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ABSTRACT

One of the reasons for brittle failure in reinforced concrete structures subjected to severe earthquake is due to
large slip between reinforcing steel and concrete. This study aims to evaluate effects of deformation patterns of
ribbed reinforcing bars on bond under cyclic loading. Bond test specimens were constructed with machined bars to
test the newly developed reinforcing bars with high relative rib areas. The degree of confinement is also another
key parameter in this bond test. From the test results under monotonic and cyclic loading, bond strength and
stiffness were evaluated. Bond strength and bond stiffness increase as relative rib areas under cyclic loading for
specimens highly confined by transverse reinforcement. The increase rates of the bond performance under cyclic
loading are larger than those of specimens under monotonic loading. The developed bars with high relative rib
areas will contribute for better bond performance for reinforced concrete structures subjected to severe seismic

loadings.
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Fig. 1 Behavior of a beam-column interior joint
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Table 1 Concrete mixing proportions

Nominal | xo ' w/c ls/a Unit weight(kg/m”)

strength | /o 9 [
(MPa) (%6)) C6)| (%) Water | Cement | Sand | Gravel

34 54418 |45.0| 1958 | 408 | 780 | 960
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Table 2 Properties of reinforcing bars

.| Dia= | 9O | vield | Blastic | Ultimate
Type | meter area str. fy | modulus | str. fy
(mm) (emd) (MPa) | (MPa) {MPa)

D13 12.7 1.267 448
D16 169 1.986 419
M25 | 250 4.908 540

* D) : Deformed bar, M : machined bar

188287.7 604
154945.1 604
188287.7 615

Table 3 Geometry of test bar deformations

Bar . . . .
g:r%t rgg;r hgilgbht s};alllge B;aé;§g Sgiaeg:g Re™
(mm) (mm) | (mm) | (mm?) | (mm”")
C 254 | 138 | 1650 | 89390 14105 | 0.064
L 25.0 135 | 17.12 | 100.30 13446 | 0.075
M 250 | 2.03 | 1712} 14649 13446 | 0.109
H 25.0 270 11712 ] 189.15 13446 | 0.141

*  C: Conventional bar(D25), L, M, H : Machined bar
**  Bearing area : Projected rib area

*x*  Shearing area ' Rib spacing X Nominal perimeter
**** Relative rib area
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Fig. 2 Machined bar deformation pattern for 25mm
diameter bars
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Fig. 3 Schematic illustrating relative rib area
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Fig. 5 Test setup
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Table 4 Test variables and specimen label

T . . ma
S| Lontng ope | Mifebava | Confing | U bopd gt | Sl o it
MLV00S00 ~= 56.9 0.36
MLV13S13 0.075 3-D13 174.6 3.52
MLV16S13 2-D13, 2-D16 1834 2.06

MMVOOV0OD . -- 41.2 0.19
MMV13S13 “}‘(’)’;‘éﬁ?}‘;‘c 0109 3-D13 1814 200
MMV16S513 2-D13 2-Di16 151.3 1.25
MHV00500 —- 60.5 0.21
MHV13513 0.141 3-D13 192.0 1.83
MHV16513 2-D13 2-D16 195.1 1.33
CLV00S00 —= 68.2 0.37
CLV13S13 0.075 3-D13 118.0 1.75
CLV16S513 2-D13 2-D16 144.3 1.75
CMV00S00 —= 49.0 0.14
CMV13513 0.109 3-D13 129.5 1.00
CMV16S13 cyclic loading 2-D13 2-D16 1389 0.75
CHV00S00 - 54.9 0.20
CHV13513 0.141 3-D13 152.8 1.00
CHV16S13 2-D13 2-D16 188.3 1.00
CCV00S00 2-D13 —- 0.75
CCV13S13 0.064 3-D13 107.3 1.75
CCV16S13 2-D13 2-D16 126.5 0.75
* Specimen label
CLV13S13
' l_—_ S13 : Stirrup bar diameter(13: D13, 16: D16, 00: none)

V13 : Vertical bar diameter(13: D13, 16: D16, 00: none)

Rib height (C : conventional, L : low, M : middle, H : high)

Loading type(C : cyclic M : monotonic)
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Fig. 7 Failure mode for specimens

cyclic loading

3. BEEJIA| BAEY

RIELETE

rz

HhSIEA| Hae| DiCiEE| e Sasy

8@ 74 Wad w2 F-9954E, Fe 8be
alt)go] Wl W FT-wHSAE ReFT o

FAE-ERAL dAZ 2713480 &3 olF F
3] o] FolAx 71 ATAWeL AXske WS
Holx gtk

-9 RAZAGN & £ YRl EE AFAE
hE ¥ 15 mmell X 2mm Abele] Fjzdzel oj2x gl

. BAY AeRY AL AA AaskaA Hddedl
=83 ofF HAPEE AvMe a2 F¥EE A4S
o] glg W= A3 HolAH whHe] 7SIl Y&
e AA3 AEHD o] 94 IHE Yehia gl =
& vitiEol7t F7HEE AdAEE o AL AN
Ts= 2S¢+

0¥

32 FEzx
H

RAYEE §74 Z7k] U, =9 YoniEs] o
2 3718k Fig. & 9EsteA] 4743 vitlzelo) v

)

247



~mhv13
200 | MHV16813 -mhv16
ya ""*-%-------.._ ! = -mhv00
2 150 b T R {
g . +m7ra= Tl
2 100 %Lé_k_J___>\L4
'} i\ .
50 iV "MHV00800 I
\‘ :.ll { |
0 VJ/ il ‘ A . — . J
0 2 4 8 8 10
Displacement(mm)
(a) Effect of confinement
250
- -mivi3
200 MHV13513 —mmvi3
I,/"‘\‘ o ---mhv13I
= 150 }» ,’// mia .. !
= ; { e s SO !
o  ——
& zq 13 ok,
9 100 / TS
50 / \
0

(=4

2 4 8 8 10
Displacement(mm)

(b) Effect of rib height

Fig. 8 Load-displacement curve for monotonic loading

250 ;
Cgnt inement (2D TEF2-0T3)
g T e e
CRl I R e S :
S P AL
*é 150 Jasesrree L+ | Con lnement(3—0113)
2
»
® 100
=1
a
50 —_—
: |
0 | I
0 0.04 0.08 0.12 0.16 0.2

Relative rib area

Fig. 9 Effect of relative rib area on bond strength for
monotonic loading
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for monotonic loading
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