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SUMMARY:

We conducted a cyclic shear force experiment on cross-shaped frames for the eccentric beam-column joints of
super-high-rise RC buildings. This experiment was aimed to clarify the influence of the eccentricity distance on
the shear strength of joints, by varying the shear forces applied to beam-column joints. From the results, a certain
reduction in shear strength was observed in the specimens with large eccentricity distance. However, if the
eccentricity distance was limited so that the effective width of column remained below one-fourth of the column
depth on either side of the beam, the influence of eccentric beam-column joints on the shear strength of joints
was found to be insignificant. The reduction in joint shear strength of the specimens was less than the calculated
value using past proposal equations. Consequently, a modified equation was suggested for the shear strength
calculation of beam-column joints with eccentricity, which gave a more accurate estimation for seismic design.
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1. INTRODUCTION

The 1995 Hyogoken-Nanbu Earthquake caused extensive damage to the interior joints of outer
peripheral frames in reinforced concrete (RC) buildings. This damage was attributed to the reduction
in shear strength of the joints caused by the eccentric beam-column joints in outer peripheral frames.
However, this reduction in shear strength of joints resulting from the eccentricity between column
center and beam center is a problem occurring not only in existing RC buildings but possibly also in
super-high-rise RC buildings, which refers to the buildings that have more than 60m height in Japan. It
has also been pointed out that the beam-column joints constructed using high-strength concrete were
liable to be influenced by the torsional moment caused by eccentricity (BRI 1996 and AlJ 1998).

With this background, we conducted a cyclic shear force test on cross-shaped frames for the eccentric
joints of super-high-rise RC buildings, of which there are few existing test examples in Japan. In
particular, the test was aimed at experimentally clarifying the influence of the eccentricity distance on
the shear strength of beam-column joints, by varying the shear forces applied to beam-column joints.
In addition, the compatibility of the existing formulations for the estimation of beam-column joint
shear strength with eccentricity was checked against the test results.

2. EXPERIMENTAL PROGRAM

2.1. Specimens and Material Properties

Table 2.1 shows the structural specifications of each specimen. The specimens were about half the size
of the actual frames, consisting of eight cross-shaped frame specimens where the beam centers on both

sides were eccentrically fixed equidistant from the column center of super-high-rise RC buildings. Fig.
2.1 indicates the shape and dimensions of each specimen along with an example of the reinforcing bar



arrangement.

The variables of the specimens were classified into two main categories, depending on the magnitude
of shear forces applied to joints based on the calculated beam flexural yield strength of specimens
without eccentricity; i.e. beam flexural yield preceding type (“Series B” hereafter) and the joint shear
failure type (“Series J” hereafter). In each series, the eccentricity between beam and column
centrelines e was determined to be 0, 50, 100mm, and the eccentricity ratio (e/b., b.: column width) to
be 0, 0.11, 0.22 respectively. When e =100mm, the outer surface of the column coincides with that of
the beam. Additionally, under the same condition of ¢ =100mm, the torsional confinement effect was
verified when beams were provided with slabs.

Table 2.1. Stuctural spcifications of test specimens

Specimen B0 | B5 | B10 | B-10S | J0 | J5 [ J-10 | J-10S
Column size bce xhe =450mm x 400mm
Column main bars 14-D19 (#6) (USDG68S), Ast/Ag =2.23%
Hoops PC steel bars 4-RB6.2 @50 ( SBPD1275/1420), ph =0.53%

Joint reinforcement layers

5 sets, Each layer consists of 4-RB6.2 joint hoops

Beam size bb X hb =250mm x 400mm bb x hb =250mm x 400mm
Beam main bars Top and Bottom 6-D19( #6) ( SD490) Top and Bottom 6-D19( #6) ( USD685)
Stirrups 2-RB6.2 @50, ps=0.48% 4-RB6.2 @50, ps=0.96%
Eccentricity, e (mm) 0 [ 50 [ 100 100 0 | 5 | 100 100
Floor slabs Without With Without With
Assumed failure mode Series B (Beam flexural failure) Series J (Joint shear failure)

Common points Span( /5) =2600mm, Story height( /c) =1800mm, Axial stress =0.2fc'(fc '=60N/mm”)

