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Abstract. Six specimens are tested to investigate the cyclic behavior of beam-to-column abnormal joints
in steel moment-resisting frames, which are designed according to the principle of strong-member and
weak-panel zone. Key parameters include the axial compression ratio of column and the section depth ratio
of beams. Experimental results indicate that four types of failure patterns occurred during the loading
process. The P-A hysteretic loops are stable and plentiful, but have different changing tendency at the
positive and negative direction in the later of loading process due to mechanical behaviors of specimens. The
ultimate strength tends to increase with the decrease of the section depth ratio of beams, but it is not apparent
relationship to the axial compression ratio of column, which is less than 0.5. The top panel zone has good
deformation capacity and the shear rotation can reach to 0.04 rad. The top panel zone and the bottom panel
zone don’t work as a whole. Based on the experimental results, the equation for shear strength of the
abnormal joint panel zone is established by considering the restriction of the bottom panel zone to the top
panel zone, which is suitable for the abnormal joint of H-shaped or box column and beams with different
depths.

Keywords: cyclic loading; beam-to-column abnormal joint; shear strength; hysteretic performance;
mechanical behavior

1. Introduction

Beam-to-column joint is a main component in the steel moment-resisting frame, which has a
direct influence on the stability of structure (Yang and Kim 2007, He et al. 2010, Loulelis et al.
2012, Lee et al. 2013). According to the difference of configurations, beam-to-column joint can be
divided into normal joint and abnormal joint (Fig. 1). Abnormal joint is defined as the joint of
beams with different section depths and (or) columns with different section depths (Peng 2010).
Due to the increase of load and the special requirement of structure layout, abnormal joint has been
widely used in the steel moment-resisting frame. The behavior of abnormal joint is also studied
using experimental investigation and theoretical analysis by some researchers: Imai et al. (1991)
tested abnormal joints of H-shaped column and H-shaped beams with different depth under the
monotonic loading, and the evaluation equation for strength was established by introducing
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Fig. 1 Beam-to-column joints in steel moment-resisting frames
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Fig. 2 Steel moment-resisting frame in thermal power plant

appropriate parameters. Kuwahara et al. (2000) presented theoretical and experimental investigations
on the behavior of the panel zone of abnormal joints, which were composed of box column and
H-shaped beams with different depth, and the calculated equations for stiffness and strength of the
panel zone were proposed. Li and Chen (2009) put forward a calculated method of shear strength
for the panel zone of abnormal joint of circular hollow section column and two H-shaped beams
with different depth. Sui ef al. (2013) made a series of numerical analysis on the elasto-plastic
behavior of abnormal joints of circular hollow section column and two H-shaped beams with
different depth, and proposed a design method for the abnormal joint with an exterior reinforcing
ring. There are many types of abnormal joints, of which the behaviors are different.

The abnormal joint of box column with H-shaped beam and box beam has been used in steel
moment-resisting frame (Fig. 2) of thermal power plant, which is an establishment about electricity
generation and power transformation .In spite of the extensive studies of abnormal joints in the
literature, the topics on the seismic performance and design method of this type of abnormal joint
have not been fully addressed. For this reason, cyclic tests on abnormal joints of box column with
H-shaped beam and box beam were conducted. The failure patterns, hysteretic performance and
shear deformations of the panel zone were determined, and the mechanical behaviors were
revealed. Finally, the equation for shear strength of the abnormal joint panel zone was established.
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2. Experimental program
2.1 Specimen descriptions

The specimens were double-side beam-to-column assemblies that are representative of interior
beam-to-column joint. The dimensions and geometry of the specimens are shown in Fig. 3. With
the difference of the section depth of beams, the panel zone is divided into two parts, which are
named as the top panel zone and the bottom panel zone in this paper. The key parameters were the
axial compression ratio of column and the section depth ratio of beams, the latter of which can be
calculated by Eq. (1).

dbl
=i (1)
/3 CJbZ

In which f is the section depth ratio of beams, dj,; and dj, are the depths of beams at both sides
of the abnormal joint, respectively, dy < dj,.

For the fabrication of the specimens, welded-bolted connection was used between H-shaped
beam and column, and welded connection was used between box beam and column. The details of
specimens are shown in Fig. 4 and are summarized in Table 1.

