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Out-of Plane Shear Reinforcing Method: “Multiple Nuts Bar®” for the Walls of Underground
RC Structures

Koichi Tanaka Joji Ejiri

Abstract

A retrofit method was developed for box culvert walls, floors and roofs. This method is inserting
“Multiple Nuts Bar” as additional shear reinforcement into drilled holes from the inside of culvert. The
“Multiple Nuts Bar” is made from high strength steel bar in order to reduce drilling work, and it is having
multiple nuts as anchor at the end. Cyclic loading test was conducted using the “Multiple Nuts Bar” to propose
design ductility. Shear strength test was conducted to propose shear design code for new “Multiple Nuts Bar”
that diameter were ¢17 and ¢19. The followings are obtained. 1) Allowable ductility factor is 4.0, 2) Shear
contribution of ¢17 and ¢19 “Multiple Nuts Bar” has concern with section depth and the shear design code
was proposed.
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Outline of This Method
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Detail of Specimens and Loading Point
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The Outline of Cyclic Loading Test
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hetree! BREE  fue  (N/mmd) 345 1080
ERRE o (=) - 0.60
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Mechanical Properties of Concrete and Mortar
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D100PW20-L14N 42 36.0 (18) (80.8)
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Mechanical Properties of Steel Bars
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Table 8 HAMIFEBROER &

Experimental Results about Shear Strength and Reduction Factor

e | s | £ | w4 | o Py AR 7 HEE IR | mmms
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KE:—
DO75PW00 1000 750 0.00 261 - - - 561 530 530 0 -
2-17
DO75PW16-M12P | 1000 750 0.16 261 ©280 ! o 969 1514 498 | 1016 0.46
3-917
DO75PW24-M12P | 1000 750 0.24 261 0280 ! o 1057 2052 529 | 1523 0.35
3-17
DO75PW24-M12N | 1000 750 0.24 261 0280 ! - 1343 2081 558 | 1523 052
1-919
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1-¢19
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2-19
D100PW20-L14NH | 1000 1000 | 0.20 261 @280 - - 2053 2381 660 | 1721 081
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