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ABSTRACT

Probability Analysis of Column Shortening for

Tall Buildings with Concrete Filled Tube Columns

Jang, Seung-Woo
Dept. of Oceanic Architectural Engineering

Graduate School, Korea Maritime University

The prediction of Concrete Filled in steel Tube(CFT) column shortening,
causing serviceability problem and additional stresses in horizontal structural
members, 1s of fundamental importance.

According to the available study and experimental data about the long
term behavior of CFT columns, the creep and shrinkage of concrete in CFT
columns are smaller than those of RC columns because of the confinement
effect of outer steel columns.

In this study, the uncertainties associated with assumed values for
concrete properties such as strength, creep coefficients, and load have been
considered and analyzed for the prediction of time-dependent column
shortening of CFT column.

The CFT column shortening analysis using Monte Carlo method is
proposed and an example of a 37 story tall building with CFT columns is
studied for illustration.

The results in this research are an follows:

- vii -



1. CFT column shortening can be analyzed with 60% of creep coefficient
and 10% of shrinkage coefficient of inner concrete. And the total Shortening
of CFT column consists of 74% elastic, 23% creep, and 3% shrinkage

shortening.

2. According to the results obtained by the stochastic approach with 20%
of concrete strength, 50% of creep coefficient, and 20% of load, the variation
coefficient of total shortening is 0.27% for concrete strength, 1.07% for

creep, and 2.30% for load, respectively.

3. According to the results obtained by the probability analysis with multi
parameter, the effect of variation coefficient for load is the largest. In order
to correct prediction of CEFT column shortening, characteristics of the load

variation should be applied.
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312 HlEtY HAE
D Az S22
AgzE ZAYET} FAF ALHoR dFS B o WA= AFPow
A 71z zet dxagzrt vk VEAYZE SR HE A 2
T AoRA F9 B4 ojud FRY o]FE e u WA} LYz s 9
gtk W A x A Ze dtgs We RS FHSA A FRusel 9
& wAste AoRA Ast 7w JFS Mk 2] 36ac SHEEA o]
H, 4 36bs SHEEA o] Fo] AYZ FA4TFS YEHI Zlojth
ALTTO=3(P/A,) X C, < CR, X hX CR, X CR,;, X CRy < CR,, (3.6a)
AZHPTO=3(P/A,) < C, < (1— CR,)*<h X CR,, X CR,, X CRy; < CR,.  (3.6b)
tO'G
CR:W (3.7)
CR, =2.3(t,) ** (3.8)
on, - L o
CRyy = 1.0 (RH < 40) (3.10)
=1.40—0.01xXRH  (RH=> 40)
CR, =1—exp|—pxn, X C, <X CR, < CR, X E,/(1+pxn)] (3.11)
/I(C, < CR, < CR,,)*xE,>p|
o] 7] A]
P Agets
A, A FEH V)T MEdwE A
G, 5S4z AF



2 ze] @ AA F2Be HBEA oA B oo F T3} 2

ow v A 3129 &t

App =AZLTO 4 N5TPT0 (3.12)

e
ol
o
ol\
)
i
=
=
AL
)
OJO(:“,
A
ol
N

AS[{I}DTOZ Eeshu XS}[f XS'HI/§ XSHRHXSIJW ><h (3133)

AGPTO="Y e < (1= SH,) X SH, X SHyyy X SH,, X h (3.13b)
SH, 2

L35+, (3.14)
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~0.00146 (v/s)+0.944

S8, = 0.00697 (v/s)+0.734 (3.15)
SHpy = 1.0 (RH < 40) (3.16)
=1.40—0.01 X RH (40 < RH< 80)
=3.00—0.03<xRH (80 < RH)
SH,, =1—exp[—pxn, X C, X CR, X CR,; X E,/(1+pxn,)| (3.17)
/I(C, < CR, < CR,,) < E,>pl
o] 71 A1

Azass: F49Y A4 492 Sl Eed ojda g ofFo digh &3

il

A =N+ A5 (3.18)
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(3.19)

(az;+ c¢)(modm)

Tit1 =

modulus me. =2

1 A ar;,+cE

9]

g 9

°]

(3.20)

ax; +c
( )
m

k; =Int

3199 x,,,& th&w o]

A
A

(3.21)

T =ax;+c— mk;
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342 A =ZAHF

H 3.4 JelTA=2 HSH=0 e ool [24]

Jlg A= HEH = AX FelZe HESH =+
Test data w Test data W

1. Keeton 37.5 | 1. Hansen and Mattock 32.1
2. Kommendant 31.8 | 2. Keeton 46.3
3. L'Hermite et al. 133.4] 3. Troxell et al. 33.0
4. Rostasy et al. 47.6 | 4. L'Hermite et al. 55.8
5. troxell et al. 13.9 | 5. Rostasy et al. 20.9
6. York et al. 37.7 | 6. York et al. 42 1
7. McDonald 48.4 | 7. Mcdonald 40.4
8. Maity and Meyers 30.0 | 8. Hummel 46.2
9. Mossiossian and Gamble 51.5 | 9. L'Hermite and Mamillan 62.5
10. Hassen and Harboe et al. | 51.2 | 10. Mossiossian and Gamble |71.7

(Ross Dam) 11. Maity and Meyer 45.9
11. Browne et al. 47.3 | 12. Russel and Burg 41.2