In order to study the shear strength of the panel zone, the specimens were designed according
to the principle of strong-member and weak-panel zone. The thickness of the web at the panel zone
was weaken to half of that at the other parts of the column.

2.2 Material properties

All specimens were fabricated with grade Q235 steel. The material properties have been
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Fig. 3 Global dimensions and geometry of the specimen



1180 Zu Q. Liu, Jian Y. Xue, Xiu N. Peng and Liang Gao

A

45° 45° 645“ Top Web of column
g 8 \6 9 7 diaphragm
T T
B R"Qf* [ ¥&35 b
- 1 e = &5 Web of
=] j 6 panel zone
o = B
= ‘ 6 45 2
G ¢ 25 ;
‘ 45° — %
2 Middle
diaphragm
i
B
Y s 1
45° 45°
Y E Bottom
oF Z diaphragm Web of column
A A-A
(a) Detail of specimen-JD20
&
45 45 645“ Top Web of colnmn
7 § \BIZ 2 ; diaphragm
T T |_
el we AT N 6 ’
=T Web of
O 20 anel zone
—_ o 0L 60 30| b P
gl 4 i
8L E 2 . 5
6
" 5 = Y =
0 ; Middle
T .
?353 diaphragm
g Ni
45° a5° |
\6‘ P Bottom
= 7 diaphragm Web of column

$
5

(b) Detail of specimen-JD27

Fig. 4 Details of the specimens
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Table 1 Dimensions of member section and key parameters

H-shaped beam Box beam Box column Axial
Speci Section depth .
pecimen  Flange Web Flange Web Flange Web ratio of beams comprps:mn
(mm) (mm) (mm) (mm)  (mm)  (mm) ratio

JD20-1 150x10 180x10 200x10 430x10 250x12 22612 0.44 0.2
(226 x 6)* ’ ’
226 %12

JD20-2  150x10 180x10 200x10 430x10 250x12 0.44 0.3
(226 x6)
226 %12

JD20-3 150x10 18010 200x10 430x10 250x12 0.44 0.4
(226 x6)
226 %12

JD27-1 150x10 250x10 200x10 430x10 250x12 0.60 0.2
(226 x6)
226 %12

JD27-2  150x10 250x10 200x10 430x10 250x12 0.60 0.3
(226 x6)
226 %12

JD27-3  150x10 250x10 200x10 430x10 250x12 0.60 0.4
(226 x6)

*The data in brackets corresponds with the dimension of the panel zone; axial compression ratio represents
the ratio of section related to the abnormal joint panel zone.

Table 2 Experimental results of material properties

Plate thickness Yield stress Yield strain Tensile strength Elastic modulus Elongation

t/mm f/MPa & Jf./MPa E/MPa 0/%
6 310.5 0.001540 453.1 2.02x10° 37.5
10 285.7 0.001390 431.0 2.07x10° 43.5
12 286.4 0.001392 4493 2.07x10° 33.1

determined by coupon tensile tests as prescribed by relevant standards. The results of the tests are
summarized in Table 2.

2.3 Test setup and procedure

The basic configuration of a typical test setup and the location of instrumentations are
represented in Fig. 5. It was designed in order to simulate the conditions of the abnormal joint
within the frame structure. The specimens were pinned at the bottom end of column and beam
ends and free at the top end of column. The axial compression load was applied to the column
through a vertical jack and kept invariable during the test process, and then low cyclic reversed
load was applied to the top end of column by horizontal actuator. The out-of-plane displacements
of specimens were completely restricted.

The vertical actuator had a 1,500 kN capacity in compression, and the horizontal actuator had a
force capacity of 1,000 kN and a displacement capacity of =350 mm. The instrumentations used
in this test were the load cells, linear variable displacement transducers (LVDTs), dial gauges, and
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strain gauges. The load and displacement of the top end of column were measured respectively by
load cell and displacement transducer, which were installed in the horizontal actuator. The load of
beam ends was measured by two load cells. Measurement of the relative rotation at the panel zone
was given with particular attention. Two dial gauges were set diagonally on the top panel zone and
the bottom panel zone respectively to measure the shear deformation. Strain gauges were mounted
to capture strains adjacent to the panel zone, column web and flange and beam web and flange, as
shown in Fig. 6.

