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EXPERIMENTAL STUDY ON BOND STRENGTH OF TENSION RERORCING BARS OF
DIFFERENT DEVELOPMENT LENGTHS

PR BEREERT, KiE B
Koshiro NISHIMURA, and Naoki ONISH|I

Pull-out tests of reinforcing bars of different éeapment lengths were carried out. The specimems iméended for the condition in R/C beams
including cut-off bars. As a result, the followirgnclusions can be drawn: total bond force reathgseak before the peak of bond stress of a
short length bar or at the same time; therefoi® ieasonable in design to evaluate the total wapdcity; effects on the capacity of increasing
shear reinforcement in single and double layered bare almost the same; the capacity of diffefength bars was smaller than that of

identical length bars.

Keywords: reinforced concrete, deformed bar, bond splitting, double layer, cut-off
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Fig.1 Pull out test of steel bars
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(a) Bending moment diagram
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(c) Bars cut off in 2™ layer

Fig.2 Difference of stresses in steel bars due to cut-off
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Tablel List of specimens and concrete properties

Table3 Parameters for test

No Name of Concrete Shear reinforcement rat,, (spacing
"| Specimens | Age[days]| os[N/mm’] | o [N/mm?] | Ec[N/mm’] Fob | 0.29% (De@160] 0.4% (D6@8) 0.6% (D10@1]8)
1 2C3-F21 37 C3c3
2M3-F21 40
20.1 1.86 T3C3
4C3-F21 64 2074 21
2 C3
4AM3-F21 65 V3
2C3C3-F21 54
3 224 2.29
2T3C3-F21 55 20,910 cacs
4 2C3C3-F24 39 24 T3C3
2T3C3-F24 40 M3C2
25.3 218 | 22.9x10
5 2M3C2-F24 54 T3C2
2T3C2-F24 52 caca |
4C3C3-F24 a7 C3
6 4T3C3-F24 49 % M3
- 27.3 250 | 23.0x10 ;
AM3C2-F24 55 mam? |
7
4T3C2-F24 56 54 c3
g |6C3C3-F24 59 M3
6T3C3-F24 60 *1: Specified concrete strength [N/’]
6M3C2-F24 63 26.2 2.65 23.2x10 *2: Tension is applied to the middle bar only
9
6T3C2-F24 66 Eload B Measuring A f
10 |2C3:F36 66 \ region:500mm \ Nut
2M3-F36 67 370 328 | 27308 | \ !
11 4C3-F36 94 E::::::::::::::i&:::i T
4M3_F36 95 € & SR e R R Aoy o S 27?\:]{} LI
2C3C3-F36 76 < ; =
12 7. 2. Specimen
2M3-F36m 83 373 % 28,01 Rotation axis, 0 1
ol — ; Bearings,
- 52.7 2.96 30.9 x1 Steel bed
14 |4C3-F54 9% Steel bed \%
4AM3-F54 97
og: Compressive strength of cylinder, : Splitting tensile strength
E.: Secant modulus of elasticity at 1/3 strength ‘ 700 ‘
Table2 Mechanical properties of deformed bars =
Yield stresq Tensile strength Young's modulus : :
Group OfJ Designatior] ) ) 9 9 5 Fig.6 Loading setup
specimen: [N/mm’] [N/mm’] [N/mm‘]
D6 338™ 500 187 x1¢ Load  pisplacement transducer
F24 D10 348 504 189 x1¢
D19 547 687 193 x1¢ e e e S e
EZ::::::::::::::::::::QJE-E:_ :E
F21 D6 351" 509 190 x10 -
F36 Specimen
F54 D19 705 897 190 x16 Rotation axis, D/D_

*1: 0.2% offset method
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(a) 4C3-F21

(e) 4AM3C2-F24

(c) 4T3C3-F24

(f) 4T3C2-F24

Photol Specimens after failure
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Fig.8 Total tension — pull out displacement curves
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Fig.10 Total bond force — pull out displacement curves
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(a) Tensile stress at section A

