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SEISMIC PERFORMANCE TESTING OF CONCRETE
FILLED STEEL TUBULAR (CFST) COLUMNS WITH
HIGH AXIAL COMPRESSION CONDITIONS

Plan Number: 06108 A1900

Project Host: Ker-Chun LIN

Participants: Hao Dinh PHAN, Sheng-Jhih JHUANG

Contact Email: kclin@ncree.narl.org.tw

Testing Duration: 2018.12.10~2018.12.24

Test Facility: Taipei Multiple Advanced Testing System (MATYS)

Test Purposes:
To investigate the seismic behavior of full-scale square CFST columns under different
levels of axial compression, especially, high axial compression.

Test Setup:

In this study, the experimental study on the CFST beam-column members using square
steel tubes filled with concrete connected with two wide flange steel footings is carried out. A
total of four specimens were fabricated with a full length (including two footings) of 4190
mm and the column clearance length, L = 3000 mm. The square steel tube with the outer
width B = 500 was made of 12-mm-thick steel plates (nominal yield tensile strength of 345
MPa) using two parallel welding lines with the support of backing bars located on the inner
face of the steel tube. The top and bottom footings were also fabricated using a combination
of welded steel plates (two thickness types of 12 and 20 mm) and welded to the steel tube to
form a complete steel specimen for filling with concrete (nominal compressive strength of 35
MPa) after that. The detailed information related to four CFST column specimens can be seen
in Table 1 and Figure 1.

Table 1. Matrix of CFST column specimens

Specimen L (mm) B (mm) t (mm) B/t P/Po
CFST42-15C 3000 500 12 42 0.15
CFST42-35C 3000 500 12 42 0.35
CFST42-55C 3000 500 12 42 0.55

CFST42-15/55C 3000 500 12 42 0.15-0.55
*Notes: Actual steel grade fya = 351 MPa; and Actual concrete strength f . = 36.35 MPa
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Figure 1. Dimensions of the specimen
Test Plan:
The four CFST column specimens would be examined using MATS machine in the
National Center of Research on Earthquake Engineering (NCREE), Taipel, as can be seen in
Figure 2.

Figure 2. Set up a specimen on the MATS
The bottom footing and top footing of the specimen were fixed to the platen and the top
20
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cross beam using steel rods. Two aluminum plates were inserted under the bottom and on the
top of the specimen before fixing the rods to prevent the specimen slide during testing time.
Thirty-four NDI makers were mounted on one surface (side) of the column to measure
displacements of these points by using an NDI machine putting on each side (two sides: East
and West). All strain gauges used to measure strains in the steel tube were connected to the
strain gauge boxes and then to the computer for recording the test data. The relative lateral
displacements between two ends of the column were defined using two Tempos. Four
cameras also were set up on four sides to capture the global deformation of the column during
the testing time.

The first three specimens subjected to three different levels of constant axial
compression: 0.15, 0.35 and 0.55Py, respectively, combined with cyclic lateral displacement
loading by variable symmetrical increasing type. The last specimen subjected to variably axial
compression designed varying from 0.15 to 0.55P¢ (corresponding to the interstory drift ratio
of cyclic lateral displacement loading up to the level of 4%), in which 0.35P¢ was chosen as a
middle value for starting, combined with the same cyclic lateral displacement loading
protocol as mentioned above. The diagrams of the two loading protocols used in this study are
presented in Figure 3.

5 0.6
] : ——
47 | Forall specimens - 055 1 CFST42-55C |
& 3 1 o’ 05
o 5 ] a. -
5 '12 ] M o °:: i CFST42-35C | MM
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(a) Cyclic lateral displacement loading (b) Constant and varied axial compressive
protocol loading protocol

Figure 3. Proposed loading protocols
Test Results:

Completing the seismic performance tests of all four specimens, test results were
carefully collected and analyzed as can be seen in Table 2. From the test results derived, the
discussions that would be carried herein include columns’ deformation and fracture, lateral
load - lateral displacement response, lateral strength, deformation capacity, and lateral
stiffness degradation of these columns.

Deformation and fracture stages of specimens: Due to different axial compression level
and type, the detailed deformation and fracture between were some discrepancies. However,
the general deformation of these columns was similar in the forming and location of plastic

hinges. They occurred at a distance of around B/4 measured from the footing surface in each
21
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column end as shown in Figure 4, for Specimen CFST42-15C. The wide and long fracture of
the steel tube occurred in the case of the lowest axial compression level. In the case of higher
axial compression levels (for three remaining specimens), the steel tube fractures were
narrower and shorter than that occurred in the first specimen. A technical issue that happened
in this experimental program was the axial shortening displacement of the specimen exceeded
maximum vertical displacement of the actuators in MATS when the column was not fully
failed in the case of high axial compression levels, for Specimens CFST42-35C, CFST42-55C,
and CFST42-15/55C. It is due to there were two plastic hinges forming in the double

curvature deformation of the column during the testing time.

