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With the recent development of nanotechnology, its application in the field of construction materials is continuously
increasing. However, until now, studies on the bond characteristics of concrete and rebar for applying high-strength
lightweight concrete with a compressive strength of 50 MPa and a unit weight of 16 kN/m® to structural members are
lacking. Therefore, in this paper, 81 specimens of high-strength lightweight concrete with a compressive strength of 50 MPa
and a unit weight of about 16 kN/m® were fabricated and a direct pull-out tests were performed. The design code for the
bond strength of ACI-408R and the experimental results are shown to be relatively similar, and as a result of the CEB-FIP
and modified CMR bond behavior models through statistical analysis, it is shown to describe well on average.

JFE : DY, T, PANS, NBOLA
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Table 1. Concrete mix proportion

Unit weight (kg/m’)
W/B

D S G
(%) | W | C | FA |GGBS| SF | CNT

N | EC| N | Ec
NC 102 - | 475 - -
EC+C| 20 | 91|306| 77 | 77 | 51 | 12 86
- 1434 582
EC 102 -

NC : normal concrete, EC : lightweight concrete,
¢ : including CNT, W : water, C : cement, FA : fly ash,
F : silica fume, S : sand, G : gravel

Table 2. Concrete properties

Compressive | Elasticity Unit weight
D strength at 28 modulus (KN/m’)
days (MPa) (MPa) Mosture | Saturate | Dry
NC 65.1 30,462 21.1 21.5 20.8
EC+C 422 18,381 16.8 17.2 16.1
EC 50.7 20,078 169 17.4 16.5

Table 3. Test variables

Lightweight Reinforcement | Embeded length
ID CNT . .
aggregate diameter (x diameter)
NC - - D13, D19, D25 2,5 8
EC+C Use Use D13, D19, D25 2,5 8
EC Use - D13, D19, D25 2,5 8

=27 20223 62 169
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D25
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D19
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16.7*

=

D13
27.3*
19.1*
21.5%

D25
224
13.1%
16.3*

5 dy
Reinforcement
29.3*
25.8*
26.1*

D19

Embeded length (* diameter)

253
26.3
27.8

DI3

D25
273
19.1
21.3

2 dy
Reinforcement
DI9
33.9
31.5

Fig. 2. Test setup
28.4

29.9
29.8
312

D13

NC
EC+C
EC
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Table 4. Results of ultimate load and failure pattern
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(c) Bonded length = 8d

Table 5. Comparison between tests and existing research results by Orangun et al. 1977 (unit : MPa)
Embeded length (mm)
2d 5d 8d
b D13 D19 D25 D13 D19 D25 DI3 D19 D25
Test | Eq(2) | Test | Eq(2) | Test | Eq(2) | Test | Eq(2) | D19 | Eq2) | D25 | Eq(2) | D13 | Eq(2) | D19 | Eq(2) | D25 | Eq(2)
NC 29.90 | 36.39 | 33.90 | 39.74 | 27.30 | 26.47 | 25.30 | 26.35 | 29.30 | 19.70 | 22.40 | 16.42 | 27.30 | 23.74 | 22.70 | 17.18 | 16.80 | 13.91
EC+C |29.80 | 29.30 | 28.40 | 23.95 | 19.10 | 21.31 | 26.30 | 21.21 | 25.80 | 15.86 | 13.10 | 13.22 | 19.10 | 19.11 | 13.10 | 13.84 | 13.00 | 11.20
EC 31.20 | 32.12 | 31.50 | 26.25 | 21.30 | 23.36 | 27.80 | 23.25 | 26.10 | 17.38 | 16.30 | 14.49 | 21.50 | 20.95 | 16.70 | 15.17 | 13.90 | 12.28
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Table 6. Comparison between tests and existing research results by
CEB-FIP Model Code 2010 & Modified CMR Model

CEB-FIP Model
Code 2010

Modified

Test 7| 5, CMR Model

a|R| 7 |la| B|R| T

DI3 | 29.9 | 0.52 |0.34]0.86|29.9 [0.552.78 | 0.88 [29.0

2d | D19| 339 | 0.65[0.30|0.84 |33.9|1.17{9.22 | 0.95 [33.8

D25 | 27.3 | 0.66 | 0.74 | 0.70 | 27.3 |1.89| 3.43 | 0.73 | 25.6

D13 | 253 | 0.79 | 0.21 | 0.68 | 27.6 |0.97| 7.32 | 0.91 |27.6

NC| 5d | D19 | 29.3 | 0.70 | 0.16 | 0.40 | 29.2 10.46| 5.79 | 0.46 |28.5

D25 | 22.4 | 049 |0.37|0.71 | 22.4 |3.99| 10.7 | 0.99 |22.4

D13 | 27.3 | 0.06 | 0.52|0.27 | 17.2 |2.17| 3.41 | 0.34 | 16.1

8d | D19 | 22.7 | 4.09 | 0.45 | 0.88 | 19.3 |0.85|4.69 | 0.89 |19.0

D25 | 16.8 | 0.47 | 0.40 | 0.60 | 16.8 |6.23| 7.79 | 0.79 | 16.8

D13 | 29.8 | 0.69 | 0.30 | 0.68 | 29.8 |0.45| 3.23 | 0.70 |29.1

2d | D19 | 284 | 0.63 |0.47|0.84|28.65.22133.4|0.84 (283

D25 | 19.1 | 0.64 | 0.38 0.71 | 19.4 |1.17] 6.62 | 0.84 [19.3

EC DI3 | 263 | 0.53 | 0.46 | 0.79 | 24.8 | 1.53] 8.60 | 0.97 [24.0

+ | 5d | DI9| 25.8 | 0.59 | 0.31 | 0.59 | 25.8 |44.5| 19.7 | 0.94 |25.8

C D25 | 13.1 | 0.20 | 0.48 | 0.78 | 13.1 |3.36| 8.79 | 0.97 | 13.1

D13 | 19.1 | 0.11 | 1.08 | 0.93 | 17.3 |33.3]| 6.70 | 0.96 | 16.6

8d | D19 | 13.1 | 0.41 | 0.66 | 0.80 | 15.1 |13.8/8.95|0.97 |15.0

D25 | 13.0 | 0.16 | 0.57 | 0.56 | 12.9 |1.62] 3.21 | 0.61 |11.9

D13 | 31.2 | 0.61 | 0.31 | 0.85|31.2 |0.94| 10.3 | 0.97 |31.2

2d | D19 | 31.5 | 1.07 | 1.01 | 0.75| 31.6 | 674 | 11.8 | 0.98 31.5

D25 | 21.3 | 0.79 | 0.91 | 0.87 | 21.5 |4.18| 6.52 | 0.98 |20.1

D13 | 27.8 | 0.79 | 0.50 | 0.69 | 27.8 |9.04| 11.3 | 0.99 |27.6

EC| 5d | D19 | 26.1 | 0.60 | 0.37 | 0.71 | 25.7 |2.16| 8.81 | 0.90 |25.4

D25 | 163 | 0.44 |0.59]0.66 | 16.7 [10.5| 11.4 | 0.95 [16.9

DI3 | 21.5 | 0.11 | 1.09 | 091 | 17.3 |79.1] 6.55| 0.96 [16.5

8 | D19 | 16.7 | 043 | 1.08 [0.83 | 16.1 | 153|7.90 | 0.98 |15.8
D25 | 13.9 | 0.63 | 1.21 |0.74 | 13.8 |71.6] 6.50 | 0.84 [13.4
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