Notation: b ¢ ( 4 c¢) =column width (depth), b5 ( 4 b) =beam width (depth)
A st =total area of longitudinal reinforcement, 4 g =gross area of column cross-section

ph( ps)=shear reinforcement ratio for hoops (stirrups), fc' =compressive strength of concrete
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Figure 2.1. Dimensions and reinforcing details for specimens (All dimensions in mm)



Both top and bottom main reinforcing bars of the beams were 6-D19 (#6), with nominal yield strength
of 1, =490N/mm* (SD490) and 5 =685N/mm” (USD685) were used for Series B specimens and Series
J specimens, respectively. Based on this, it was possible to vary the shear forces applied to the joints
of specimens. The design nominal strength of concrete ( f.”) was 60N/mm’. Using crushed stones with
a maximum size of @ =13 mm as coarse aggregates, concrete with a design slump flow of 55-60cm
was mixed. Tables 2.2 and 2.3 show the mechanical properties of the reinforcing bars and concrete
used.

Table 2.2. Properties of reinforcing bars Table 2.3. Properties of concrete
fy &y fi Eq el fe' E. i

Bar size N/mm’ - N/mm? | kKN/mm?*| % Specimen | N/mm® | kN/mm?® | N/mm’
#6:D19 (USD685)" | 746 | 0.0055| 1011 202 12 B-0, J-0 54.6 30.1 3.90
#6:D19 (SD490)"" | 522 | 0.0028 | 683 197 | 18 B-5,J-5 55.4 29.8 3.82
#6:D19 (USD685)™| 710 | 0.0056 | 928 185 12 B-10, J-10 57.0 30.6 4.20
Shear reinforcement | 1276 | 0.0077 | 1453 199 5 B-10S, J-10S 58.4 30.7 4.54
RB6.2mm* Taken as the 0.2% proof stress. f.' =concrete cylinder compressive strength
+Column main bar, ++Beam main bar E . =elastic modulus of concrete
*PC steel bar, nominal diameter of a bar is 6.2mm. f+ =splitting strength of concrete

[y (¢&,) =yield strength ( strain), f;, =maximum strength
E ; =elastic modulus, e/ . =elongation

2.2. Test Setup and Loading Sequence

The loading method was as follows: column inflection point locations were pin- and roller-supported,
so the loads were applied in the opposite direction to make the deformation anti-symmetric at the
inflection points of the both beams. This loading was followed by repeated positive and negative
alternate loading while monitoring beam displacement. During these loading operations, a constant
axial force (P =0.2 f.’b.h. =2160 kN) was continuously applied on the top of the upper column. Each
loading was applied to the column and beam center locations, thereby restraining the torsion at the
inflection points of each member. Fig. 2.2 shows a view of the test setup.

Fig. 2.3 is an illustration of loading cycles. Loading process was controlled by means of story drift
angle (R =2d/l,, £06: sum of beam displacement, /,: total beam span length) repetitively once every R
=42.5/1000 and £5/1000, and twice every £10/1000, £20/1000, £30/1000, and +40/1000, followed by
further loading up to +50/1000, thus completing the loading.
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Figure 2.2. Test setup Figure 2.3. Loading sequence



3. OUTLINE OF TEST RESULTS

Table 3.1 shows the story shear force (V.) and story drift angle (R) when shear cracks occurred in
joints, when the second layer main reinforcing bars of the beams reached flexural yield, and when the
loading reached its maximum. Fig. 3.1 indicates the story shear force (V) versus story drift angle (R)
hysteretic curves for all specimens. Fig. 3.2 illustrates the crack patterns of some specimens at the
final loading stage. For convenience in this paper, the side where beams are eccentrically fixed is
called the “front side”, while the opposite side is called the “reverse side”.

For the calculation of specimens, the following Eqn. 3.1 (AlJ 1999) was used for estimating the shear
strength of joints V},. In this case, however, the correction factor ¢, which consider the influence of
transverse beams, was set to 1.0. Deriving the effective width of joint b, from the following Eqn. 3.2
(ALJ 1999) revealed also that the effective column width (b1, b,2) was in agreement with 1/4 of the
column depth even when the eccentricity distance of the specimens was its maximum. Accordingly,
calculation of the shear strength of beam-column joints 7}, using Eqn. 3.1, with the joint width
calculated by Eqn. 3.2 confirms that there was no reduction in the shear strength of joints caused by
the eccentricity in the specimens for this study (see Table 3.1).