Fig.11 Stresses in the specimen 2C3-F54

(b) Bond stress between A-B
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(a) Tensile stress at section A

(b) Bond stress between A-B
Fig.12 Stresses in the specimen 4C3C3-F24
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(a) Tensile stress at section A

(b) Bond stress between A-B

Fig.13 Stresses in the specimen 2M3-F36
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(a) Tensile stress at section A (b) Bond stress between A-B

Fig.14 Stresses in the specimen 4T3C3-F24
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(a) Tensile stress at section A (b) Bond stress between A-B

Fig.15 Stresses in the specimen 4T3C2-F24
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(a) Tensile stress at section A
Fig.16 Stresses in the specimen 4M3C2-F24

(b) Bond stress between A-B

40C —~o- Istex 400 —————9
30¢ - - 1stin & 300 oL
20C £ 2009
10¢ Z 100} .-~
0 S
) A
Section f Section A Section B Section A
Y Topsurfact | Jy  Topsurfac
\ d 7 T
: e
} IT1 9 i )

| . ; %
Lo
Side surfac Side surfac

(a) Before ATyax at D (b) After ATyax at @
Fig.17 Development of cracks and stresses (2M3-F36)
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Table4 Maximum strain of shear reinforcement

. Strain ] . Strain p]

No. [ Specimen hoop. 4_hoop, b No. | Specimen hoopJa_hoop, b
1 2C3-F21 Y 2893 11 4C3-F36 Y 1855
2M3-F21 3658 | 2939 4AM3-F36 Y 1759
2 4C3-F21 Y Y 12 2C3C3-F34 Y Y
AM3-F21 Y 2686 2M3-F36m| 834 164
3 2C3C3-F21 Y Y 13 2C3-F54 Y 3704
2T3C3-F21| Y Y 2M3-F54 3228 Y

10 2C3-F36 Y Y 14 4C3-F54 Y Y
2M3-F36 Y Y 4AM3-F54 Y 2193

* Upright type: former loaded specimen, Italic typetelatoaded specimen
*"Y" means the value is greater than the strain 2&0offset strength.
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(e) Specimen 2M3-F36 (f) Specimen 4M3-F36
Fig.18 Stresses in shear reinforcement
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B CIZ LEEH, 2B A CIX 2BEA OfEAZ R LT\ 5, Table6T
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FIZERRR 3 ARDRIEIE S B FIE O e RAB T TR & AR 25 3R EE
HAEMETH D, MEREOHEMIIT, B - HICE 50 LR
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Table5 Test results of single layered specimens

Name of Js Pw T bvax [N/r‘l’lr‘l’lz]xl AT max
Specimeng [N/mm21 [%] Ist-ext.| 1st-int.| 1st-ave. [kN]
2C3-F21 20.1 2.37 1.82 2.19 196
2C3-F36 37.0 0.20 2.84 3.23 2.97 266
2C3-F54 52.7 3.97 3.83 3.93 352
4C3-F21 20.1 3.10 3.07 3.09 276
4C3-F36 37.0 0.40 4.16 3.90 4.07 365
4C3-F54 52.7 5.17 4.49 4.94 442
2M3-F21 20.1 2.32 2.70 2.31f 207
2M3-F36 37.0 0.20 2.71 3.70 2.92] 262
2M3-F36m 37.3 5.71 1.86 167
2M3-F54 52.7 3.11 3.83 3.30) 295
4AM3-F21 20.1 2.49 3.83 2.78] 249
4AM3-F36 37.0 0.40 3.17 4.56 3.20] 287
4M3-F54 52.7 3.78 5.67 4.02] 360

*1: Shaded bond stresses are for the bars withl loof 688 mm
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Fig.20 13, 2 Br HEEAY 2 KD M3C2-F243 ) — X & T3C2-F24
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ATJAT, O FEBRIED W % T # e L 25 HEE S FRTR L
TWo, WV —ZXDENI LEBOPFHOMERITEN, 2B HEk
5 D Touax \ZKZREWL RN oTz, Fiz, T3C2-F24 vV —X &
Fig.19(cy> T3C3-F24> U — XDV T 2 Bt H SR AL /273, $bhih
LU XD FFEMIL, BIE OV Y — X TR, #E TIEORMR
AN & A2 0 RHIASEE I E VAR b,
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I TR RFFIEFAEY, IR, B AT 2 SO TR