(Wylfa vessel) (Water Tower Place)

12. Hansen and Harboe et al. [107.8
(Shasta Dam)
13. Brooks and Wainwright 14.9
14. Pirtz (Dworshak Dam) 58.2
15. Hansen and Harboe et al. | 70.2
(Canyon ferry Dam)

16. Russel and Burg 19.3
(Water Tower Place)
17. Hanson 63.3
Wall 58.1 Wall 46.8
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4. M Ad= CFT 7|9 ZHEXN Yol o5 aff A

4.1 M= LA

o

4.1.1 A= HQ

Hz2 A-d=EYY o] A2 dAMeE F 4179 2o RC Core+CFT 7%
TZE Ho] glon 37F9 AZo| AW A4 &% Wi V|EFF Fuvt

o gom  FE 429 L} EF LS o] 71 % 9 gdH e {50mmx850mm el A
600mm>x600mm7F A WakH 243 73 # o] F74+= 3dmmol A 15mm7F# W gkt
7% @ Ao tig FHe WAHE 21.97%9 4 9.75%71A] thokst A & ES)

ar sl

H 41 0MA=S 3R

CHXI & = 197,045m*(59,606 %)
A=oH 117,452m?(35,500%) A8 41.51%
Xl &k ol o1 = 214,877m*(65,000%) a2xg 109.05%
S RC CORE+CFT X
) XI6t5%, XA 372
2 D=0l 183.75m
A D2 '03.09~'05.09(24.5)H =)
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H 4.4 ot=s2 3|

RS Rl =5 got=
S AE(t) Sl Eo6tE(tf) o2 aHE(th) HEH(tf) &3t =(tf)
16.03 21.68 0.00 1.57 31.1663
10.80 21.61 0.00 0.91 30.9319
11.85 22.91 7.98 1.04 14.3729
7.83 22.99 8.03 0.53 14.3613
7.84 22.96 8.02 0.53 20.9981
7.84 22.98 8.02 0.53 21.0344
7.84 23.00 8.03 0.53 21.0512
7.84 23.03 8.04 0.53 21.0761
7.84 23.06 8.05 0.53 21.1033
7.84 23.09 8.05 0.53 21.1341
7.85 23.13 8.07 0.53 21.1682
7.85 23.16 8.08 0.53 21.2055
7.85 23.21 8.09 0.53 21.2461
7.85 23.25 8.10 0.53 21.2899
7.86 23.30 8.12 0.53 21.3368
7.86 23.36 8.14 0.54 21.3869
7.86 23.41 8.15 0.54 21.4401
7.87 23.47 8.17 0.54 21.496
7.87 23.53 8.19 0.54 21.5563
8.13 23.59 8.21 0.54 21.6115
8.13 23.65 8.23 0.54 21.6646
8.14 23.71 8.25 0.54 21.7269
8.39 23.78 8.27 0.54 21.7861
8.40 23.84 8.29 0.54 21.843
8.40 23.90 8.31 0.54 21.9051
8.65 23.97 8.33 0.54 21.9674
8.65 24.03 8.35 0.55 22.0253
8.65 24.09 8.37 0.55 22.0865
8.89 24.16 8.39 0.55 22.1483
8.89 24.22 8.41 0.56 22.2079
8.89 24.29 8.43 0.56 22.2669
13.83 24.35 8.44 0.92 22.3398
12.35 23.11 0.00 0.79 32.4598
12.35 24.55 9.85 0.79 32.5688
14.42 44.04 17.62 0.00 59.0357
156.59 43.86 17.54 0.00 58.7648
19.26 44.91 17.91 0.00 59.8737
17.50 20.69 8.44 0.00 21.6984
13.68 24.01 0.00 0.00 32.6699
15.40 23.10 0.00 0.00 25.9758
26.28 23.92 0.00 0.00 26.7995
E 42711 1020.90 315.67 21.11 1044.78
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PSS

= % |BE2(Y)| SIS (Y) | SetE6HE(Y) | DHZ6HE(Y) | HES(Y)
37F 235 235 250 415 259
36F 229 229 244 408 254
35F 223 223 238 401 249
34F 217 217 232 394 244
33F 211 211 226 387 239
32F 205 205 220 380 234
31F 199 199 214 373 229
30F 193 193 208 366 225
20F 187 187 202 359 221
28F 183 183 198 352 217
27F 179 179 194 345 213
26F 175 175 190 338 209
25F 171 171 186 331 205
24F 167 167 182 324 201
23F 162 162 178 317 197
20F 157 157 174 310 193
21F 152 152 170 303 189
20F 147 147 166 296 185
19F 142 142 162 289 181
18F 138 138 158 282 177
17F 134 134 154 275 173
16F 130 130 150 268 169
15F 126 126 146 261 165
14F 122 122 142 254 161
13F 118 118 138 247 157
12F 114 114 134 240 153
1F 110 110 130 233 149
10F 106 106 126 226 145
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8F 98 98 118 212 137
7F 94 94 114 205 133
6F 90 90 110 198 129
5F 83 83 103 191 125
4F 76 76 96 184 121
3F 69 69 87 177

oF 62 62 78 304 i
1F 55 55 69 279 =
B1 48 48 60 254

B2 26 26 48 229 or &t
B3 24 24 36 204

B4 12 12 24 179
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