Vi=x+¢-08(£)" b+ D (3.1)

where, x: factor dependent on shape of beam-column joint, equal to 1.0 for a cross-shape interior
beam-column joint; ¢: correction factor, equal to 1.0 with transverse beams, 0.85 without transverse
beams; f.’(in MPa): compressive strength of concrete of joint; D;: column depth (4.); and b;:effective
width of joint given by Eqn. 3.2.

b= by + b1 + bay, b= min (ho/4, bi/2) (3.2)

where, b, denotes the beam width, b,, and b, denote the smaller of 1/4 of column depth (%.) and 1/2 of
distance between beam and column faces on the one side and another side of a beam (bland 52).

Table 3.1. Experimental results of specimens

Speci fe! N crVe crR crVe crVe | ybe VR ybe yVe |maxVe | maxR | maxVe | _maxVe
pectmen KN | 1/1000 |(cal) kN|cr¥e(cal)| kN | 1/1000 |(cal) kN| y¥e(cal) | kN | 1/1000 | (cal) kN|m Ve (cal)
+| 2959 8.45 1.00 388.3] 14.62 1.09 396.8| 17.71 0.96
gl 346 —| -253.4| -6.15 297.1 0.85 -368.7| -15.42 3551 1.04 -388.3| -20.05 414.9 0.94
+| 2114 5.02 0.71 380.3| 14.65 1.07 403.7| 30.05 0.96
B-S 354 —| -208.2| -5.02 2984 0.70 -362.8| -15.45 3554 1.02 -387.8| -20.08 419.1 0.93
+| 1779 4.04 0.59 359.1| 14.61 1.01 392.0/ 28.89 0.92
B-10 370 —| -165.2| -4.06 3011 0.55 -350.6| -17.71 336.1 0.98 -374.0| -30.01 421.6 0.87
+| 1514 3.11 0.50 388.3] 16.92 1.06 413.3| 30.05 0.95
- 58.4 303.3 366.5 4349 (———
AL —| -133.3] -2.48 0.44 -366.5| -17.72 1.00 -389.9| -30.04 0.90
+| 276.3 7.35 0.93 4499| 28.94 0.94 453.7| 30.10 1.09
J-0 >4.6 —| -202.9| -4.62 2971 0.68 -433.4| -30.08 478.7 0.91 -438.2| -20.05 414.9 1.06
+| 213.6 5.03 0.72 413.3| 38.55 0.86 457.9| 30.10 1.09
J-5 354 —| -202.9| -4.83 2984 0.68 -383.5| -38.50 479.3 0.80 -429.1| -30.09 419.1 1.02
+| 127.0 2.32 0.42 400.0| 38.53 0.84 435.1| 30.11 1.02
- . 1.1 478.4 427.6 F————
Al 37.0 —| -1179| -2.32 30 0.39 -386.7| -40.02 78 0.81 -414.3| -30.02 76 0.97
+| 215.2 4.98 0.71 424.4| 35.46 0.85 466.9| 30.08 1.07
- 58.4 303.3 496.8 4349 (—F—
J-108 —| -127.5| -2.33 0.42 -392.0| -35.42 0.79 -433.5] -30.00 1.00
Notaion: fc' = concrete cylinder compressive strength
crVe(crR) = story shear force (drift angle) at the first cracking on the front side of joint
crVe (cal) = calculated story shear force by the equation of principal stress
yVe(yR) = story shear force (drift angle) at the yield of 2nd layer main reinfocing bar of beam
yVe (cal) = calculated story shear force by the flexural analysis
maxVe ( maxR) = story shear force (drift angle) at the maximum loading
maxVe (cal) = calculated story shear force by using Eqns. 3.1 and 3.2. ( AIJ 1999, ¢=1.0)

maxVe(cal) = Vi l{(y=h) jiy 1./ 1,~1}
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Figure 3.1. Load-versus-displacement hysteretic curves for all specimens
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Figure 3.2. Crack patterns of eccentric joints

3.1. Process of Crack and Failure in Series B

As shown in Table 3.1, shear cracks on the front side of joints in Series B specimens, in which beam
flexural yield preceding type was assumed, were generated more in the specimens with larger
eccentricity even when the story drift angle was small. This was attributed to an effect of the torsional
moment generated in eccentric joints. Thereafter, the generation of shear cracks was concentrated on
the front side of joints, but the damage on the reverse side of joints remained slight up to final loading
(see Fig. 3.2).