Table 2. Test results of four specimens

Hmax or Qmax Ay at O.8Qmax DRu at 0.8Qmax
Specimen (+/-) | DRmax (KN) (mm) (%)
+/- | Average +/- | Average +/- | Average
+ 2.0 1337 153.9 5.13
CFST42-15C . 20 1357 1347 1410 1475 170 4.92
+ 15 1244 95.7 3.19
CFST42-35C . 15 1249 1246 86 1 90.9 587 3.03
+ 1.0 1051 40.5 1.35
CFST42-55C . 10 1041 1046 369 38.7 123 1.29
+ 15 1208 - 70.2 - 2.34 -
CFST42-15/55C 1.5 | 1334 - 90.0+ - 3.00+ -

22




2019 M3 BiAefm g @ w P %S %734 ¢ (1)
Flp Rl y e oo 58 % 5%3 0 2019/12/09

b. Yielding in the bottom d. Buckling in the bottom f. Fractures in the bottom
flange end end

Figure 4. Deformed stages of Specimen CFST42-15C
Lateral load (H) — lateral displacement (4) response: Figure 5 shows a general picture of
the cyclic behavior of four specimens with different axial compression level and type. The
H-4 hysteresis loops reveal that the higher axial compression loading applied, the fewer of
hysteresis cycles and lower of maximum lateral load (Hmax) obtained. It means that the high
axial compression significantly affects the seismic performance of square CFST columns that
leads to a reduction of both lateral strength and deformation capacity.
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Figure 5. Lateral load — lateral displacement (H-4) hysteresis loops

Lateral (shear) strength and deformation capacity: Table 2 shows that Qmax and DRmax
denote the maximum lateral strength and the interstory drift ratio corresponding to maximum
lateral strength. The other two notations, 4, and DR, demonstrate the ultimate displacement
and ultimate interstory drift ratio (corresponding to the point of 80% Qmax post-peak),
respectively. From Table 2 and Figure 6, there are two main findings in this section. The first
is the higher axial compression, the lower lateral strength the column possesses. Compared to
Specimen CFST42-15C, the lateral strength reduction of Specimen CFST42-35C was 7.5%
and the largest drop was 22.3% coming from Specimen CFST42-55C. Meanwhile, Specimen
CFST42-15/55C reduced about 10.3% and 1% lateral strength in the positive (P/Po = 0.425)
and the negative (P/Po = 0.275) lateral directions, respectively, compared to the first specimen.
The second is, deformation capacities are different between four specimens. It reveals that
their seismic performance significantly depends on the axial compressive loading level. The
higher axial compressive loading applied, the lower the deformation capacity the column
possesses. From Table 2, it is clear that the highest DRy was 4.92% obtained by Specimen
CFST42-15C, then following by Specimen CFST42-35C and Specimen CFST42-15/55C in

the negative side with DRy of 3.03% and more than 3.00%, respectively. Meanwhile,
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Specimen CFST42-15/55C on the positive side had a DRy of 2.34%. Lastly, Specimen
CFST42-55C demonstrates the lowest deformation capacity compared to three remaining
specimens, which had a DRy of 1.29%. In conclusion, it shows that in the high seismic zones,
the CFST beam-columns subjected to the axial compression less than or equal to 0.35P¢ are
safe (DR, = 3.0%).
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Figure 6. Cyclic response envelopes of four specimens

Lateral stiffness degradation: Figure 7 shows the relationships between lateral stiffness at
the lateral cyclic loading level i"" (K;) and lateral displacement (4) of four specimens. It
reveals that, at the initial interstory drift ratio (0.375%), all four specimens had the strongest
lateral stiffness, ranging from 53.03 to 57.43 kN/mm. It is found that the larger lateral
displacement, the smaller lateral stiffness occurred; and the higher axial compression applied,
the faster lateral stiffness degradation happened. For instance, at the interstory drift ratio of
1.5%, the lateral stiffness of the first three specimens was 29.44, 27.59, and 13.05 kN/mm,
respectively, and the last specimen had a lateral stiffness of 28.10 kN/mm. Additionally, at
smaller interstory drift ratios (from 0.375% to 1.5%), the lateral stiffness of Specimen
CFST42-15/55C was completely higher than that of Specimen CFST42-35C; however, at
larger interstory drift ratios (at 2.0% and 3.0%) the lateral stiffness of Specimen CFST42-35C
had dominated.
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Figure 7. Lateral stiffness degradations of four specimens

Related works:
1. “Seismic Performance of Concrete Filled Steel Tubular (CFST) Columns with Varied