Table6 Test results of double layered specimens

Maximum bond stress
Name of OB , Pw 1st-ext. 1st-int. 2nd-ext. 2nd-int. 2nd-ave. AT wax ATYAT,
Specimens{ [N/mm? | [%] TbMAXZ ATAT, TbMAXZ ATJAT, TbMAXZ ATYAT, TbMAXZ ATAAT, TbMAXZ ATJAT, [kN]
[N/mm’] [N/mm’] [N/mm’] [N/mm’] [N/mm’]
2C3C3-F21 22.4 2.20 1.61 2.22 1.61 1.3¢ 1.60 1.39 1.p1 137 61 1] 321 1.61
2C3C3-F24 25.3 | 0.20 2.09 1.40 2.07 1.4( 1.49 1.40 1.49 1.40 1149 40 1 321 1.40
2C3C3-F36 37.3 2.20 1.31 3.01 1.31] 1.92 1.31 1.83 1.1 1i89 31 1 390 1.31
4C3C3-F24 27.3 0.44 2.85 1.43 2.82 1.4p 1.99 1.42 2.00 142 99 1. 1.42 435 1.42
6C3C3-F24 26.2 0.6( 3.37 1.50 3.3] 1.50 2.22 1.49 2.8 1449 24 2. 1.49 503 1.50
2T3C3-F21 22.4 0.20 1.52 1.16 1.75 1.42 1.61 0.71 1.81 0.y3 168 71 0f 273 1.01
2T3C3-F24 25.3 2.00 1.04 1.88 1.19 2.0 0.7]7 2.03 0.Y5 201 75 0 341 0.96
4T3C3-F24 27.3 0.4 2.31 0.92 2.17 0.94 2.56 0.8§2 2.59 084 57 2, 0.82 427 0.85
6T3C3-F24 26.2 0.6( 2.46 0.84] 2.23 0.88 2.95 0.18 2.83 0J78 91 2, 0.78 470 0.81
2M3C2-F24 25.3 0.24 1.87 1.86 3.01 1.2] 2.58 0.95 318 1.24
4M3C2-F24 27.3 0.49 2.13 2.01 3.77 1.2] 2.99 1.09 same as 2nd-ext] 385 1.21
6M3C2-F24 26.2 0.64 2.60 1.07 3.87 1.2 3.72 0.9 443 1.12
2T3C2-F24 25.3 0.2( 1.98 1.36 1.59 1.9 2.46 0.80 same as 2nd-ext 294 1.17
4T3C2-F24 27.3 0.4( 2.57 1.25] 2.47 1.29 3.36 1.03 417 1.16
*1: Shaded bond stresses are for the bars with lpof 688 mm
6 Tomax IN/mm?] Tomax [N/mm?] Tymax [N/mm?] ngAX [N/mm?] 02C3ca
Maeda Formula Maeda Formula 5 AT,/AT,=0.79 AT/AT,=0.73 _102T3C3
\] /__,,——' 3 | Tsuihiji Formula ]
4 4 r D,/’/ 2
2r Tsuihiji Formula
’ o [ Fujii Formula OC3C3.F24 1 r
Fujii Formula 1 OT3C3-F24 AT,/AT,=1.44
Oy o _ (2
. | N /mnf] ) | [N/mBn]Z] AT1/AT2—1.44 | | B [Df’ ) | . (N/m ”,‘2]
15 30 45 60 15 30 45 60 00 02 04 06 08 15 30 45 60

(a) Single layer with p,=0.2% (b) Single layer with p,=0.4%

(c) Second layer of F.=24N/mm?

