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Configurational Effects of High-Strength Transeverse
Reinforcement on Ductility Behavior of Reinforced
Concrete Members—Development of Riverbon

MULTI SPIRAL HOOPS—
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Synopsis:

A new type of transverse reinforcement with 1 275-N/mm? yield
strength was developed for reinforced concrete members. This
consists of a peripheral hoop and internal hoops (named the Riv-
erbon MULTI SPIRAL HOOP), which are made from one-piece
steel bar without breaks or welding. Experimental studies were
carried out on square concrete columns and the shear-failure and
flexural failure behaviors of the Riverbon MULTI SPIRAL HOOP
were compared with those of conventional reinforcements. This
Riverbon MULTI SPIRAL HOOPs showed good ductility and
greater efficiency in fixing at the construction site. This reinforce-
ment enables earthquake-resistant reinforced concrete buildings to
be constructed more economically.
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Table 1 Test specimen detail

P [ Types of T n [ 2 [ A -
L Seecimen ooy | KD naomy) @) | G0 |
| N-E-70 25 03 [019:354
! D ‘ : . Conventicnal
| N-E-35 251 03 |0.38 354
Dl-smo F3 | 25| 03 029354 |Conventional
| M-s170 7] 25| 03 |057|354| g0
2 | MSLE 25| 03 057 3541 MULTI
4 N-S270 [C0 |25 o3 |038 354! Conventional
|22 |28 St bonventional
® | MsS270 = 25 03 |0.76]3.54
M-S2-35 25 03 1076354
Y _ ‘ i
M-D-70 73 125 03 033]351] piverbon
M-D-35 25| 03 |06s|354| MOULTI
M-0-70 25| 0.3 |035!354"
[ | ang!
M-0-35 25 03 |07l 354.
N-ES35-3 [ | 140} 03 ‘038|226
i e L _; — CUﬂVEntIUnal
N-E-35-3 [] 40| 03 038|226
M-S2-70-3 40| 03 1038 226
| M-82-70-6 13 40106 (038 225 Rivernon
M-$2-35-3 10 03 076|225 MULTI
_ | M-$2-356 L0 | 06 |0.76]226
R S Wl M et B
&L
= | N-S2-353 40| 03 |076|226
E @ ; Conventional
= | N-S2-356 40 06 1076226
T M-S25-35-3 T 40| 03 (076|226
' |
© M-S28-35-6 40| 06 |0.76|2.26"
M__I_)____3573 EE 40, 0j3 }065 2.6 Riverbon
Ooas- ‘ .| MULTI
o [] Tao) 03 onjen
| M-82-70-3L @ | 40| 03 ‘0.33 354
| M-52-35-3L 40 0.76 354

b Section width  p., : Ratio of shear reinforcement (5 mmg)
D @ Section hight 4, ! Ratio of tensile reinforcement

L : Column length £ @ Maximum strength of concrete

N Axial force
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Fig. 1 Provided hoop configuration
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Fig. 2 Details of spacimens
Table 2 Mechanica! properties of reinforcing bars
Standard Bars Y St TE# E#a
{mm) {N/mm?) (N/mm?) {%)
Riverbon* RB5.C 1407 1419 10.9
D13 418 595 23.4
NSS40 1 pg 428 647 2.0

#3 Elongation
*+ Transverse reinforcing
#5 [ongitudinal reinforcing

* Yield stress or 0.2% proof
stress
¥ Tensile strength
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Fig. 5 Horizontal load—horizontal deflection hysteresis loops
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(a)Effects of hoop configuration
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{h)Comparison of ¢conventional hoop
and Riverbon MULTI HOOP
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M-52-35
Riverbon MULTI HOOP

400

200
Riverbon MULTI HOOP

2 B0
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(c)Effects of inner hoop configuration

Fig. 6 Comparison of ductility curves (shear test)
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Fig. 7 Comparison of ductility curves (Aexure test}
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(a) {c) : Shear test (d)-{f} : Flexure test

Fig. 8 Behavior of strains on the transverse reinfocement
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Fig. 9 Effect of reinforcement ratio on experimental strength
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Fig. 10 Comparison of experimental ultimate strength and
calculated strength
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HEL- 7o MR ERELICREBT, »oBRC £5 —va ik
WIS LANERTRABEAHET S L Th o f, BED
CNC (computer numerical control) E#i#HE\-uif, 1BEZ &
REZAELORYE L5 LRWRETA Y, it shEEL L
TERDONTESEFE LT 5, LaLicdis, hn T
Kb MELRTRS - LR TRIOAEAN S ICFer 2 ¥
ThHbh, kg 2 A2 7 -~ FHELTORR ™I, DL 57%r
ERMIPREC L 2 — by 50 binied, COL 5 HRBD L
ETEANOHER L AL LICER tohTELBMEr BT,
RN AR LTV ER R TR A RSB D L & L,
Table 3 BB H D AR T,

BRRENARBIIRD e —F L RvFu SR L0+ 0 v (WU
FTEE) 6O ACH —FE—F L —DDWEH » X — kD
CNC => 155,

Table 3 Specifications of equipment

6-13mm for PC har
10-16 mum for normal strength bar

Steel rod diameter range

Steel rod
Tensile strength
Yield strength

Up to 1 800 Nfmm?
Up to 1550 Nfmm?

Max bending angle +/—180 deg.

Max side length =1 200 mm

Spiral layers Up to 50

Length cutting accuracy +/—2mm

Angle bending accuracy +/—1deg. (ajustable)
Max feed speed® 80 m/min

Max bending rate® 800 deg/s

* Auto changeable

NS Bk Vol 24 No. 3 1992
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Photo 3 Riverbon MULTI SPIRAL HOOP (Type 525)
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Fig. 11 Control system
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Table 4 Comparison of the assemhbly procedure for a column

Operation Conventional Riverbon

hoop MULT1 HOOP
Procurment 3 packages | package
and storage
Pre-assembling 30 min/column Not
the internal necessary
hoops N

Assembling 30 min,"column 30 min‘/column

to longitudinal

bars

Total 1 h/column 30 min/column
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