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ABSTRACT : In order to investigate the bond performance of the beams with double-layer reinforcement using
light-weight concrete, an experiment consisting of two parts was carried out. The first part, a cantilever type
bond test, shows that the bond splitting strength of the light—weight concrete is 84% of the normal concrete and
the double-layer specimens is 79% of the single-layers. The second part is an antisymmetrical loading test of

beams where the parameters are the amount of stirrups and the arrangement of the longitudinal bars.

e bond

stress of the longitudinal bars obtained when the beam failed by bond splitting shows a good relationship with
the calculated value multiplied by 0.84. Related with the bond splitting strength of the double-layer reinforcing
members, the results obtained from the later part do not show correlation with those results of the first part.

1 INTRODUCTION

The construction of high-tise buildings has become
more used nowadays. In that sense, high strength and
light weight concrete could represent one of the solution
for the multiples problems that high-rise buildings
involve. The amount of reinforcement is also increasing,
so that the arrangement for longitudinal bars of beams
must be multi-layer. Therefore, special consideration
will be necessary to avoid the bond splitting failure
problems which will appear as a consequence of that.

A definite conclusion about the bond splitting strength
of reinforced concrete. members with double-layer
reinforcement has not been made clear yet. Even though
many formulac for calculating the bond splitting
strength are given at present, their applicability to
members with double-layer reinforcements is unknown.

This research aims to make clear the bond
performance of beams with double-layer reinforcements
using light-weight concrete with high compressive
strength (360kgf/cm?). To rcalize the objectives of this
research, an experiment consisting of two parts was
carried out. The first part is a cantilever type bond test,
and the second part is an antisymmetrical loading test
of beams.

2 CANTILEVER TYPE BOND TEST
2.1 Specimens

The list of the specimens is shown in Table 1, and
examples of the specimens is shown in Fig. 1. The
specimens are designed in the form of full-scale
cantilever type considering as a part of beam. The size
of them is 415mm(W) x 715mm(D) x 1000mm(H) and
the bond length(l) is 580mm or 485mm. The variables
considered here are the number of longitudinal bars
(4,6,8 bars : where the 4 bars specimens are singe—
layer type and the 6 or 8 bars specimens are doubl

layer t%ge), the amount of lateral reinforcements
(p.=0.0% - 1.2%), and concrete type (light-weight
concrete or normal concrete). At the supporting area of
resisting force at the free end of the longitudinal bars,
they are covered by plastic pipes in order to lose the
bond stress between themselves and concrete. And as
shown in Fig. 1, in the center of a cross section of the
specimen, a large quantity of reinforcement are
arranged enough in order to resist the shear force.

Steel bars D29(SD345) were used as longitudinal bars
steel bars D13 and D10(both SD295) were used as
lateral reinforcement. Light—weight concrete using an
artificial light-weight aggregate and normal concrete
were used. Their specified concrete strength was 360
kgf/cm®. Mechanical properties of materials are shown
in Table 2.

Table 1. Specimens (Cantilever type bond test)

eci- [ Concrete | Longitudinal Lateral reinforcements
mens type bars r P
type )
No.1 Non reinforcesent | 0.00 |
No. 2 4-028 Single -D10 €120 0.29
Ro.3 N bt -D10 €% 0.4
4 =0.90% | %" D10 €1 0.
Ro.5 | Light- -Di0 @60 0.57
weight [6-D29
fo.§ fooerete |p. Mon reinforcesent | 0.00
No.7
%o.8 2-D10 @120 0.2
%9 4-D10 @120 0.
[ %o.10 | 029 | Double 2D &0 X
Mo 11 layer [Non reinforcement | 0.00 |
fo.12 X -Di0 81 .29 |
No. 13 | Normal -
concrete 4-D10 €120 0.57
.15 a A
Yo.16 2-DI3 €0 1
Fixed {bXD = 415mmX750mm

Specified concrete strength Fc = 360kgf/ca?
factor | Bond length | = 580ma (where 1 = 435em in No. 10, 16)
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6 bars
Figure 1. Cantilever type specimens

4 bars

Table 2. Materials (Cantilever type bond test)

rete] Strength (kgi/cm’) Yog's
mdulus | Used specimens

type | Compression | Splitting | (igf/ca2)

zf:;; 380 269 | L7905 | Po.l~10
| Tormal %8 | 9.8 | L8mi0c | Fo.ll~Ib
[Steel | Yield |Young's | Vield |Tensile |Used

bars | stress {modulus | strain | strength Specimens

hef/ca?) |(kef/ca?) | (u) | (hgf/ca?)