According to JGJ101-1996 (1997), the loading history for the tests was divided into two phases,
as shown in Fig. 7. At the initial phase, the tests were conducted under force control. Force
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Fig. 5 Test setup
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Fig. 7 Loading history

increments of 20 kN were used and every load level was circulated one cycle. When the specimens
started yielding, the tests were conducted under displacement control. If the yield displacement is
denoted as A, displacement increments of A, were used, and three cycles were applied at every
load level. This procedure was continued until failure of the specimens.

3. Experimental results
3.1 Failure process

Six specimens have the similar failure process. Because the panel zone was weaker than the
members, the failure of the specimen initiated at the panel zone. It can be seen from the values
measured by strain gauges that the center of the top panel zone yielded first and then the yield field
expanded slowly to the surrounding area. When the top panel zone yielded completely, the bottom
panel zone began to yield from the center, and then the yield field developed to surrounding. Fig. 8
shows the change trend of strains of the panel zone of JD27-1, in which P is the load applied to the
top end of the column and ¢ is the strains measured by strain gauges.
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Fig. 8 Strain of the panel zone (JD27-1)
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After the panel zone yielding, there were four types of failure patterns occurring in sequence
during the following loading process: (1) weld between the box beam bottom flange and the
column flange cracked (Fig. 9(a)); (2) weld between the box beam web and the column flange
cracked (Fig. 9(b)); (3) weld between the bottom diaphragm and the column flange cracked, and
then the crack propagated rapidly up to the weld between the bottom panel zone and the column
flange and down to the weld between the column web and flange (Fig. 9(c)); (4) local buckling
occurred at the top panel zone (only JD20-3, JD27-2 and JD27-3) (Fig. 9(d)).

Until the loading terminated, no yield occurred at the end of beams and columns, as shown in
Fig. 10, in which P and ¢ are the same as Fig. 8.

Analyzing the failure process of the specimens, observations can be made as follows:

(1) The section bending-stiffness of box beam is larger than that of H-shaped beam, so the
moment carried by box beam is much larger than that by H-shaped beam based on the
internal force balance of the joint. As a result, the failure of weld between the box beam
and the column is serious, and there is nearly no crack at the weld between the H-shaped
beam and the column.

(2) There is serious stress concentration at the toe of weld between the box beam and the
column, which results in the initiate of crack.

(3) Compared with the weld between the box beam top flange and the column, the weld

(N

(a) Crack of weld between the box beam (b) Crack of weld between the box beam
bottom flange and the column flange web and the column flange

v

(c) Crack of weld between the bottom diaphragm (d) Local buckling of the top panel zoned
and the column flange and its propagation

Fig. 9 Failure patterns of specimens
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Fig. 10 Strain of the beam and column ends (JD27-1)

between the box beam bottom flange and the column failed badly. The reason is that the
internal force of the box beam top flange can transfer to the H-shaped beam top flange, but
that of the box beam bottom flange can only transfer to the column. Therefore, the weld
between the box beam bottom flange and the column is in the worse mechanical state than
that between the box beam top flange and the column.

(4) The shear deformation of the top panel zone was larger than that of the bottom panel zone,
so local buckling occurred at the top panel zone rather than the bottom panel zone. For the
specimens with larger axial compression ratio, such as JD20-3 and JD27-3, local buckling
of the top panel zone occurred easily. The width-thickness ratio of the top panel zone of
JD27-2 was larger than that of JD20-2, so local buckling occurred on the former.

3.2 P-A hysteretic loops

The P-A hysteretic loops of specimens are shown in Fig. 11, in which P is the same as Fig. 8
and A is the displacement at the top end of the column. The hysteretic curves are compared, and
observations can be made as follows:

All the hysteretic loops of the abnormal joints are in a shuttle type, and as a result, the energy
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dissipated per loop is good, and all of them are stable and plentiful. However, because of the weld
cracks widening suddenly, the positive load reduced rapidly. The curves at the pushed and pulled
directions (as shown in Fig. 12) have different changing tendency in the later loading process, and
this is closely related to mechanical behaviors of the specimens, which is discussed below.
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Fig. 11 P-A hysteretic loops of specimens
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Fig. 12 Loading directions
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Fig. 13 Comparison of P-A skeleton curves of specimens

The skeleton curves of the P-A hysteretic loops are shown in Fig. 13. The curves are compared,
and it was found that the specimens-JD20 and JD27 have the similar ultimate strength respectively,
showing that when the axial compression ratio is less than 0.5, it has no significant impact on the
ultimate strength of the abnormal joints. When the axial compression ratio is equal, the ultimate
strength of specimen-JD20, of which the section depth ratio of beams is smaller, is slightly higher
than that of specimen-JD27. The loads and displacements corresponding to characteristic points of
skeleton curves are shown in Table 3. The definition of the yield point was on the basis of the
method of universal yield moment (Yao and Chen 2001).

