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Abstract

Recently, there is a great demand for precast reinforced concrete (RC) construction methods on the purpose of simplicity in construction.
Nishimatsu Construction Company has developed a construction method with precast reinforced concrete members in medium-rise building.
In this construction method, how to joint pracast members, especially the anchorage of the main bar of beam, is important problem.

In this study, the structurat performance of exterior joints with precast members was investigated. The parameters of the test specimens are
anchorage type of the main bar of beam (U-shape anchorage or anchorage plate) and the ratio of the column axial force 1o the column
strength. Specimens J-3 and J-4 used UJ-shape anchorage and the ratio of the column axial force of spaecimen J-4 was higher. On the other
hand, specimens J-5 and J-6 used anchorage plate, and the anchorage lengths are 15d and 18d, respectively.

Experimental results are summarized as follows; 1) For the jaints with beam flexurat failure mode, it was found that the maximum strength of
specimen with ancharage plate is equal to ar larger than that of specimen with conventional U-shaped anchorage if the anchorage Jangth of
more than 15d would be ensurad. 2) Each specimen shows stable hysterstic curves and there were no notable effects on the hysteretic
characteristics and the maximum strength caused by the anchorage method of beam main bar and the difference of column axial stress level.
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1. INTRODUCTION

Recently, there is a great demand for precast RC con-
struction methods on the purpose of simplicity in con-
struction. Nishimatsu Construction Company has devel-
oped a construction method with precast reinforced con-
crete members in medium-rise building and the structural
performance of precast beam or column was examined
(lizuka, S. et al., 1995; lizuka, S. et al., 1997).

In the previous study, the strength of precast column is
equal to or larger than that of column casted in the field
(for example, Okamoto, M. et al, 1997). For a precast
or half-precast beam, there were many experiments and
they showed a good structural performance (for example,
Hayashi, S. et al, 1996). However, There is little infor-
mation about the effect of anchorage on strength and de-
formation of precast beam column joints.

In this construction method, how to joint precast mem-
bers, especially the anchorage of the main bar of beam, is
important problem. Usually, through joint method for the
upper bar and bending method to the column for the bot-
tom bar are used in the interior precast beam column joints
(Matsumoto, T. et al, 1997). However, in the exterior
joints, using anchorage plate is a general practice.

In this study, the structural performance of exterior
joints with precast members was investigated, The
parameters of the test specimens are anchorage methods of
the main bar of beam (U-shape anchorage and anchorage
plate), and the ratio of the column axial force to the col-
umn strength (0.1 and 0.4). The purpose of this study is
to investigate the structural performance of exterior precast
beam column joints with U-shape anchorage and an-
chorage plate.

2. OUTLINE OF EXPERIMENTS

2.1 Test Specimens

Table 1 shows the properties of the four specimens,
which are designed to have flexural failure mode. The
test parameters are anchorage methods and the ratio of the
column axial force to the column strength.

Fig.l shows the shape of the specimens J-3 and J-4.
The span and story height are 3.5m and 2m which are
about half scale of real building (the size of the specimen
is 2257.5mm in length and 1530mm in height). The
beam and column are precast RC members and only the
concrete in the joint and the upper part of the beam was
cast in the field. Specimens J-3 and J-4 used U-shape
anchorage and the ratio of the column axial force of spe-
cimen J-4 was higher. On the other hand, specimens J-5
and J-6 used anchorage plate, and the anchorage lengths
are 15d and 18d, respectively. For the splice of the column
bars, the NMB splice sleeve whose inside space was filled
with non-contraction grout mortar was used. The lap
space of 10mm in depth between column bottom line and
the slab surface line is also filled with non-contraction
grout mortar. In Table 1, the comparisons of the calculat-
ed maximum strengths of each member are also shown to
confirm the assumed failure mode.

The size of anchorage plate used for J-5 and J-6 is
50x50x12mm, which is designed not to obstruct rein-
forcements. The main bars of the beam were welded to
the anchorage plate. The material properties are shown in
Table 2. As shown in Fig.1, D19 (SD390) was used for
main bar, and for stirrup 4-S10 @100 were used in colurnn
and 2-S10 @100 were used in beam.

2.2 Loading Method and Measurement
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Table 1. Properties of Specimens

Specimen J-3 | J-4 J-5 I J-6
Anchorage method U-shaped Anchorage plate
Ratio of axial force 0.1 | 0.4 0.1 [ 0.1

Column Main bar: 16-D19, Stirrup: 4-S10 @100
Beam Main bar: 4-D19,  Stirrup: 2-S10 @100
Anchorage length 19.7d i 15d [ 18d
Size L =2257.5mm, H=1530mm
Failure mode : Beam flexural failure
4Qu/ Q. 2.4 2.80 2.83 281
Mgy "’9“’1 < 427 6.99 4.32 428
Q! Viu™ 0.27 0.27 0.26 0.27

* Design concrete compressive strength: F. = 35 N/mm?

