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ABSTRACT

The effects of bar deformation properties on bond of steel reinforcing bars to concrete are experimentally studied
to predict the bond strength. Based on the previous research about high relative rib area, bond strength between
reinforcing bars and concrete can be improved by the control of rib height and spacing. But, the equations in
Korean code provisions to estimate development and splice length do not include these specifications of reinforcing
bars. So, the purpose of this paper is to determine the effect of relative rib area to the bond strength.

This paper describes 2 kinds of experimental researches. Thirty beam-end specimens were tested to investigate
the effects of bar size and relative rib areas ranging from 0.112 to 0.162. And, twelve lap-splice beam specimens
were tested to the same variables. Each test results are normalized and compared with the proposed equations of
ACI 408 committee. The results show that bond strength is increased as bar size and the relative rib area(X.)

increase. The distribution of flexural cracks and failure aspect do not appear to be affected by A..
Keywords : relative rib area, bond strength, development, lap-splice, high strength reinforcing bars
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Table 1 Concrete mixing proportions

} . . 3
Nominal ar | wels/a Unit weight(kg/m”)

strength
(MPa) (%) | (%) | (%) Water

30 45 | 496 | 478 | 172 347 858 938

Cement| Sand |Gravel

Table 2 Strength of concrete and rebar

Material Description Strength(MPa)
f 27
Concrete %
feo 34
Reb Yield D19 563
ebar strength D25 582
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Table 4 Specimen details

Embedded or splice| Number of

Test | Specimen h, S, R Specimen dimensions
) length (mm) specimens

type index (mm) | (mm) Wk Hx L (mm)
BE19-CV | 1.65 12,5 0.115
BEI9-MR | 1.65 13.35 | 0.124
BE19-LS | 1.27 9.9 0.128 200X 300X 470 D19 D10@200 220
BE19-HR 2.0 13.45 | 0.150
Beam | BE19-MS | 1.70 100 | 0.157

end | BE25-CV 2.1 16.0 0.112
BE25-MR | 2.15 17.45 | 0.123
BE25-LS | 1.80 13.25 | 0.136 230X 310X 550 D25 D13@200 300
BE25-HR | 240 17.25 | 0.140
BE25-MS | 2.25 12.8 0.162
SP19-CV | 165 125 0.115
SP1IS-MR | 1656 | 1335 | 0.124
SP19-LS 1.27 9.9 0.128 240><320>< 3000 D19 D10@200 247(13db)
SP19-HR 2.0 1345 | 0.150
Lap {SPI9-MS | 1.70 10.0 0.157
splice | SP25-CV 2.1 16.0 0.112
SP25-MR | 2.15 1745 | 0.123
SP25-LS 1.80 13.25 | 0.136 300>< 400>< 4000 D25 D13@200 375(15db)
SP25-HR | 2.40 17.25 | 0.140
SP25-MS | 2.25 12.8 | 0.162

SP25-CV CV : Conventional HR : High rib height, MR : Medium rib height,
L——— MS : Medium Spacing, LS : Low Spacing

Rebar Stirrups

TR

Rebar size

SP : Splice beam BE : Beam end
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Table 5 Results of crack analysis
Specimen Rr Crack locations Number of | Crack spacing
cracks (mm)
SP25-CV| 0112 l " T TTT T T| ¢ | 6 161
-2000 -1500  -1000 -500 0 500 1000 1500 2000 |
SP25-MR| 0.123 ' I r Tn TI TI " ; i 7 141
-2000 ~1500 -1000 -500 500 1000 1500 2000
SP25-LS| 0.136 — | r ” r ” 5 188
-2000 ~1500 ~1000 =500 0 500 1000 1500 2000
SP25-HR| 0.140 ' . ” T T T ]f! . — 6 161
~2000 —-1500 -10060 ~£00 5O 1000 1500 2000
SP25-MS| 0.162 - ' " T ﬂ' TT “ ' —— ) 6 161
-2000 -1500  -1000 500 500 1000 1500 2000
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Table 6 Summary of test results : beam-end test

. ACI 408 eq. Experimental results
. Relative B - - Bond stress
Rebar | Specimen rib area | Predicted | Ratio to |Failure load| Average Standard | Ratio to (MPa) @)/
load(1) (kN) Cv (kN) load(2) (kN)| deviation Cv
125.36
BE19-CV| 0.115 96.00 1.00 109.87 117.99 7.77 1.00 8.99 1.23
118.73
125.64
BE19-MR| 0.124 99.05 1.03 131.18 125.46 5.82 1.04 9.56 1.27
119.55
121.03
D19 |BE19-LS| 0.128 100.71 1.05 140.74 138.71 16.76 1.15 10.57 1.38
154.36
135.90
BEI9-HR| 0.150 102.19 1.06 140.16 138.18 2.15 1.15 10.53 1.35
138.48
138.83
BE19-MS| 0.157 104.74 1.09 127.86 132.67 5.61 1.10 10.11 1.27
131.33
235.78
BE25-CV| 0.112 182.40 1.00 214.59 213.60 22.69 1.00 9.07 1.17
190.43
257.32
BE25-MR| 0.123 191.82 1.05 253.54 250.47 8.80 1.17 10.64 1.31
240.54
282.73
D25 |BE25-LS| 0.136 198.49 1.09 241.16 265.48 21.67 1.24 11.27 1.34
272.54
243.94
BE25-HR| 0.140 198.01 1.09 256.15 255.33 11.01 1.20 10.84 1.29
265.91
281.56
BE25-MS| 0.162 206.63 1.13 258.34 272.06 12.17 1.27 11.55 1.32
276.29
Table 7 Summary of test results : lap-splice test
. . ACT 408 eq. ACI 318 eq. Experimental results Bond
Rebar | Specimen Rela;ve rib Predicted . Predicted Failure . stress @/
| 10ad) v |R8EO O CVIE 10000 | 1oad@) vy | RAUO 0 CVI (MPa
SP19-CV 0.115 31.49 1.00 48.9 1.00 785 1.55
SP19-MR 0.124 31.75 1.00 56.0 1.15 8.99 1.76
D19 | SPI19-LS 0.128 31.87 1.01 21.05 51.7 1.06 8.30 1.62
SP19-HR 0.150 32.52 1.03 53.0 1.19 9.31 1.78
SP19-MS 0.157 32.72 1.03 56.0 1.15 8.99 1.71
SP25-CV 0.112 57.49 1.00 78.5 1.00 6.31 1.37
SP25-MR 0.123 57.58 1.00 95.6 1.22 7.69 1.65
D25 | SP25-LS 0.136 58.63 1.02 38.22 97.9 1.25 7.87 1.67
SP25-HR 0.140 53.99 1.03 93.4 1.19 7.51 1.58
SP25-MS 0.162 60.82 1.06 97.7 1.24 7.86 1.61
W, ACL 408 99314 ANF AFo] AAN L AY ske dAE 4" A2 WYEL Fg 16%
HopiRde) B8 o= AE wdsm o, ¥ 4 2ok IFol 329 WIES A% AUl a5
o] Axtel vl u] YA okAZoz Hristw ¢ F7Fl mEt o]e 7zt HelA AF o Uk ASE
22 9 % g o % glom, olsh 2o A3 BTY HHLYo] o g
Fao] o] &7 ol BRLEe] WEE By o  olF mE A5 BEsw &S ¢ & ok
& Fig. 158} 20| o]% T8 4709 5408 TR ojg} 22 EAS ﬂ}%oi B a7 Agane 2a
Ao MBS 2R3} $goz FAste] T2ahd v Fig 173 2tk
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Fig. 15 Position of strain gages on rebars
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