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ABSTRACT

Key word: Concrete-Filled Rectangle Box Column, High-Strength

Concrete, Confinement Tie Rod
1. Purpose

The concrete-filled box column (CFBC) usually welded
together by four steel plates that have many property as high
strength, great seismic toughness, high lateral stiffness and
convenient construction as well as use to be apply on high-rise
building. When under seismic force, the plate of steel column easily
gets some local buckling that cause column member early to damage.
If the steel column is filled with concrete, the concrete can provide
lateral support, and the plate of steel column can provide concrete
confinement, delaying the occurrence of local buckling of the steel
column, the column members to enhance toughness.

According to "steel reinforced concrete (SRC) structure design
specifications” Chapter VI of the filled box-column design provides
that, in consideration of when the concrete strength increased
brittleness phenomenon will become more apparent, At the same
time present the relevant researches are still limited, therefore
specification of concrete compressive strength of concrete-filled
steel tube column uses shall not exceed 560 kgf/cm2 (8,000 psi),
Otherwise, it should reasonably recognized by experiments to prove
its feasibility and reliability. However, with domestic production of
sophisticated technology of high-strength concrete, and the industry
needs an urgent request for assistance to verify the practical
application of high-strength concrete (700 kgf/cm2) to prevent the
high-strength concrete material applicable in building technical
rules or specifications difficulty dilemma, instead, through a
complicated mechanism of the program " Architectural new
technology, new method, new equipment and new material approval
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ABSTRACT

system ".

Therefore, this study verified through the use of seismic
behavior of high strength (700 kgf/cm2) concrete-filled box column
study to review the existing provisions of the relevant specifications
rationality and feasibility of using restrictions verification.

2.Method and Steps

In this study, a total of three series (respectively, R, IR and TR
specimens) making a total of 8 sets of large-size rectangular high
strength concrete-filled box column specimens had been completed,
steel adopt SN490B (nominal strength 3.3tf/cm2), concrete
compressive strength 700 kgf/cm2 (10,000 psi), box-column section
aspect ratio (H/B) for the three kinds 1.34,1.5 and 2.0, the long side
(H) is fixed at 590 mm, the short side is planning a different width
dimensions (including three kinds of 440,400,300 mm, etc.). SRC
for domestic construction or steel structure design specification, at a
reasonable calculation formula of compressive strength, high
strength (700 kgf/cm2) using a rectangular concrete box-column
section aspect ratio (H/B) of the limits and set confinement Tied to
enhance the effectiveness of seismic performance of the column box,
etc., through theoretical analysis and structural testing.

3. Main Finding

According to this research experimental result to show that,
sum up several important discoveries and do the following
explanation.

(1) When the cross-section of high-strength concrete-filled (700
kgf/cm?) box column aspect ratio greater, because strength concrete
cracking caused the decrease, there is the greater of the trend, but
not significant.

(2) When filled box column is greater than the specification of the use
of high-strength concrete (700 kgf/cm?), the experimental results
show that the calculation of the provisions filled box column
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compression strength of the equation, may have overestimated the
strength of specimens, and this study proposes to amend the
formula of concrete strength, compressive strength can be
reasonably calculated column filled box.

(3) When CFBC filled with high-strength concrete (700 kgf/cm?), the
aspect ratio of the column cross-section is smaller, there are more
good toughness axial compression of the trend. The proposal base
on experimental results show that the aspect ratio of filled box
column section should not be higher than 1.4, if this limit is
exceeded, it should configure additional confinement Tied in the
ends of the plastic hinge regions in column, to enhance filling of
box column seismic toughness.

(4) When filled box column plastic hinge zone configuration
confinement tied, can effectively enhance the axial seismic ductility
of filling high-strength concrete (700 kgf/cm?), and suggestedd that
the design of confinement Tied of the lateral spacing should be less
than the minimum column width (B), the longitudinal spacing
should be less than 1/3 of the average width of the column, it can
meet requirement of the relevant specification.

4. Major suggestion

Short term suggestion—This study proposes to amend the
formula-filled box column compression
strength calculation of, can provide revised
specification of the Senate adopted.