(d) Second layer with p,=0.2%

Fig.19 Comparison between tests and calculations for averages of bond stresses in the same layer
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Fig.20 Averages of bond (a) Single layer with p,=0.2%

stresses in the second layer
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Fig.21 Bond strength for mid bar in the extreme layer
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Fig.22 Effect of reinforcement on
total bond force force for double layer
Table7 Average and coefficient of variation of
ratios of test value to calculation

Group Experimental value CalculationAve' of c.o.v.
expl/cal
C3C3 Tpwax Of 2nd layer bars Tsuihiji 0.94] 0.088
T3C3
T3C2 ATuax Ea.(1) 1.07 | 0.068
. . Fuiji 1.12 0.149
T of mid bar in 1st layer
|\(/|:§ X Yl Maeda | 092] 0.130
AT vax Eq.() 1.03 [ 0.094
) . Fuijii 1.17 | 0.031
T of mid bar in 1st layer
s b OF mid bar Y™ Maeda | 091| 0.059
Tomax Of 2nd layer bars Tsuihij 0.87 0.022
AT vax Eq.(1) 1.00 | 0.012
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Fig.23 Maximum of total bond
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Fig.24 Maximum of total bond force for single layer
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(a) Single layer (b) Double layer

Fig.25 Influence of different bond lengths of bars
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There have been many pull-out tests of single anble layered deformed bars to investigate borghgth in R/C memberd

4-19 n these tests, the development lengths of theware identical as shown in Fig.1 (a). Thesestiesticated that the bond
strengths in the second layer weakened as thesasrés the first layer became large. On the othedhsome of longitudinal
bars at the end sections of an R/C beam are cuh dffe span if those are no longer needed agegggtired loads. In the
previous experimental studies of R/C bedMs?, it was indicated that maximum bond stresses trotfubars in the second
layer were larger than those in bars placed thrahghspan, as shown in Fig.2. In order to evaltiagebond capacities of
multi-layered reinforcing bars, a new method wasppsed?®. This method is for evaluating the capacity oftladl tension bars,
and can be applied to tension bars including cubaffs. However, the method may underestimate d loapacity of a singly
reinforced beam with cut-off bars, and tentativeuasption was adopted for the method because ofeliméxperimental

studies.

In this study, pull-out tests of reinforcing barfsdifferent development lengths, as shown in Fidp)l were carried out. The
specimens were intended for the condition in thambéncluding cut-off bars. Test variables were ivenber of layers, the
number of bars in the second layer, developmergtheity, of bars in the first layer, shear reinforcemeatio;, and concrete
strength. Three bars were placed in the first lageall the 28 specimens, and each test variabke agafollows: single or
double layers; two or three bars in the secondrja®rtly of 500mm or londy of 688mm; shear reinforcement ratios of 0.2%,
0.4% and 0.6%; specified concrete strengths 022136, and 54 N/mfnin this investigation, bond capacities in thegeof
500mm that was the same as shgnivas focused on. As a result of the monotonic-putltests, the following conclusions can
be drawn.

(1) When single layered reinforcement is not sparsengement, regardless of a mixture of shortlangly, the bond strength
of the short, bar can be evaluated by the calculation for gidieting failure with safe margin.

(2) Regarding the double layered specimens, the korngth of the bars in second layer can be ateduby Tsuihiji formula
® by substituting bond force ratio for load ratiaveeen first and second layers.

(3) In the specimen with different development nars, total bond force in the range of 500mneiiea its peak before or
at the same time as the peak of the bond streslsootly bar. Because the total bond force balances os &cgon in an R/C
beam, it is reasonable in design to evaluate tta bond capacity in terms of checking resistarfctn® member. However, an
additional examining must be needed for a locdlifaiof a cut-off bar.

(4) The total bond capacity of double layered baes larger than that of single layered bars. Effaftincreasing shear
reinforcement in single and double layered specéweere almost the same. However, the total bondaigpof tension bars
of differently was smaller than that of identidal Especially, the specimens which the mid bar st fiayer was shorter than

bars around it, showed lower capacities than teeisgens with identicdl bars by about 80%.