(D29 | 3850 | 1.86xI105| 2074 | &S0 Yo, I~16
[ PI0 | 3750 | 1.8&10°| 19% 5430 | Except 10,16
D13 | 3610 | 1.82x10° | 1985 _ %.10, 16

2.2 Loading system

In this experiment, the cantilever pull-out type bonding
test shown in Fig. 2 is adopted. The longitudinal bars
were pulled monotonously with the same tensile loads
at the each layer, using 4 oil jacks (100tf). After pulling
upper side of the specimen, the specimen was upset and
bottom side was pulled in the same style. In the
following sentences, the results of the upper side are
shown according to adding "T" to the last of the
specimens' name and the results of the bottom side
adding "B" in thc similar way. The load, the
displacement at the loaded and at the free end of the
longitudinal bars and the strain of the steel bars were
measured.

100tf
0il jaok x 4 ~

P Upper side v

-——
e ]

T
l> Bond length

A Bottom side

Figure 2. Cantilever type loading system

2.3 Test results and discussions
1. Bond splitting strength of the light—weight concrete

The correlation between the bond splitting strength of
the light-weight concrete specimens and that of normal
concrete specimens with the same reinforcements is
shown in Fig. 3. In this figure a line was drawn from
the origin by the method of least square. Thus, the
average ratio of the bond splitting strength of light-
weight concrete to normal concrete is 84%. Where,
there is no much difference between the concrete's
compression strength of light—weight and normal
concrete (see Table 2), so there is no influence of the
compression strength on the bond splitting strength, It
seems that the difference is caused by the disparity of
the splitting strength between light—weight and normal
concrete for the same compression strength.

150

50 100 150
NMLPMAX (tonf)

Figure 3. Bond splitting strength of the light—weight
concrete specimens

2. Bond splitting strength of the double-layer
specimens

The maximum load of the specimens which have 4
longitudinal bars (singlc—laycrswg‘s: compared with those

200 The maximum load (Pmax) of the

light-weight concrete specimens are

" divided by 0.84
‘5’ 150 |
é - Np5,15T o 5,158
g 100 - 2887
No2.12T g N3 2,128
50 e 1 i 1 i
50 100 150 200

SGLPmAX x 2 (tonf)

Figure 4. Bond splitting strength of the double layer
specimens
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of 8 longitudinal bars (double-layer) as shown in Fig.
4. In this cxamination the maximum loads of the light-
weight concrete specimens are divided by the
adjustment value 0.84 (sce #1). And the loads of the
specimens with 4 longitudinal bars are multiplied by 2
in order to fit to compare with what have 8 longitudinal
bars in the same stress level. Comparing the strength of
the double-layer specimens (8 lonfitudinal bars) with
that of single-layer ones (4 longitudinal bars) in case of
the same lateral reinforcements, the ratio between
double-layer and single-layer is 79%.

(a) Bond splitting strength of the specimens without the
lateral reinforcement

The correlation between the bond splitting strength of
the double-layer specimens without the lateral
reinforcement with calculated values by a formula® of
the bond splitting strength are shown in Fig. 5. where
the formula was obtained from the experiments of the
single-layer specimens. In this examination, to calculate
the bond splitting strength from the maximum load, the
value of 115mm in the case of 1st layers or the value
of 40mm in the case of 2nd layers is subtracted from
the entire bonding length (580mm). Because of that, in
the specimens, cracks making the angle of 45 degrees
with the section of loaded end took place due to the
shear force. The concrete from these cracks to the
direction of the loaded end is considered not to
contribute to rise the bonding strength. And the
calculated values of the light-weight concrete
specimens are multiplied by 0.84 (see #1).

In this figure, concrete's share of bond splitting
strength with 8 longitudinal bars (double-layer) is 94%
of that with 4 longitudinal bars (single—layer). This
value is bigger than former ratio (79%), so it is
considered that the bond splitting strength of the
double-layer specimens, in the case where only the
support is concrete, makes a little reduction comparing
with that of the single—layer specimens.