As can be seen from Table 3.1, the main reinforcing bars of beams reached flexural yield up to the
second layer approximately at R=+15/1000 in all of the Series B specimens. However, in the B-0
specimen without eccentricity, the main reinforcing bars of beams reached yielding on both sides at
almost the same time. On the other hand, in the other specimens with eccentricity, the larger the
eccentricity ratio was, the more the yielding of main reinforcing bars of the beams on the reverse side
only tended to occur first. As a result, no explicit yield stage is found in the positive side hysteresis
curves in the specimens B-10 and B-10S even when comparing the V.-R relationship shown in Fig.
3.1.

The smallest story shear force at maximum positive loading, which was observed in specimen B-10,
was found to be around 99% of that of B-0 without eccentricity. The test results showed that while for
specimen B-0 without eccentricity the story drift angle at maximum positive loading was R=+18/1000,
for specimens with joint eccentricity it was reached approximately R=+30/1000. The final failure
pattern of each specimen was identified as flexural failure of beams at the faces of column, but large
shear deformation was observed on the front side of joints in the specimens with eccentricity.

3.2. Process of Crack and Failure in Series J

In the Series J specimens in which the joint shear failure was assumed to occur before the beam
flexural yielding, shear cracks were observed at R=+2.5/1000 on the front side of joints in specimens
J-10 and J-10S with large eccentricity ratios. From then up to R=£20/1000, the shear cracks on the
front side of joints in each specimen propagated to almost the whole joint, reaching also to the upper
and lower columns. Thereafter, concrete gradually peeled off at the front side central area of joints,
and crushing of concrete also started to occur in beams at the faces of column.

Meanwhile, the occurrence of cracks on the reverse side of joints was found to be similar to that on the
front side in the specimen J-0 without eccentricity, but was fairly different from that seen on the front
side in specimens with eccentricity. Namely, the larger the eccentricity ratios of the specimens, the
smaller the number of shear cracks generated on the reverse side of joints, and the crack angles



observed were fairly close to the vertical direction. While the damage on the reverse side of joints was
insignificant, there was some remarkable degree of crushing concrete in beams at the column faces.
The same tendency was observed in Series B specimens although there were some differences in the
crushing concrete levels.

The story drift angle at maximum positive loading was approximately R=+30/1000 in all the
specimens, and the smallest story shear force was observed in specimen J-10 which represents 96% of
that obtained for specimen J-0 without eccentricity. The decay of the story shear forces after the peak
loading was gradual, and while the final failure pattern of each specimen identified as joint shear
failure, the crushing of concrete observed in the beams at the faces of column of the reverse side was
significant in the specimens with eccentricity.

4. SHEAR STRENGTH EVALUATION OF ECCENTRIC BEAM-COLUMN JOINTS

This section evaluates the shear strength of beam-column joints for the specimens used for this study.
Researches on eccentric beam-column joints conducted in Japan in the past showed that generally
simplified approaches have been used for estimating the shear strength of joints. First, the effective
joint width b;was defined as the value obtained by subtracting eccentricity distance e from the average
of column width b, and beam width b,. This approach can be expressed by Eqn. 4.1 in substitution for
Eqn. 3.2. Next, the calculation of the shear strength reduction ratio S, given by Eqn. 4.2 was proposed
(ALJ 1998 and Hirosawa 2000), when the shear force and torsional moment act together on eccentric
beam-column joints.

b =(b.+by)/2-e (4.1)
B = {1+ V,l T " (4.2)
Ty, ={0.8(£.)"°+0.45p; - £,4B>- D, (f.’, f,;in kgf/lem®, B, D in cm) 4.3)
Vi =2M,/j,—V. (4.4)
Ve =2M,/ (y—he) - Iy /1., M,=0.94, - f, - d, (f,in MPa) (4.5)

where, Vj,: shear capacity of beam-column joints (Eqn. 3.1); 7j,: pure torsional capacity of beam-
column joints; p; and f;: shear reinforcement ratio considering only the outer hoops of beam-column
joint and the yield strength; B and D: the short and long dimension of a rectangular column section in
the joint, respectively (here, B=h., D=b, in this experiment); V: shear force induced to beam-column
joint based on the calculated beam flexural yield strength; j,: assumed moment arms at both
beam-column interfaces; /,: total beam span length; /.: total column height; 4, and f,: area of main
reinforcing bars on flexural tension side of beam and the yield strength; and d: effective depth of
beam.