* Space of column in width to support the precast RC beam: 1 5mm

! Ratic of beam shear strength the beam flexural strength

2 Ratio of column flexural strength to beam flexural strength

* Ratio of joint shear strength to joint shear force at initial yielding

where, My, =09axo xd, Mp=082ax0 xD+0.5ND (1-N/ (bxDx0 &) ,
8Qu= {0.053 p,*P(180+0 ) / (M/Qd +0.12)+2.7V (P «XC )} bxij,
Qu= Mm / b Qe Vju = 0.180 BijXDj

And these equations are from the code of ALY (Architectural Institute of Japan).
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Figure 1. Specimens and Loading Method {Unit : mm)
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Table 2. Material Properties  (*Unit; N/mm?)

Reinforcing bar o ¥ e () a E(x10°)*
D192 412.5 4154 613.6 1.935
D10 986.4 6961 1072.4 1.988
Specimens J-3 J-4 J-5 J-6
Precast concrete(MPa) 39.9 37.8 40.6 384
Concrete(MPa) 42.9 43.6 442 43.6
Grout mortar(MPa) 128.9 1334 116.3 125.1

Table 3. Experimental Results (reversc bading)

Specimens J-3 J-4 d-5 J-6

Cracking strength (calculation) (kN) 143.7 234.0 146.5 144.5

Cracking strength (experiments) 818 | 83.9 89.2

(EN)

Exp. / Cal. 057 | e---- 0.57 0.62

pQmu__ (kN) 93.2 93.2 93.2 93.2

Qemax  (EN) 112.0 111.7 113.5 113.3

Qemax / bQmu 1.20 1.20 1.22 1.22

JT mex /G B 0.09 0.08 0.09 0.09

where, T = 1.6V 0 axvV (146 ¢/ 1.6¥ 0 p) : cracking of joint, Quue= maximum strength
»Qm = story shear force at maximum flexural strength of beam
7T max = average stress of joint at maximum strength when effective depth is distance
between center of main bar line of the column, and effective width is (bg+b. )2
And these equations are from the code of AIJ (Architectural Institute of Japan).

For the loading system, the top and bottom of the col-
umn were supported by the pin-rollers. The reversed
cyclic lateral force was applied and controlled by the dis-
placement at the end of the beam. The column axial load
was kept constant as shown in Fig.l. Loading cycle is
controlled by story drift angle (R). Three cycles for
R=1/400, 1/200, 1/100, 2/100, 3/100 rad., two cycles for
R=4/100 rad., and one cycle for R=5/100 rad. were applied
for every specimen. The loading method is shown in
Fig.1.

In the tests, the total displacement and shear deforma-
tion of the joint, and the flexural deformation of the beam
were measured from the measuring frame that is also sup-
ported by the pin-rollers to the column ends. The flexural
deformation of the beam and the column were measured
from the anchor that was set to the concrete of the beam
and column. Also, the strains of the main bars and stir-
rups at severe impotrtant location were measured.

3. Outline of the experimental results

3.1 Maximum Strength

The shear cracking strength of the joint and the maxi-
mum strength is shown in Table 3 and compared with the
calculated results. Except for specimen J-4 under higher
axial force, the shear cracking at the joint occurred at the
60% of calculated strength. But, the difference of an-
chorage method didn’t give notable effect to the shear
cracking strength.

The maximum strength of each specimen was about 1.2
times the calculated maximum strength. The failure mo-

mode of each specimen was beam flexural failure caused
by the yielding of main bar and subsequent compressive
failure at the end of the beam. Comparing the average
stress of joint at maximum strength when divided by con-
crete compressive strength, the value of each specimen
was about 0.09, so there was no notable effect of anchor-
age method or axial force level to the strength of partial
frame with the range of this experiments.

3.2 Hysteretic Characteristics

The story shear force - story drift curve of each speci-
men is shown in Fig. 2. The dotted line shows the calcu-
lated maximum flexural strength of the beam.

After the flexural cracking of the beam occurred at the
cycle of R = 1/400 rad., the yielding of beam main bar was
occurred near the calculated maximum flexural strength of
the beam. The shear cracking of the beam and the joint
occurred near the cycle of R = 1/100 rad. The maximum
strength appeared at the cycle of R = 4/100 rad., the com-
pressive failure and spalling of concrete at the end of a
beam were observed.