(b) The increase of the bond splitting strength caused
by lateral reinforcements

The correlation between the strength which is supported
by the 1st layer longitudinal bar located at the corner of
the section and that of at the center of the section is
shown in Fig. 6. In this examination, in order to
compare the double-layer specimens with the single-
layer specimens directly, the specimens of the light-
weight concrete are adopted. The horizontal axis of this
figure indicates p,(%) and the vertical axis indicates the
increase of the strength. Where the increase is given by
the subtraction of the bond splitting strength of the
specimens with no lateral reinforcement from that of
with lateral reinforcements (exr T wax = exr 7o) and be
normalized by the square root of the concrete'
compression strength ( s ).

In this figure, lines are drawn from the origin by the
method of least square. The slope of the line of the
longitudinal bar located at the comer of the double-
layer specimens is 0.67 which is less than the
inclination of that of the single-layer specimens 1.79.
Similarly, in the case of the bar at the center the
inclination is 0.37, which is less than the inclination

1.03. The average of these ratio of these inclinations are
0.37. Thus, the increase of the strength of the double-
layer specimens caused by the lateral reinforcements
seems to be smaller than that of the single-layer as well
as in the case of the concrete's share of bonding stress.
And this value 0.37 is smaller than the ratio of the
decline in the case of the concrete's share of bond
stress.

30 CAL T oo Of the light-weight concrete
L specimens are multiplied by 0.84
«— =7 No.11T®
g f
-,
= 20 o
8
- L
a
ol
15
10 —L-
10 15 20 25 30

CAL T oo (kgtiom?)
Figure 5. Bond splitting strength of the double layer
specimens without lateral reinforcement
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Figure 6. The increase of the bond splitting strength
caused by lateral reinforcements
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3 ANTISYMMETRICAL LOADING TEST OF
BEAMS

3.1 Specimens

The list of the specimens is shown in Table 3, and the
arrangement of the reinforcement is shown in Fig. 7.
The specimens are designed in the form of 1/3 scale
beams at lower floor of about 20 stories building. The
variables considered here are the arrangement of
longitudinal bars and the amount of lateral
reinforcement (p,=0.56% - 0.84%). The size of the
specimens is 175mm(b) x 270mm(D) x 1080mm(L)
and the ratio of the shear span to the depth (M/QD) is
2.0.

Eight steel bars DI10(SD345) were used as
longitudinal bars, and steel bars DS(SD295) was used
as stirrups. Light-weight concrete using an artificial
light-weight aggregate was used. Its specified concrete
strength was 360 kgf/cm®. Mechanical properties of
materials are shown in Table 4.

Table 3. Specimens (Antisymmetrical loading test)
[Speci- Longi tudinal bars stirrups

mens | Ist layer Fd layer [ p. &) I
E“ 600 | 2010 | 135 g
Mo.3 | 4010 | 4-DI0 | 1.39]3-D5 @0 (

ixed | Concrete type = Light-veight concrele
bXD = 175mX270mm, Span L = 1080wa(M/QD=2)
factor | Specified concrete strength Fc = 360kgl/ce?

&
R

)

]

=

Gl

siel | [T

No.3
A
; p_° 4
L us | 1080 s | LN
' a3 ! Section

Figure 7. Beam specimens

Table 4. Materials (Antisymmetrical loading test)

Concrete | Strength (kgf/cm?) Young"s
mdulus | Used specimens
L:,ype Compression | Splitting | (kgf/ca?)
ght-
veight 380 20.3 1. 99x10% No. 1~3
Steel | Vield |Young's | Vield |Tensile |Used posilion
bers | stress |modulus | strain | strength
gf/ca?) |(kgf/ca?) |  (u) | (kgf/ce?)
D10 3780 5460 | Logitudinal
4330 stirrues
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3.2 Loading system

The specimens were loaded cyclicly using the
antisymmetrical loading system shown in Fig, 8. The
loading cycle is twice of R=+-1/200, +-1/100, +-
1/50, +-1/33, once of R=+-1/20, and R=+1/15. The
load, the relative displacement between the upper and
the lower stub and the strain of the steel bars were
measured.

