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Static Behavior of Concrete-Filled and Tied Steel Tubular Arch(CFTA) Girder
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Abstract

This study introduces the CFTA girder(Concrete-Filled and Tied Steel Tubular Arch
Girder) which is a combined structural system of traditional CFT, arch, and prestress
structures. Static load tests and structural behavior analyses were carried out for a 25m
long CFTA girder. In the analysis, each load of 58kN, 88kN, 148kN, 207kN,and 298kN was
applied incrementally at the positions of 1.0 m distances in both directions from the center
of the girder. On each test, strain and displacement were measured. Linear static FEM
analyses using Strand7 code were also performed to check the structural stability and to
investigate the effects of prestressing(+20%) and material property(Young's modulus) on the
displacement and strain. The results of this study are summarized as follows: the initial
strain & displacement under selfweight and prestressing were influenced with the variation
of prestressing, but they were mainly effected only by Young's modulus when additional
loads were applied.
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UAAT | 4FLE | AIRE | @A

ZH_,EJ_ 5 H 1o’

(kg/m?) (MPa) MPa) (MPa)
A 2,500 35 - 27,223
vk 2,500 16 - 18,800
737 7.850 - 400 | 210,000
1A 7.850 - 1,600 | 200,000
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-0.3 - - LC-(1,2)
4.50 C-1-B(1,2) S-1-B(1,2 -
9.50 C-2-B(1,2) S-2-B(1,2 -

15.50 C-4-B(1.2) | s-4-B(1.2
20.80 C-5-B(1,2) | S-5-B(1,2
25.00 - -
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Table 3 B2 Hx| 9%

A 2l 7 2 (m) AlolAl M3 | ZAE wig

_03 - -

4.50 1 DP-1
9.50 2 DP-2
12.50 3 DP-3
15.50 4 DP-4
20.80 5 DP-5
25.60 - -
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Table 4 232/ E°| HHEE (THe|:E-6)

Load(kN) C-3-Bl1 C-3-B2 A
0 0 0 0
58 23.70 20.85 22.27
88 36.02 33.18 34.60
148 65.40 56.87 61.13
207 96.68 83.41 90.05
298 148.82 128.91 138.87
Table 5 Z2M ol HYEE (H2:E-6)
Load(kN) S-3-Bl S-3-B2 B
0 0 0 0
58 18.96 19.91 19.43
88 41.70 40.76 41.23
148 72.04 72.99 72.52
207 98.58 98.58 98.58
298 157.35 160.19 1568.77

Table 6 M= #H22t (22 : mm)

Load(kN) | DP-1 | DP-2 | DP-3 | DP-4 | DP-5
0 0.00 0.00 0.00 0.00 | 0.00

58 1.57 3.21 3.84 3.27 | 1.50

88 2.45 5.04 5.94 5.16 | 2.34
148 4.34 9.03 | 10.65 9.18 | 4.12
207 6.49 | 13.62 | 15.84 | 13.77 | 6.14
298 10.34 | 21.39 | 24.69 | 21.48 | 9.65
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Table 7 ME-EM a2 95t SAZ
vy agldz | agAs | Fol
v (kg/m?) (MPa) %)
uletha 2,500 18,800 | 0.167
74 7,850 210,000 0.3
238 E 274 2,500 27,223 | 0.167
2137 7,850 200,000 0.3

Table 8 CFTAH S| -

A 2143 (kN) REEDES
Model piaa T o3 | @44 (MPa)
Model-0 | 2.08x10° | 1.15x10° 27,723
Model-1 | 1.67x10° | 0.92x10° 27,723
Model-2 | 2.50x10° | 1.38x10° 27,723
Model-3 | 2.08x10° | 1.15x10° 21,778
Model-4 | 2.08x10° | 1.15x10° 32,667
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Load(kN) | Model-0 |Model-1|Model-2|Model-3 | Model-4
0 0.00 0.00 0.00 0.00 0.00

58 33.69 | 33.69| 33.69 | 35.77 | 31.93

88 51.12 | 51.11 | 51.11 | 55.27 | 48.44
148 85.97 | 85.96 | 8596 | 91.27 | 81.46
207 120.24 | 120.23 | 120.23 | 127.66 | 113.93
298 173.10 | 173.08 | 173.09 | 183.77 | 164.01