3.3 Mechanical behaviors

Under cyclic loads, the mechanical models of the abnormal joint are shown in Fig. 14. It can be
seen that the beam flanges in tension or compression state results from the bending moment at
beam end. For the H-shaped beam, the tensile force (or compressive force) of the top flange and
the compressive force (or tensile force) of the bottom flange both act at the top panel zone; for the
box beam, the compressive force (or tensile force) of the top flange and the tensile force (or
compressive force) of the bottom flange act at the top panel zone and the bottom panel zone
respectively. Based on the models, the mechanical behaviors of the specimens are discussed as
follows:
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Table 3 Experimental results under cyclic loading

. ) . . Yield point Ultimate point
Specimen  Loading direction
P,*/kN A,/mm P, */kN A,/mm

pushed 126.6 29.3 143.6 60.0
JD20-1

pulled -141.4 24.1 -162.9 -98.0

pushed 141.3 27.8 154.0 56.0
JD20-2

pulled -128.8 -32.2 -154.2 -74.0

pushed 147.9 25.7 157.8 46.0
JD20-3

pulled -121.3 -33.8 -144.4 -64.0

pushed 126.9 26.1 142.8 48.0
JD27-1

pulled -129.2 -28.9 -152.6 -82.0

pushed 124.7 26.7 142.8 62.0
JD27-2

pulled -141.9 -26.3 -154.5 -72.0

pushed 137.8 23.7 149.2 38.0
JD27-3

pulled -130.6 -21.2 -150.0 -48.0

* P, and P, are the yield strength and ultimate strength under cyclic loading from experimental results,
A, and A, are the displacements corresponding to P, and P,, respectively

Before the weld between the bottom diaphragm and the column flange cracking, the transfer
path of the internal force is clear. The top panel zone and the bottom panel zone bear the load as a
whole. Therefore the hysteretic curves (Fig. 11) in corresponding loading cycles are almost
symmetrical at the positive and negative directions.

After the weld between the bottom diaphragm and the column flange cracking, the mechanical
behaviors of the panel zone are different from the previous behaviors. When the top end of the
column is pushed, the tensile force of the box beam bottom flange makes the weld cracks open and
propagate (Fig. 15(a)), and doesn’t act at the bottom panel zone. The tensile force of the H-shaped
beam top flange as well as the compressive force of the H-shaped beam bottom flange and the box
beam top flange act at the top panel zone. In this case only the top panel zone bears the load while
the bottom panel zone is almost out of work. Because the top panel zone has yielded, the positive
loads applied to the specimens change insignificantly in these loading cycles, as shown in Fig. 11.
When the top end of the column is pulled, the compressive force of the box beam bottom flange
makes the weld cracks close firstly, and the bottom panel zone is still out of work. After the weld
cracks are closed (Fig. 15(b)), the compressive force of the box beam bottom flange can act at the
bottom panel zone, and the top panel zone and the bottom panel zone can bear the load as a whole.
As a result, the negative loads applied to the specimens increased quickly at the later stage of
every cycle, as shown in Fig. 11.

3.4 Shear deformation of panel zone

It can be seen from Fig. 14 that the shear force carried by the top panel zone and the bottom
panel zone can be expressed as Egs. (2) and (3) respectively.
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In which Vi, and Viouom are the shear force carried by the top panel zone and the bottom panel
zone respectively, M, and M, are the bending moment carried by the H-shaped beam and the box
beam respectively, /;,; and &y, are the depths of the H-shaped beam and the box beam respectively,
0.1 and Q,, are the shear force carried by the column, Q.1 = Q.».