Major Office : Construction and Planning Agency Ministry of the

Interior or Taiwan Institute of Steel Construction

Associate Office : Architecture and Building Research Institute

Ministry of Interior

In this study, key findings, when CFBC using high-strength
concrete (700 kgf/cm?) which is greater than the specification, the
current "SRC structure design specifications™ or "steel structure
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ABSTRACT

building steel structure design specifications” in the filling box
column type specified formula to calculate the compressive strength,
there will be an overestimation compressive strength of the actual
situation, there may be doubts unsafe, but this study suggests concrete
strength coefficient (o) and modified formula to calculate the
compressive strength, which is available immediately relevant
structural design specifications revision of reference adopted.

Short term suggestion—The study recommends the design
requirements of the column section size,
should be added to limit the aspect ratio of
the CFBC, not higher than 1.4.

Major Office : Construction and Planning Agency Ministry of the

Interior and Taiwan Institute of Steel Construction

Associate Office : Architecture and Building Research Institute

Ministry of Interior

The aspect ratio of CFBC using high-strength concrete (700
kgf/cm?) should be limited to not higher than 1.4. When the aspect
ratio more than 1.4, it will likely cause damage to box column flexural
toughness, this study suggests that configure the appropriate
confinement tie bars in plastic hinge zone, can effectively improve the
seismic toughness of CFBC, this proposal can provide structural
design specifications immediately, in updating filled box column
section size limits mining parameters.

Short term suggestion—Recommend apply " box filled enhance
seismic performance of steel column
innovative technology seminar”

Major Office : Architecture and Building Research Institute Ministry

of Interior.

Associate Office : Architects Association, Structural Engineering

Technician Association, Association of Civil
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Engineers

Experimental verification of the performance of the study
concrete-filled box column, have been accumulated over the past 35
group specimens and research results, it is recommended to handling
the relevant seminars or promotional activities to solicit comments of
the industry on the draft amendments to the relevant specifications,
and this innovative construction techniques developed by ABRI,
offers the industry's use.

Short term suggestion—Recommend apply "Using high-strength
concrete-filled box column seismic
performance validation study at a high axial
forces "

Major Office : Architecture and Building Research Institute Ministry

of Interior.

Associate Office : Civil Engineering or Construction Engineering

Institute national universities

Recommends that the future can be further through theoretical
analysis and experimental verification, to explore with high axial
force and other conditions, the case is not conducive to the
development of seismic column plastic hinge zone toughness, the use
of box column filled high-strength concrete, its seismic performance
and use restrictions, as well as research to mention concrete and
feasible measures to strengthen the seismic resilience.
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AP B g R % RR D et RN R ES Y

2219 % FMAY (FHRRR: 2y EiF)

| wH Fy f'c H B | g | ¢ Po | ov | A7
Bl 3% | (tflcm®) | (kgf/cm?) | (cm) | (cm) (cm) | (tf) | (mm)

1| R1.35 3.3 700 59 | 44 |1.34| 1.4 | 2304

2 | R1.5 3.3 700 59 | 40 | 1.5 | 1.4 | 2133

3| R2.0 3.3 700 59 | 30 | 2.0 | 1.4 | 1706

4 |IR1.35| 3.3 700 59 | 44 |1.34| 1.4 | 926

5 | IR1.5 3.3 700 59 | 40 | 1.5 | 1.4 | 889

6 | IR2.0 3.3 700 59 | 30 | 2.0 | 1.4 | 796

7 | TR1.5 3.3 700 50 | 40 | 1.5 | 1.4 | 2133 | 16 | A490
8 | TR2.0 3.3 700 50 | 30 | 2.0 | 1.4 [1706| 16 |A325
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Bo % ek

% 2.2 RAIFLEHABREBRFZR L (FR LR 227 80F)

2 g ﬁx}; * ﬁfi * R AR OB | F R | B | AU *WE R PR R | T ERR R

% kgf  |kgf/mm? psi cm 8% | kgflcm? psi kgf/cm?
2015/10/6| 28 83586 7.39 ]10511.237| 12.00 2 - A 739
2015/10/6| 28 88737 7.82 |11122.851| 12.02 2 - B 782
2015/10/6| 28 84202 7.40 ]10525.460( 12.04 2 - A 740