Axial Loads”. International Conference in Commemoration of 20" Anniversary of the
1999 Chi-Chi Earthquake Taipei, Taiwan, September 15-19, 2019.
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Mﬂ :J%ﬁk }f@’ a4 \riv (gal) (gal)
ASUS ZenFone Selfie Snapdragon 615 MPL Linear Acceleration 3.357 0.239
ASUS ZenFone Max Pro | Snapdragon 636 BMI160 Accelerometer 0.912 0.478
LG Stylus 2 (Black) Snapdragon 410 LGE Accelerometer Sensor 1.129 1.915
LG Stylus 2 (White) Snapdragon 410 LGE Accelerometer Sensor 1.142 1.915
HTC Desire EYE Snapdragon 801 Accelerometer Sensor* 3.209 1.000
HTC Uil Snapdragon 835 BMI160 Accelerometer 2.417 0.239
SAMSUNG Galaxy J5 Snapdragon 410 K2HH Acceleration 0.337 0.120
SAMSUNG Galaxy A8 Exynos 7885 LSM6DSL Accelerometer 1.035 0.239
Xiaomi POCOPHONE F1 | Snapdragon 845 BMI160 Accelerometer 1.124 0.239
Redmi Note 4 Helio X20 BOSCH Accelerometer Sensor | 0.883 0.120
HUAWEI P9 Kirin 650 iNemo Linear Acceleration 1.252 0.958
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predictor: Pa: 0.000096, Pv: 0.000399, Pd: 0.001596,
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L2 b oz R E B RFE L RS
PR R B R SRy R FApY * | PeA
#r (km) B | (gal)
Anchorage US/AK Rabbit Creek AK USA 46 2018/11/30 | 7.0 | 651.5
Hector Mine US/CA Mill Creek; Ranger Station 91.3 1999/10/16 | 7.1 59.5
Miyagi Japan Shiogama - MYGO012 142 2011/04/07 | 7.1 1447
Northern Norcia Italy Italy Forca Canapine 11.7 2016/10/30 | 6.5 | 910.4
Duzce Mexico Unam - Mexico, Mexico 116.4 2017/09/19 | 7.1 53.7
Samoa Islands )
Region Samoa Afiamalu, Samoa 179 2009/09/29 | 8.0 103
Valparaiso Chile Torpederas, Chile 39 2017/04/24 | 6.9 889
India-Burma Border Indonesia Berlongfer 220.1 1988/08/06 | 7.2 331
Northridge US/CA Cedar Hill Nursery A 16.7 1994/01/17 | 6.7 | 1744.5
Kobe Japan Nishi-Akashi 38 1995/01/17 | 7.3 | 605.3
Chi Chi Taiwan TCUO084 18 1999/09/21 | 7.6 | 681.6
Hawlian Taiwan ENA 35.6 2018/02/06 | 6.2 | 428.3
Lefkada Greece Lefkada Nol 10 2003/08/14 | 59 | 4175
Northwest China China CSB station 19001 21.7 1997/04/11 | 6.1 | 376.6
Wenchuan China 051WCW 14 2008/05/12 | 8.0 | 957.7
Bt 15 %
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ASUS ZenFone Selfie 15/17 88%

ASUS ZenFone Max 16/17 94%
Pro

LG Stylus 2 (Black) 17/17 100%

LG Stylus 2 (White) 16/17 94%

HTC Desire EYE 16/17 94%

HTC U1l 17/17 100%

SAMSUNG Galaxy A8 16/17 94%

Xiaomi I:Pl()COPHONE 17117 100%

Redmi Note 4 17/17 100%

HUAWEI P9 17/17 100%
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1~ 3£ rfed RHRORIRD O K SRR 4

IE P A
Size(LxW) 8mx8m
Max. Specimen Weight(ton) 250
. 500 (biax)
Overturning Moment(ton-m) 1000 (uniax)
. R (H2) Minimum 0.1
requency Range(Hz
q Y J Maximum 30
Longitudinal 1.0
Max. Displacement(m) Lateral 1.0
Vertical 04
Longitudinal £20
Max. Velocity(m/sec) Lateral 20
Vertical 1.0
Longitudinal £ 2.5 (bare table)
Max. Acceleration(g) Lateral £ 2.5 (bare table)
. * 3.0 (bare table)
Vertical £ 0.8 (100 ton Specimen)
Size (LXWXH) 20mx15mx9m
Reaction Mass
Weight(ton) 4,000
Air Spring Assemblies 120 sets
Damper Assemblies 192 sets

%22 b RARY RS SIFNAH 2 kSl

Rl LA % Bk it
2 LR R B 13.0746 (KN)
B i 0.0142
kT 5 8 R 94.1329 (ton)
E S U 92.6558 (ton)
X b 84t § ) 829.0085(ton-m?
Y e L (ton-r7n%§3015
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