The shear deformation occurs at the panel zone under the shear force. Fig. 16 shows the shear
deformation of the panel zone (Ciutina and Dubina 2008). It can be seen that the panel zone
changes from rectangle to rhombus periodically under cyclic loads. Through measuring the
changing diagonal length of the panel zone, the panel zone rotation, that is the shear deformation
of the panel zone, can be calculated according to Egs. (4)-(7).
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Fig. 17 Patterns about shear deformation of panel zone and global deformation of abnormal joint (JD20-2)
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In which y is the panel zone rotation, (d, + ;) and (J, + J%) are the relative displacements (in
absolute value) recorded by dial gauges, ¢ and b are the vertical and horizontal dimensions
between the measuring points.

The pattern about shear deformations of the panel zone as well as global deformations of the
abnormal joint at the last loading cycle is shown in Fig. 17. Based on the experimental results, the
relationship between the shear deformation and the shear force of the panel zone is obtained, as
shown in Fig. 18. Observations can be made as follows:



Cyclic test for beam-to-column abnormal joints in steel moment-resisting frames 1191

=z 3004 Z, 200
%5 0 g 04
=" 3004 505200 4
_600 4 -400
-900 = -600

-1200 T T T T T T T T -800 T T T T T T T
-0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05 -0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03

;:up/rad ¥ /rad

hottom

(a) Top panel zone (b) Bottom panel zone

Fig. 18 Hysteretic loops of rotation and shear force of the panel zone (JD20-2)

e The shear deformation of the top panel zone increased continuously at both loading
directions, and the maximum of rotation could reach to 0.04 rad, showing good deformation
capacity. Before the weld between the bottom diaphragm and the column flange cracking,
the rotation of the bottom panel zone increased regularly and the synchronous deformation
was about 0.01 rad smaller than that of the top panel zone. After the weld cracking, however,
the deformation increased in one direction only. It can be seen that the top panel zone and
the bottom panel zone don’t work as a whole, although they are both the panel zone.

e The changing tendency of the shear force carried by the top panel zone and the bottom panel
zone is similar to that of the load applied to the specimens, which is mainly affected by
mechanical behaviors.

3.5 Shear strength calculation of panel zone

Comparing Eq. (2) with Eq. (3), it can be seen that the shear force carried by the top panel zone
is much lager than that by the bottom panel zone, which can be confirmed through the
experimental results (Fig. 16). So the shear strength of the abnormal joint panel zone depends on
the top panel zone.

AISC (2005) specifies that the shear strength of the normal joint panel zone can be calculated
by the following equation

( 3b,,1 }
I/u = O‘6fyd0tw 1+— (8)
db c'w
In which f, is the yield strength of material, d. is the depth of the column, 7, is the web
thickness of the panel zone, b is the width of the column flange, 7. is the thickness of the column
flange, d, is the depth of the beam.

The second term in the bracket accounts for the contribution of the column flanges (Sherif
2000). Plugging the corresponding data into Egs. (2) and (8) respectively, the maximum value of
the shear force carried by the top panel zone (Vo;™) in the test and the shear strength of the top
panel zone (V. ) according to the calculated method of normal joint can be obtained, as shown in

u
op
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Table 4. The ratio of V, ;"™ and Vg, is also listed in the Table. It can be seen that V,;™ is much
larger than Vg, which indicating that the shear strength of the abnormal joint panel zone is larger
than that of the normal joint panel zone with the same condition, and the equation for shear
strength of the normal joint panel zone, provided by AISC specification, is no longer applicable to
the abnormal joint. It can be explained as the result of the restriction of the bottom panel zone to
the top panel zone. In the loading process, the top panel zone yields firstly. At this time, the
bottom panel zone doesn’t yield, and it can still bear the load and the shear deformation is small.
So the bottom panel zone can restrict the shear deformation of the top panel zone, which makes the
shear force carried by the top panel zone increase continuously. When the bottom panel zone
yields completely, the shear force carried by the top panel zone can reach the maximum.

Comparing between the ratio of Vg™ and Vg , it can be found that the values of
specimen-JD20 are larger than those of specimen-JD27, which shows that the restriction of the
bottom panel zone to the top panel zone of specimen-JD20 is stronger than that of specimen-JD27.
So it can be concluded that the restriction becomes stronger with the decrease of the section depth
ratio of beams.

Based on the equation for the shear strength of the normal joint panel zone given by AISC
specification and taking the restriction of the bottom panel zone into consideration, the proposed
equation for the shear strength of the abnormal joint panel zone is established as

V. =0.6fd.t {Hﬁma—ﬂ)} 9)
u . yrctw d d

b1%ctw

In which «a is the influence coefficient considering the restriction of the bottom panel zone to
the top panel zone, the implication of other symbols is the same as those in Egs. (1) and (8).

o is an undetermined coefficient and can be worked out inversely according to Eq. (9) and the
experimental results, as shown in Fig. 19 and Table 5.

