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The Bond Slip Behavior of High Strength and Ultra Lightweight Concrete
According to Compressive Strength and Unit Weight
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The demand for high strength and ultra-lightweight materials to incorporate the advanced technology of nanomaterials into
the lengthening of structures is continuously increasing. Therefore, based on existing research results and numerous mixing
trials, we derived a mix of high strength and ultralight concrete of a compressive strength of 100 MPa with a unit weight
of 18 kN/m? and a compressive strength of 80 MPa with a unit weight of 16 kN/m® and evaluated their performance. In
this paper, 108 specimens corresponding to high strength and ultra-lightweight concrete with a compressive strength of 100
MPa under a unit weight of 18 kN/m?, and a compressive strength of 80 MPa under a unit weight of 16 kN/m® were
manufactured, and the bond characteristics were identified by performing a directly tensile tests, and the bond
characteristics were evaluated by comparing them with the experimental results and the current design criteria. It was
judged that the bond strength calculation formula of AC-408R and the experimental results were not accurately reflected,
so an bond stress equation based on ACI-408R was proposed. The result of the proposed equation was that the deviation
was somewhat reduced. In addition, the results of calculating the CEB-FIP model and the modified CMR model using
statistical analysis showed slight differences from the experimental results, but considering that the bond behavior is a local
behavior, the proposed model appears to explain the bond behavior of high strength and ultralight concrete as a whole.
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1. M2 Cf dEtdoz EAE 50 MPa, IS 16 kN/m® H=9| 1
dk 4 232 Es WHEY 52 0/18¢ 15 4=t

Lt 29| 42, nAHM= AN L MxJ|eo BExoz2 Z32E 29| X[USHE oM AFO| EtALILFE(Carbon
CHYsH 2029 380| 27t5atRXIRE &20lle Lo &2 Nano Tube : CNT)2| AIBRE M7} 7hset A2 X Tt
ot 4 3 ZHld gz AMAEE0M0| BHALLERE 59 (Baldzs 1993). J2{L} Jung(2010)01 2[5HH LY=L= 80 MPa
M20| X|&Moz Z7tskn QICHSIm and Yang 2011), E8F X CHRIZ2E 16 kN/m® M=o e R4 F32|EE MAE 4
29| stz 25t X&Ho2 2THE U 2AZ MR @ U= D= 28T ok sHAIXIZ MASIE leH, ZEEM 2
27t Z7tstn QM= AIXO|CHSIm and Yang 2010), Ol &2|= HiE 59 Ot JH Lk Mg 0] X0l
O|3f3t IUE 2 =72 230|E IRES FMEt67| QIHA 2oz MG QUCHLee et al, 2022; Gu et al, 2023), 0|2{5t
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ASLE 3 HIFH0| M2 1dE 2ZY Z32EQ BA-EH HE
M EE5H = 7K gEfe] 232E &, U=UE 100 MPa, TS Table 1. Density of the materials used
2k 18 kN/m® 2 BT 80 MPa, THIEEF 16 kN/m® HEQ| Density (g/om)
2= 22 23229 HES =85k 1 452 BN Silica | Silica | Silica | Solid | River | Pended
Ch ol2fet =3ol= E7otl 1dE 24 232|ES 7&K fume | powder | sand | bubble | sand :;Zeg]; izl
22 AMEoP| fleiMe H29 ARZ0| E4M0|lH 232(EQ 0.46/
FA2s U DS 02 B Koteael e 2xsy 0 | 2 [P ) ee | 2] 0P ] 2O
Off Ciet A7t iR L6 of 4~ QoL OFEIIK] Y=L
100 MPa, He|Z2F 18 kN/m® 2 80 MPa, Tre|=2t 16 kN/m’ (Microsphere)O|Ct. =7+ 0,46 g/em®, 0.60 g/em*Ql &2|=H]
MEo| 1T R 232|ES PR XMEst7| Y5t et E2 MEoIULL &2lE HEQ Z32|E S st AR
of 7|Z0|Lt 232|EQL Bo| A EMof| 2ot vt £&6t E O|M~29] Paatol mofs fIot Mel7MHEet S2|EHE
Al™olct = NEoH 490t ZHENA S2|EHES Alget 292 tigls
et 2 =20|lM= UEZE 100 MPa, THIE2F 18 kN/m® TSI, AMEE 2 =X S0 tiet HIE2 Table 101 LIEt
9 UEAE 80 MPa, THIEZF 16 kN/m® HE=o| nU: =P LAIACE,
=32|E 108712 AHE MAfetn 2 ol Ags +asto BALILFH(CNT) SUHE TS 2I510] +8% HEE Y
1Ze 238 ZALEC| BAEHS miotet, Aol ot S HiEtoll ZEM S22 0116 % HIISIRCt, S HZ2 U
OLEZIT 100 MPa, THOIZ2¥ 18 KN/mP U QIEZIE 80 MPa, TH9) HATOI A KIZ=El SD400 MES2 KS 7|20 Xglst 28 Hdst
3216 kN/m’ H2o| nUE x4 232|EQ| BAZE0 o o ALSoRACt.
A AATIE 2eto] E 71E M EnE Hluste 1gdE x4
g ZA2|EQ BEAEHS HIISIRIC 2.2 238|E 4 H2
Z32|EQ 28 AEUT = 80, 100 MPa0|H, 28 HHeS2t
2. Hd A=l 216, 20 kN/m’C 2 HslQion, 232EQ RENS StH5Y|
flotd PCAH 18 d4HE AMESIUL, Higt|= Table 22t
2.1 AEx= 2t} A3l AIRE B32|E0| 289 QIEYE, B4 2 EO)
2 o0 M ZENR 2L SMOIM HIZEN1E 2ERSW ST Y ZUES Table 30f LIEFHOD, BRSOl X1 =5
C AHE, AlR|7IE, Al2|7} THRH, 42| HES ARSIt Tk ASas 32 ES Bl HASE AR LIENHS
ABMRE AzFMME, Lot 256 g/em’l 2ot UL} O, C9IEE a0 M2 Baleol Mateidol o 2 A2
075 g/em’el WANE IS NETIUL A2 B=e 2= UEED
74265 g/cm’Ql MAS AI25I¢on, BWAME FBHO| H|ES AlSlol| AFRE HZ2 SD4002 2 EFQIRAIY At B &
°F 1.0 Z0|ct B2i0= 4265 MPa0|iCt
o Y2 Hig0l M= VAN Tz, Hiliske S2lEHES
MESIROH, £2|EHES R = TISHE0H, Fal OjAx
Table 2. Concrete mix proportion
Unit weight (kg/m’)
v v [ [ el o] s [ o [m]or[ o [m
Step2 208.0 352.0 170.0 - - - -
Step3 2125 | 79 1109 208.0 - 211.0 - - 111.0 0.4 9
N80 023 542.0 83.0 - - - 661.0 | 9200 - - 103 o
NI100 1330 710.0 100.0 - - - 650.0 850.0 - - 13
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Table 3. Concrete properties

