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High Strength Deformed Bar-in-coil “HDC800” for Shear Reinforcement of

RC Beam with Web-opening
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Abstract

High strength deformed bar-in-coil “HDC800” was developed for shear reinforcement of RC beam
with web-opening. This paper reports on the development of material for HDC800, the results of struc-
tural experiment and design method of RC beam with web-opening strengthened by HDC800.
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Arrangement of shear reinforcement for web-openings
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x1 HEEROMEE
Mechanical properties
Proof stress Tensile . Bending property
Elongation
by offset method * strength %) Bending Pin diameter for
0
(N/mm?) (N/mm?) angle bending test
800 min. 1 000 min. 8 min. 180 deg. Nominal dia. X 3

* Proof stress shall be calculated on the basis of permanent deformation of 0.20%.

F2 EFKS (mass%)
Chemical compositions
C | Si [Mn| P S Cu | Cr B |Carbon equivalent
0.20|1.10 | 2.00 [0.035{0.030| 0.10 | 0.50 | 0.0030 0.65
max.|max. |\max. | max. | max. |max. | max.| max. max.

where, carbon equivalent (%)= C+Mn/6+Si/24+Cr/5
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Microstructure of HDC800

BH 3 HDC800,/D8M e \f i EkiER
Result of bending test for HDC800/D8
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List of test specimens

. Web-opening Volume of rebars for web-opening .
Design Vol. of main
. . . . Ratio of
Specimen | strength of Ratio of Shear Stirrup at rebars Type of
Diameter . . . reinforcement for . .
1D concrete opening Stirrup reinforcement web- (Rebar ratio) loading
H (mm) . web opening
Fc (N/mm?) H/D (HDC800) opening p,(%)
Pyo
No. 1 No opening - 2-D10 - - -
No. 2 36 150 1/3 2-D10 - - 0.27
No. 3 150 1/3 2-D10 4-D6 - 0.62
No. 4 150 1/3 2-D10 4-D6 2-D10 0.89 3-D25 . .
Multi-cyclic
No. 5 No opening - 2-D10 - - - (1.27%)
No. 6 150 1/3 2-D10 - - 0.27
No. 7 60 150 1/3 2-D10 4-D6 - 0.62
No. 8 150 1/3 2-D10 4-D6 2-D10 0.89
No. 9 150 1/3 2-D10 4-D6 - 0.62 4-D25 .
Monotonic

No. 10 150 1/3 2-D10 4-D6 2-D10 0.89 (1.69%)

Beam-width Xheight (effective-height) b X D (d)=300 X450 (400)mm, Distance between centers of tension and compression j=350mm,

Remarks |Stirrup D10@ 100(stirrup-ratio p, = 0.48%), Bending-span a=450mm,
Shear-span (shear span ratio M/Qd)=900mm (1.125)

450 450 Main rebar : 2x3-D25 (SD390)
Stirrup : D10@100 (KSS785)
100 100 100 45 45 100 100 100 | Shear reinforcement : D6 (HDC800)

R

/Shear reirfforcement for web-opening
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. 300 l
Web-opening Stirrups at web—openirng

== Arrangement of strain gauges and gaugetNo.

No. 8 specimen %

Fc=60MPa

Beam with web—opening, N

shear reinforcement for web—opening, ) N /™
and stirrups at web—opening. Arrangement of!strain gauges

for shear reinforcement

1 ARMKECHR (HERFFESNo. 8)

Details of No.8 specimen

x4 227 — bOMBHERER

Results of material test of concrete

. Design strength Curing period | Compressive strength | Tensile strength
For specimen ID
(N/mm?) (day) (N/mm?) (N/mm?)
28 40.9 2.88
No.1-4 36
52 43.3 2.74
28 68.1 4.37
No.5-10 60
52 70.3 4.46
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Results of material test of reinforcing bars

Type HDC800 KSS785 SD390
Rebar | Designation D6 D10 D25

Nominal cross-sectional area (mm?) 31.67 71.33 506.7
Yield point or proof stress (N/mm?) 984 900 433
Strain at yield stress or proof stress () 7359 6672 2458
Tensile stress (N/mm?) 1110 1051 605

Hydraulic jack
(1000kN)

TITTITT
TITT111

LU L

Link mechanism

1

LI

Loading frame pecimen

Hydraulic jack

(2000kN) \ b 7

———— p— o

[] [ ]
77 /77

2 IIAHEEEWXNAES)
Loading apparatus

32 ERfER

321 VUEhRUBRIKL

ERANo. 80 D UFIIVIRIL E B R 4 |8 ¥ o NIIBGTE, FAic
RomE MO ORI L, FlEHiE, EiLodulr 545
BRI O CEND AT 2%, REGBALHRGOMETILE -
2o WMAOMRE L 12, BEALOBY SEMITIIC, HERE
O—=F =[RS TOUENAAY, ZOVUHIND IR % O
CEINE Y, BN S EGEILOEA B2 A MTHE L 72,

‘05,0200

SPECIMEN_ 08
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STEP 649
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DISP 4505 MM

(+1/20 Rap_1

KIRI

BEH4  RERMANo. 8O VU EINIRR (&2 & V), B4 5 1/1008:F, #B#1 5 1/208F, O U'EIN[X)
Crack distribution of No.8 specimen (from left-side: rotation angle at 1/100, 1/20, and crack-pattern)
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Beam with web—opening
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Load-displacement relations of No.8 specimen
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Load-displacement relations (envelopes of cyclic response of specimens)
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Load-strain relations of shear reinforcement for web-openings
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Comparison of shear resistance between experiment and calculation

Compressive Shear resistance (kN) Web-opening and reinforcements
Specimen strength Experiment Calculated Comparison Reinforcement Stirrup at
D of concrete Q. Q. 9,70, Web-opening for web-opening
(N/mm?) web-opening

No. 1 507.4 480.7 1.06 X X X

No. 2 53 2452 276.8 0.89 O X X

No. 3 3543 352.8 1.00 O O X

No. 4 4143 394.1 1.05 O @) O

No. 5 574.9 611.2 0.94 X X X

No. 6 282.2 3373 0.84 O X X

No. 7 103 456.3 4133 1.10 O @) X

No. 8 527.4 454.6 1.16 O O O

No. 9 495.9 426.8 1.16 O O X

No.10 530.4 468.1 1.13 O @) O
Remarks: O: exist, X: not exist
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Arrangement of stirrups at web-opening
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