Based on Table 5, o can be approximately determined as 1, and then Eq. (9) can be expressed
as

3bcftff
V,=0.6f,dt,| 2+~ (10)

b1%ctw

Eq. (10) is the equation for the shear strength of the abnormal joint panel zone, and is available
for the design of beam-to-column abnormal joint in the steel moment-resisting frame. However, it
should be noted that the equation is only suitable for the abnormal joint of the H-shaped or box
column and beams with different depths, and the axial compression ratio should be less than 0.5.
In addition, £ should be limited, because if the value is too small, the height of the bottom panel

Table 4 Calculated results of the top panel zone

Specimen JD20-1 JD20-2 JD20-3 ID27-1 ID27-2 ID27-3
Ve (kN) 965.7 960.5 1006.0 862.1 877.7 805.5
Vi (KN) 659.5 659.5 659.5 633.4 633.4 633.4

po [y 1.464 1.456 1.525 1361 1.386 1272

top




Take ¥V, as the maximum value

Table 5 Determination of coefficient a
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of the shear force carried by | R=V,
the panel zone in the tests :|—) R3=Ri/R;
Ry=0.6f,d .t Rs=Rs-1-Ry
R = s i a=Rs/Rs
=
db] dcrw R5: 1 -ﬁ

Fig. 19 Flow chart for determination of coefficient «

Specimen R, R, R; Ry Rs R o Average of a
JD20-1 965.7 558.9 1.728 0.180 0.548 0.56 0.979
JD20-2 960.5 558.9 1.719 0.180 0.543 0.56 0.970
JD20-3 1006.0 558.9 1.800 0.180 0.620 0.56 1.107 0.990
JD27-1 862.1 558.9 1.542 0.133 0.409 0.40 1.023
JD27-2 877.7 558.9 1.570 0.133 0.437 0.40 1.093
JD27-3 805.5 558.9 1.441 0.133 0.308 0.40 0.770

zone is large, and its restriction to the top panel zone may not be proportional to (1 —jf); if the
value is too large, the height of the bottom panel zone is small, and its restriction is small, even can
be ignored. Therefore, based on the test, the suggested range of £ is 0.4 < 5 < 0.8. Take f as 0.4, if
£ <0.4; take f as 0.8, if §>0.8.

4. Conclusions

The purpose of this investigation was to study the cyclic behavior of the abnormal joint of box
column with H-shaped beam and box beam. Based on the experimental results described in this
paper, the following conclusions can be drawn:

e For all the specimens, the first signs of yielding occurred at the center of the top panel zone.

After the panel zone yielding completely, there were four types of failure patterns occurring
in sequence during the following loading process. There was almost no yield at the end of
the beams and the columns until the tests terminated.

The P-A hysteretic loops are in a shuttle shape, but the curves at the pushed and pulled
directions have different changing tendency in the later of loading process, which is closely
related to the mechanical behaviors.

When the axial compression ratio is less than 0.5, there is no significant impact on the
ultimate strength of the specimens. With the decrease of the section depth ratio of beams,
the ultimate strength tends to increase.

The mechanical behaviors of the specimens were impacted greatly by the crack of weld
between the bottom diaphragm and the column flange as well as its propagation. When the
crack is open, the internal force of the box beam bottom flange can’t act at the bottom panel
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zone, and only the top panel zone bears the load; when the crack is closed, the internal force
of the box bottom flange can act at the bottom panel zone, and the top panel zone and the
bottom panel zone can bear the load as a whole.

e The top panel zone has good deformation capacity, and the maximum rotation can reach to
0.04rad. The rotation of the bottom panel zone is smaller than that of the top panel zone.
The top panel zone and the bottom panel zone don’t work as a whole.

e The bottom panel zone can restrict the shear deformation of the top panel zone, resulting in
that the shear strength of the abnormal joint panel zone is larger than that of the normal joint
panel zone. So the equation for the shear strength of the normal joint panel zone, provided
by AISC specification, is no longer applicable to the abnormal joint, and a new equation for
the shear strength of the abnormal joint panel zone is proposed.
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