Fig. 4.1 shows the ratios of the calculated shear strength values V1, V},2 and V},3 to the induced joint
shear forces V; in relation to eccentricity distance e (=0, 50, 100mm). The joint shear strength value
Viul, V2 and V;,3 were calculated based on Eqn. 3.1, using Eqn. 4.1 or Eqn. 4.2. The induced joint
shear forces V; were calculated based on the beam flexural strength by Eq. 4.4, ignoring the influence
of the slab reinforcements.

Fig. 4.1 shows the results obtained from applying these equations to the Series B and Series J
specimens. In this particular case, taking into account that Eqn. 3.1 is an equation for structural design,
¢ =0.85 was used as correction factor to consider the influence of the transverse beams. It was also
assumed that the concrete compressive strength f.” =60N/mm” was constant for all joints. Moreover,
the ratio of joint shear force ,..Vj(exp) at the experimental maximum loading, to the induced joint
shear force V;, is also presented in Fig. 4.1.

The shear strength of beam-column joints V),1, indicated in Fig. 4.1 by dotted lines, was calculated
using Eqn. 3.1, where the effective width of joints was obtained by Eqn. 4.1 in substitution for Eqn.
3.2. This approach reduces the effective joint width b;by just the eccentricity distance. Thus, the shear



strength’s calculated values V,1, in which the concrete compressive strength f.” was assumed constant,
became smaller in proportion to the eccentricity distance e. This approach gives a conservative
estimation for the experimental values derived from this test, but leads to a considerable
underestimation for the experimental values obtained from the specimens with large eccentricity
distance.

To derive the shear strength of beam-column joints V2 indicated in Fig. 4.1 by broken lines, after
calculating the shear strength of joints using Eqn. 3.1, the shear strength of eccentric joints is reduced
by applying the reduction factor S, given by Eqn. 4.2. While the reduction in shear strength of joints
was slight for specimens with eccentricity distance of e =50mm (eccentricity ratio 0.11), for specimens
with eccentricity distance of ¢ =100 mm (eccentricity ratio 0.22), the reduction in shear strength turned
out to be higher. For the experimental values in this test, the values thus obtained tend to be a slightly
underestimated, although not so much as V1.

The value of V},3 indicated in Fig. 4.1 by the solid lines is derived from calculating the shear strength
of beam-column joints by Eqn. 3.1 (AlJ 1999). As indicated previously, once the effective joint width
b; was determined by Eqn. 3.2, this effective joint width b, came to the same value as in the case
without eccentricity in the specimens used for this study, even when the eccentricity distance was e
=100mm. Therefore, as far as the concrete compressive strength of beam-column joints f.” is kept
constant, the joint shear strength’s calculated values V},3 defined herein result in no reduction in the
shear strength of joints caused by eccentricity. In the specimens B-10S and J-10S of eccentricity
distance e =100mm with slabs, no reduction was observed in shear strength of beam-column joints at
the maximum loading in this test in comparison with the respective specimens without eccentricity.
Meanwhile, a slight reduction in the shear strength of joints at the maximum loading was observed in
the specimens B-10 and J-10 of e =100mm without slabs.
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Note: All the presented values are calculated based on Eqn. 3.1, however its use, defined as the AIJ procedures,
is modified as it is summarized below: i)V},1 is calculated considering the effective joint width b;, defined
according to Eqn. 4.1 (instead of Eqn. 3.2), ii)V;,2 is the shear strength, defined according to Eqn. 3.1, which is
reduced by factor £, proposed in Eqn. 4.2, iii)V},3 is the shear strength, defined according to the AlJ procedures,
using Eqns. 3.1 and 3.2, iv)}},2’ is the reduced shear strength, calculated in the same manner as V},2, however
the reduction factor S, (see Eqn.4.2) is defined based on the “ virfual ” eccentricity distance e’.

Figure 4.1. Relationship between the shear strength of beam-column joints and eccentricity distance

The above results show that, for eccentric beam-column joints with an approximate concrete
compressive strength of 60N/mm’, the reduction in shear strength of joints due to eccentricity can be
kept small if the eccentricity distance is limited so that the effective column width remains below 1/4
of the column depth /4. Also, a reduction of the joint torsion effect can be expected due to the slab
restrain effect. In this particular case it may be necessary to set a more relaxed reduction factor than
the reduction factor £, given in Eqn. 4.2, which is an equation used for structural design.