N |

50t LOADCELL)|

1]

.i-'. 2
H t.":‘ 80t OIL JACK,

25250 ' 2 ..li.

2098,

b g SR

i
|

Figure 8. Antisymmetrical loading system

3.3 Test results and discussions
1. Failure pattern

Main results of this test is shown in Table 5. One beam
failed by bond splitting (No.1) and the others failed by
concrete compression (No.2 and No.3). The crack
patterns and the load—-displacement curves arc shown in
Fig. 9. The curve of the specimen No.1 which failed by
bond splitting is poor one, and the decrease of the
strength is seen at the large displacement. The curves of
the specimens No.2 and No.3 show good ductility. The
difference of the failure mode makes the clear
difference of the curves.

Comparing the curves of the specimens with the same
stirrups between No.1 and No.3, the curve of specimen
No.3 show better ductility than No.1. So it is ible
to improve the ductility of beams and prevent the bond
splitting failure of beams by the change of the
arrangement of longitudinal bars.

Table S. Main results of antisymmetrical loading test

Speci- | Maximm Toad Ultimate Fallure sode
nens (tonf) displacement’?
exp. [cal. "' | (m) (rad) |After bending yield
K. y 8,65 499 (1722 Bond lplgtﬂ;;
NN%. 1 % - gli;f 1/17) | Cancrete compression |
. 1/18) | Concrete cospression
Q= 0.9%a,-0,-d/7 U2

The displacement when the load became less than
80% load of the maximm on the skelton curve



2. Bond stress — displacement curves of longitudinal
bars

Bond stress — displacement curves of the beams are
shown in Fig. 10. The bond stress is calculated from the
data obtaincd from two strain gages which were placed
on the corner bars at the points which located 270mm
(1.0D) from the both beam ends, by using Ramberg-
Osgood model in calculating the stresses from the
strains. In Fig. 10, solid and dotted lines show the stress
of the first layer bars and that of the second layer bars,
respectively.

The calculated value obtained from the formula”
multiplied by 0.84 (23.3 kgf/cm?) gives approximately
the experimental maximum bond stress value of the first
layer bars of specimen No.1. The coefficient 0.84 is
applied to take into account of the bond splitting
strength of light-weight concrete. The measured stress
of the second layer bars is higher than that obtained
from the first layer in -the positive displacement.

© (kgf/cm?) T (kgf/cm?)

No.1

No.2

30

— 1st layer

-30 2nd layer

30 — Ist layer

Because of that, a splitting line occurred along the first
layer line, where the length of the splitting line is
smaller, so the bond stress of the first layer reduced.

On the other hand, the obtained bond stress of the
specimen No.2 is about 30 kgf/fem’, this value also
shows a good relationship with a calculated value. And
the bond stress of the second layer is the same to that
of the first laycr, because of not occurring the bond
splitting failure.

The bond stress of the specimen No.3 is larger than
the stress of No.1 and No.2, because of the difference
of the arrangement of the longitudinal bars comparing
to specimens No.1 and No.2. And the bond stress of the
second layer is about 60% of that of the first layer.

Thus, the obtained bond stresses of the beams loaded
antisymmetricaly show a good relationship with the
failure modes and the arrangement of the longitudinal
bars. But those do not show correlation with the results
of the cantilever type bond test.

T (kgf/cm?)

S (mm)

-39 —1st layer
0 2nd layer

2nd layer

Figure 10. Bond stress - displacement curves of longitudinal bars

4 CONCLUSIONS

1. From the results of both test, cantilever type bond
test and antisymmetrical loading test of beams, the bond
splitting strength of light—weight concrete is 84% of
normal concrete.

2. The bond splitting strength of the members with
the double-layer reinforcement is 79% of the single—
layer reinforcement in case of cantilever type bond test.

However in case of antisymmetrical loading test of
beams, the obtained bond stresses of the longitudinal
bars show a good relationship with those values
calculated using the single-layer reinforcing
formulation.

3. It is possible to improve the ductility of beams and
prevent the bond splitting failure of beams by the
change of the arrangement of longitudinal bars.
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4. The bond stress obtained from the beam which
failed by bond splitting reduces at the first layer, where
the splitting line occurred.
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