10734.073 754.67
2015/10/6| 28 | 133833 7.53 |10710.367| 15.04 2 - B 753
2015/10/6| 28 | 136557 7.72 110980.615| 15.01 2 - C 772
2015/10/6| 28 | 135356 7.64 ]10553.908| 15.02 2 - A 742
2015/10/8| 30 83416 7.41 110866.827| 11.97 2 - A 764

2015/10/8| 30 86756 7.66 (10895.274| 12.01 2 - A 766 10772.003 757.333
2015/10/8| 30 83757 7.42 110553.908| 11.99 2 - A 742

(A) (B) (C) (D) (E) (F)
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P2 REHRLFEEH
£ 2.3 4 %A (ER 22mm) (FHR &R : 227 0 F)
, j PR 13 b B kL
e & A ; 2 2 : 2 2
ksi | N/mm* | tf/cm ksi N/mm tf/cm %
t22-1 57 394 4.02 77 534 5.45 74
t22-2 57 396 4.38 78 536 5.47 74
t22-3 57 394 4.02 77 533 5.44 74
2 24P EHEA(ER 14mm) (FH kR A= i)
, j FY 13 ok B kL
*i r‘% :‘: %ﬁ- . 2 2 . 2 2
ksi | N/mm tf/cm Ksi N/mm tf/cm %
t14-1 57 391 3.99 78 540 5.51 72
t14-2 58 403 4.11 78 539 5.50 75
t14-3 60 414 4.22 79 548 5.59 76
t14-4 58 399 4.07 78 539 5.50 74
t14-5 58 403 4.11 78 541 5.52 74
114-6 56 386 3.94 78 540 5.51 71
225 B AL BREL (FRRR: 2 AF)
R 13 ER L] okt | #F e 4
A <
s e A ksi | N/mm? | tflcm?® | ksi | N/mm? tf/zcm % %
A325-1 | 122 | 841 8.58 153 1055 | 10.76 80 43
A325-2 | 123 | 848 8.65 154 1062 | 10.83 80 43
A325-3 | 127 | 876 8.93 154 1062 | 10.83 82 47
A490-1 | 151 | 1041 | 10.62 158 1089 | 11.11 96 57
A490-2 | 162 | 1117 | 11.39 170 1172 | 11.95 95 59
A490-3 | 161 | 1110 | 11.32 | 168 1158 | 11.81 96 58
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R1.35 |0.00390 | 2674 | 2635 | 102% |0.00630 | 1808 | 0.04389 1644
RL.5 | 0.00457 | 2426 | 2444 | 99% |0.00720 | 1626 | 0.02067 1371
R2.0 |0.00342 | 2044 | 1968 | 104% |0.00394 | 1919 | 0.03011 1011
IR1.35 | 0.00325 | 1096 | 1142 | 96% |0.00370 | 1071 | 0.03151 738
IRL5 |0.00303 | 1020 | 1096 | 93% |0.00408 | 961 0.03469 606
IR2.0 | 0.00348 | 944 982 96% | 0.00429 | 901 0.04460 729
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R1.35 0.00630 0.010 0.04389 - 0.0045 0.0045 0.0048 0.0056
R1.5 0.00720 0.010 0.02067 - 0.0054 0.0055 0.0055 0.0061
R2.0 0.00394 0.010 0.03011 - 0.0040 0.0040 0.0040 0.0040
IR1.35 0.00370 0.010 0.03151 - 0.0130 0.0193 0.0248 0.0292
IR1.5 0.00408 0.010 0.03469 - 0.0179 0.0232 0.0276 0.0318
IR2.0 0.00429 0.006 0.04460 - 0.0395 0.0442 0.0456 0.0000
TR1.5 0.00560 0.010 0.02008 0.00872 0.0104 0.0156 0.0183 0.0197
TR2.0 0.00946 0.010 0.03635 0.01104 0.0060 0.0071 0.0117 0.0140
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R2 3.81 318.4 255 1810 1463 1598 1.09
R3 3.81 318.4 241 1529 1333 1452 1.09
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R1.35 4.07 758 281 2315 2635 2547 2674.44 1.02 1.05
R1.5 4.07 758 269 2091 2444 2365 2425.78 0.99 1.03
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