Now, assuming that the effective joint width b; determined by Eqn. 3.2 is the virtual beam width (b,’=
b)), the distance between this virtual beam center and column center is established as virtual
eccentricity distance e’. Then, the reduction factor is relaxed by replacing the eccentricity distance e
given in Eqn. 4.2, which is used to derive the eccentric joint’s shear strength reduction factor £, with
this virtual eccentricity distance e’. V;,2” thus calculated is shown in Fig. 4.1 by the chain line. From

the structural design standpoint, this degree of reduction in shear strength of beam-column joints is
considered to be satisfactory.

As shown in the previous section, the decrease in joint shear strength due to eccentricity was small in
both tests of the beam flexural failure type (Series B) and joint shear failure type (Series J) specimens.
Then, the evaluation similar to the previous section was performed of the past experiments on
beam-column joints with eccentricity. 32 specimens were selected from the 8 experimental studies on
cross-shaped frame tests for the eccentric beam-column joints since 1991 in Japan, 21 specimens were
beam-column joints with eccentricity, and the rest tested at the same time were without eccentricity.
Furthermore, the 8 specimens of this experimental program, including the 6 eccentric beam-column
joint specimens, were added and 40 specimens in total were evaluated.

For the 40 selected specimens, the joint shear strength values V), 1, V2, V;,3 and V},2’ calculated in the
same manner as shown in Fig. 4.1, were compared with joint shear force ,,..V(exp) at the experimental
maximum loading. The experimental value on the vertical axis and the calculated value on the

horizontal axis were divided by the induced joint shear force (V;) when the beam reached the flexural
strength, as shown in Fig. 4.2.
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Notation: *B-Type for beam flexural failure; ** J-Type for joint shear failure.

maxV(€xp)=joint shear force at the maximum loading (experimental value)
V; is given in Eqns. 4.4 and 4.5.

Figure 4.2. Correlation of experimental and predicted beam-column joints shear strengths for 40 specimens



According to the results showed in Fig. 4.2(a) and (b), the calculated joint shear strength values are
approximately 1.3 times the experimental values ,./j(exp), and are located on the safety side.
However, Fig. 4.2(a) and (b) showed the tendency to underestimate not only the test results of this
experiment, as illustrated in Fig. 4.1, but also the test results of the specimens from other research
programs. On the other hand, as shown in Fig. 4.2(d) the relationship between the experimental value
narVj(€xp) and the calculated value V7,2’ has a better approximation when the eccentric beam-column
joint’s shear strength reduction factor S, with virtual eccentricity distance e’ is used. Using this factor,
the test results that were located on the risk side as shown in Fig. 4.2 (¢), shifted to the safety side as is
shown in Fig. 4.2(d).

5. CONCLUSIONS

For the eccentric beam-column joints of super-high-rise RC buildings, shear force loading tests were
conducted on cross-shaped frames with the eccentricity distance between column center and beam
center, and the magnitude of shear force applied to joints as variables. The findings of the tests were as
follows.

1. Due to the influence of torsional moment, shear cracks in joints on the beam eccentrically-fixed side
were generated such that the larger the eccentricity of the specimens, the more the cracks were
generated even though for small story drift angle.

2. In the specimens where flexural yield of beams was assumed to occur prior the beam-column joints
shear failure, all the specimens exhibited flexural failure of beams at the faces of column. In the
specimens with eccentricity, flexural yield of beams preceded on the side opposite to the beam
eccentrically-fixed side.

3. The specimens, where shear failure in beam-column joints was assumed to occur before the flexural
yield of beams, exhibited shear failure in joints regardless of the existence of eccentricity. The damage
of joints on the side opposite the beam eccentrically-fixed side was insignificant, but the crushing of
concrete in the beams at the faces of column was found to be significant.

4. Even when beams were eccentrically fixed with columns like the specimens used for this study, the
reduction in shear strength of joints remained insignificant if the eccentricity distance was limited so
that the effective column width was kept less than about one-fourth of the column depth.

5. From the past experimental studies that targeted the eccentric beam-column joints, we estimated the
degradation of beam-column joint shear strength due to the eccentricity. According to this, it was
appropriate to apply a reduction factor for the calculation of the shear strength of eccentric
beam-column joints, assuming that the effective joint width, obtained from Eqn. 2.2, is the virtual
beam width, and that the distance between this virtual beam center and column center is the virtual
eccentricity distance.
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