The comparison of equivalent viscous damping (He) is
shown in Fig.3. In each specimen, the value of H at the
time of R = 1/50 rad. was over 0.13 and ensured the limit
condition of bond deterioration in the design guidelines for
earthquake resistant reinforced concrete buildings based on
ultimate strength concept. H., of specimen J-5 and spe-
cimen J-6 using anchorage plate are larger than that of



58 Kwangyeon Kim

™ T T T T

Yielding of Bar
Joint Shear Crack

R{X10%ad.}

Beam Flexural Crack
Beam Shear Crack

)

— 50

Max. Stirength

100

Yielding of Bar
Beam Shear Crack

R (x10%ad.)

Beam Flexural Crack
Beam Shear Crack

Beam Flexural Crack

R (X10%ad. )

Beam Flexural Crack
Column Flexural Crack

I~ Joint Shear Crack

~_Max. Strength

s s ) L

g 4. Yieldi f B
- E Yielding of Bar 4 lé ing ol Bar |
i J Z 2 Joint Shear Crack 1 ] - i
~ Max. Strength “_Max. Strength
. . . ; 5o " N . . 156 . .
T - . : — 156 T T —t30
Qc (kN) Max. Strength Qe (kN) Max. Strength
- -Bean Shear Crack —1001 1 Joint Shear Crack 1001
2l ) S ]
Column Flexural Crack.—~ ;::id;::a: Cr::k
I Violding of Bar 50T & 1 Beam Flexural Crack 50T,

350 -40 200"~ 40 - 50 ﬁr)
R (x10%ad.)

Beam Flexural Crack
Yielding of Bar

e Joint Shear Crack
TroeF Beam Shear Crack “

_Max. Strength

L aco
LA

=0

Figure 2. Story Shear Force - Story Drift Curves

specimen J-3 using U-shaped anchorage. This indi-
cates that specimens with anchorage plate have better en-
ergy-dissipates capacity than the specimens with U-shaped
anchorage, From the comparison of specimen J-3
and J-4, it is also noticed that there was no notable ef-
fect caused by the difference of axial stress level.
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Figure 3. Comparison of Heg

4, EFFECTS ON DEFORMATION OF SUBASSEM-
BLAGE

Contributions of column, beam, and joint to the
total displacement are compared in Fig.4.

In this study, each deformation contribution was
calculated under the assumption that the contribu-
tion of joint and etc. can be calculated by deducting
the flexural contribution of beam and column from
the total displacement.

The contribution of beam was over 90% until the cycle
of R = 3/100 rad., and the contribution of joint and etc.
increased 10% to 20% as the total displacement increases.
Especially, this tendency is notable in specimen J-4 with
higher axial force and specimen J-5 with short anchorage
length, in which the contribution of joint and etc. was large
compared to the other specimens. In specimen J-4 with
higher axial stress, the contribution of the column was
large after the cycle of R = 3/100 rad. compared to the
other specimens.  This is because the slip of the beam
main bar occurred for specimen J-5, and the rotation of the
column member due to the concrete compressive failure
occurred for specimen J-4. However, from the fact that
the ratio of each deformation contribution was similar until
the maximum strength except the specimen J-4 with higher
axial force, there was no notable effect caused by the an-
chorage method of beam main bar.
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5. STRAIN DISTRIBUTION OF MAIN BAR

The strain distribution of beam main bars across the
joint cross section is shown in Fig.5.

In each specimen, the main bar yielded on the end of the
beam and expected beam flexural caused. In the speci-
mens with U-shaped anchorage, the strain near the U-
shaped position is larger than that of the column center, the
stress was concentrated near the U-shaped position. On
the other hand, in the specimens with anchorage plate, the
strain has peak near the end of the beam and decreased to
the end of anchorage plate.

In this study, the slip of the beam main bar was not
measured directly, but the opening at the end of the beam
by the slip after the yielding of main bar was notable.
Concemning for the stress concentration and the slip of
main bar, the numerical investigations using finite element
method would be necessary in the future. However, as
mentioned above, there was no notable effect on the hys-
teretic characteristics or the maximum strength caused by
the anchorage method of beam main bar.

6. CONCLUSIONS
In this study, the effect of anchorage method and col-

umn axial stress level on the strength and deformation of
partial frame were investigated from the tests of exterior

joints with precast beam and column.

The main conclusions from this experimental result are
summarized as follows;

1) For the joints with bearn flexural failure mode, it was
found that the maximum strength of specimen with an-
chorage plate is equal to or larger than that of specimen
with conventional U-shaped anchorage if the anchorage
length of more than 15d would be ensured.

2) Each specimen shows stable hysteretic curves and
there were no notable effects on the hysteretic characteris-
tics and the maximum strength caused by the anchorage
method of beam main bar and the difference of column
axial stress level.

3) From the examination of the strain distribution of
beam main bar in the joint, the stress concentration was
appeared near the U-shaped location in the specimens with
U-shaped anchorage.
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