololZEE AE3F 79 T4 AT ol¢fd 8 U
SHdeS ShEat] faiMe F2AA Al Z1E Al A
g 35S A 70% o] HAsiva A
H}.

(3) 100 MPa 7= 3P E 7152 #AS wHEz ¢
ololo]Z 329} Fiber-Cocktail 28 f-5F-o w2} Wshad
< NS A3, FdskE 2N HuEEEE S5
(WR+FC-0.6)7} S-4(Non-0.6)°l Hla] 6.7M] o= 1
B, W2 41 o e Zo2 Yt
o]= 100 MPag I7tE FAIE 7]50 golojgzs
2§30 24 TS AlstINA R sige] oA
o S o] ddEE Zlo R AdH.

3k 42Hets] =8X], #2678 6%, 2012

01011

g - A9E - DA

(4) 100 MPaw 7%= ZAZE 7|59 745 gtoloj=
9} Fiber-Cocktail 28274 slsvlel g} Wik
g5 AAE A3, S5WRHFC-0.6)2F S-6WR+FC-0.7)
5 180 ol 4ol s sg WS o2 YElsth
s S69] 75 Wshd 3 FEAIRQ 180ilA 4.4
mme] WEo] BASIATE ol S1(-4.8 mm)Z S-3(-5.4
mm)2] 7-¢-2 Hlawshd W] Aol Eed e
2 gk, ofof] 2 Aol AFE 100 MPas 2=
ZAE 750 dJolojz s AL He 2 WsHds
< R3] fEiMe FRAA Al 7S FAlel AYE=
sl A2l 70 % lRre] AAgsitial dhekE

5 7|

B Ags AXAANR-e] st d=d7edTd
o] Y3kl = 7F R&DSI “(1252) 728 A7t
AT 2 AAZIEAT AL A7) KD 2
3 R EJen, ol ZAF=HUT

I
ror

kS

1. A. M. Budek, M. J. N. Priestley and C. O. Lee, “Seis
mic Design of Columns with High-Strength Wire and
Strand as Spira Reinforcement”, ACI Structural Journal,
Val. 99, No. 5, pp. 660-670 (2002).

2. K. D. Hertz, “Limits of Spaling of Fire-exposed Con-
crete’, Fire Safety Journal, pp. 103-116, pp. 103-116
(2003).

3. Y. Anderberg, “Spalling phenomena of HPC and OC”,
NIST Workshop on Fire Performance of High Strength
Concrete in Gaithersburg (1997).

4. Andrew H. Buchanan, “Structural Design for Fire
Safety”, John Wiley & Sons Ltd. (2002).

5. William D. Cdlister, Jr., “Materids Science and Engineer-
ing: An Introduction”, John Wiley & Sons, Inc. (2006).

6. John A. Purkiss, “Fire Saftey Engineering Design of
Structures’, Butterworth Heinemann (1996).

7. W. A. Morris, “Guideines for the Construction of Fire-
resisting Structural Elements’, Building Research Estab-
lishment Report (1998).

8. L. T. Phan, “High-strength Concrete at High Tempera-
ture: An Overview”, Proceedings of 6th International
Symposiumon Utilization of High Strength/High Perfor-
mance Concrete, Leipzig, Germany, pp. 501-518 (2002).

9. T. Harada, “Strength, Elasticity and Thermal Properties
of Concrete Subjected to Elevated Temperatures’, ACI
SP-34, V.1, pp. 393 (1972).

10. U. M. Jumpannen, “Effect of Strength on Fire Behav-
iour of Concrete’, Nordic Concrete Research, 34-45
(1989).

11. H. J. Kim, H. Y. Kim, K. H. Park, J. Y. Jung and K. H.



Sfoloj22E 2G5 AT AIZAYE 71T sty 2 el wE s sl #e A 71
Kwon, “An Experimenta study on Thermal Damage and Lee, “A Study on Fire Performance and Heat Transfer of
Spalling of Concrete Lining in Tunnel Fire”, Journa of HPC Column with Fiber-Cocktail in 1SO Fire under
Korea Indtitute of Fire Science and Engineering, Vol. 23, Loading Condition”, Journal of the Korea Concrete Insti-
No. 6, pp. 54-63 (2009). tute, Vol. 22, No. 1, pp. 29-39 (2010).

12. H. Y. Kim, H. J. Kim, H. K. Jeon, K. S. Youm and J. S.

J. of Korean Ingtitute of Fire Sci. & Eng., Vol. 26, No. 6, 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