Table 10 C-3-BoilA{

Load(kN) | Model-0|Model-1|Model-2|Model-3 | Model-4
0 0.00 0.00 0.00 0.00 0.00
58 29.20 | 29.19 | 29.19 | 31.10 | 27.58
88 44,30 | 44.29 | 44.29 | 47.18 | 41.84
148 7450 | 74.49 | 7450 | 79.34 | 70.38
207 104.20 | 104.19 | 104.19 | 110.97 | 98.44
298 150.01 | 150.00 | 150.00 | 159.76 | 141.71
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Table 11 Model# DP-3 =% = 1 9l(Eb¢l:mm) .=
Load(kN) | Model-0|Model-1|Model-2|Model-3 | Model-4 -
0 | 0.00 | 0.00 | 0.00 | 0.00 0
58 | 4.01 | 4.01 | 401 | 4.16 | 3.88
88 | 6.08 | 6.08 | 6.08 | 6.31 | 5.88 & o
148 | 10.23 | 10.23 | 10.23 | 10.62 | 9.89
207 | 14.31 | 14.31 | 14.31 | 14.85 | 13.84 Fo 6 siEolae aiE
208 | 20.60 | 20.60 | 20.60 | 21.38 | 19.92 0. 0 efs®TE neEne
o ] 52 CFTAZMCISl st5-#9 24
£ o Aol Agaalo] w2 DP-3A% Axjolt},
E 150.0 i
Table 14 DP-3X|& Al&l-sjAZ 3} el v @m(THe:mm)
00 : ] Load(kN) | Exp-DP-3 | Num-DP-3 9] 2}
° teain 00y . > 0 0.00 0.00 0.00
58 3.84 401 -0.17
88 5.94 6.08 -0.14
o =HE e
Fio. 5 Model DP=3 B 148 10.65 10.23 0.42
207 15.84 14.31 1.53
5 CFTAHOH Qo ZI} 2A 298 24.69 20.60 4.09
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Table 12 AlE-si| Az 232/ HEE b D(SHPE-6)
Load(kN) |Exp-Concrete| Num-Concrete | ®3 &3} ”
0 0.00 0.00 0.00 o
58 2227 29.19 -6.92 Displacement mm)
88 34.60 44.29 -9.69
148 61.14 74.49 ~13.35 Fig. 7 DP-3X|™ Ald 2 sf{MZAT} He vl
207 90.05 104.19 “14.14
298 138.86 150.00 -11.14
5.3 H=o| mZE ModelH HSEM
Table 13 A&-siMZnl Zx HYE d|W(H[:E-6)
Toad(kN) | Exp-DP-1 | Num-DP-1 | Wa&x 53.1 ¥gE
0 0.00 0.00 0.00 Table 15¢ 8% % A%l 09 o WHPES 02
58 29.19 33.69 450 B _
g3l A3 73A|e JE5S Z
83 14.29 5111 6.82 =7 dAe R ES ek Aol
148 74.49 85.96 -11.47 Table 162 3l% 9 52 44 A HIES 02
207 104.19 120.23 -16.04 0 -
: : : 2 73 A97kAe] W ES ek Zlo
298 150.00 173.08 -23.08 ere 8BS HErd Aol
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Table 19 Modeloll w2 =7| 2| (2H:mm)
Distance | Model- | Model- | Model- | Model- | Model-
(m) 0 1 2 3 4
0 0.00 0.00 0.00 0.00 0.00
4.5 19.13 | 10.65 | 27.62 | 20.26 | 18.18
9.5 34.08 | 18.52 | 49.64 | 35.89 | 32.52
12.5 36.99 | 20.00 | 53.99 | 38.91 | 35.33
15.5 34.07 | 18.52 | 49.63 | 35.88 | 32.52
20.8 17.95 | 10.00 | 25.90 | 19.01 | 17.05
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Table 15 Model® ZA{ 2| 3 E(THR|:E-6)
Load(kN) |[Model-0|Model-1 |Model-2|Model-3| Model-4
0 334.43 | 197.88 | 470.98 | 355.83 | 315.64
58 300.74 | 164.19 | 437.29 | 320.06 | 283.71
88 283.32 | 146.77 | 419.87 | 301.56 | 267.2
148 248.47 | 111.92 | 385.02 | 264.56 | 234.18
207 214.2 | 77.65 | 350.75 | 228.17 | 201.71
298 161.35| 24.8 |295.89 | 172.06 | 151.63
Table 16 Modeld Zx{ 2| % E(CHe:E-6)
Load(kN) [Model-0|Model-1|Model-2|Model-3| Model-4
0 0.00 0.00 0.00 0.00 0.00
58 33.69 | 33.69 | 33.69 | 35.77 | 31.93
88 51.11 51.11 51.11 54.27 | 48.44
148 85.96 | 85.96 | 85.96 | 91.27 | 81.46
207 120.23 | 120.23 | 120.23 | 127.66 | 113.93
298 173.08 | 173.08 | 173.09 | 183.77 | 164.01
Table 172 35 9 252 A& Al H¥ES 02
2 7% A 23 ES HEES vER Aol
Table 17 Model Z232|E2|o| H & E(CH2I:E-6)
Load(kN) | Model-0 | Model-1 | Model-2|Model-3| Model-4
0 302.00 | 181.26 | 422.74 | 322.15 | 284.33
58 272.81 | 152.07 | 393.55 | 291.05 | 256.75
88 257.71 | 136.97 | 378.45 | 274.97 | 242.49
148 227.51 | 106.77 | 348.24 | 242.81 | 213.95
207 197.81 | 77.07 | 318.55 | 211.18 | 185.89
298 152.00 | 31.26 | 272.74 | 162.39 | 142.62
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Table 18 Model® Z32|EQ|e| HEHE (THe|:E-6)
Load(kN) | Model-0|Model-1|Model-2 | Model-3 | Model-4
0 0.00 0.00 0.00 0.00 0.00
58 29.19 | 29.19 | 29.19 | 31.10 | 27.58
88 44.29 | 44.29 | 44.29 | 47.18 | 41.84
148 74.49 | 74.49 | 74.50 | 79.34 | 70.38
207 104.19 | 104.19 | 104.19 | 110.97 | 98.44
298 150.00 | 150.00 | 150.00 | 159.76 | 141.71
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Table 20 Modeloll 2 DP-3X| &2 | (=2:mm)
Load(kN) |Model-0|Model-1|Model-2 |Model-3|Model-4
0 0.00 0.00 0.00 0.00 0.00
58 4.01 4.01 4.01 4.16 3.88
88 6.08 6.08 6.08 6.31 5.88
148 10.23 | 10.23 | 10.23 | 10.62 9.89
207 14.31 14.31 14.31 14.85 | 13.84
298 20.60 | 20.60 | 20.60 | 21.38 | 19.92
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