Compressive Elasticity Unit weight
ID strength at 28 modulus (KN/m?)
days (MPa) (MPa) | Mosture | Saturate | Dry
Step2 118 25,748 17.8 17.7 17.7
Step3 88 17,722 15.2 15.2 15.2
N80 83 38,586 24.5 24.2 24.2
N100 95 41,846 24.5 24.5 24.5

Table 4. Test variables

Lightweight Solid Reinforcement | Embeded length
D . .
aggregate bouble diameter (% diameter)

Step2 Use Use D13, D19, D25 2,5, 8

Step3 Use Use D13, D19, D25 2,5, 8 23 Jélén-lmgl aj EI_IH gg

N80 - - D13, D19, D25 2,5, 8 5

Oot=7} Cto F ol otx7}

N100 i - DI3, DI D25 | 2.5 8 QUSUE 100 MPa, THIZH 18 kN/m® ¥ AEZ= 80 MPa
CHOIZEEt 16 KN/m® IZE 272 232|E0| BAES Hrtst
7| st Aslrar F3a|E HiE 44T (TYE 22 Z32|E

R 9 Yyt 2I2IE), B2 A 32, 19, 25 mm) ¥ 220
LvT 251210| 34Z(H2 XZHo| 2, 5 8HY)O[Ct 0[2{3t AlFHAS
/ TPl ABAIEHS £ 1087H(4x3%3=367H, 33] gH=)o|ni, A5
d #E2 Table 40 H2|/0] ACH, HBAHSO| HNL Fig, 10,
Bona || 515 THoHRIR| SIS Fig. 20f LIEFLIRICE
\\4 ML AES 2.000 KN 8252] UTMS 012310{ X0l
5~15¢m S s on, ol 0.5 mm/mine] £E2 35S MotolH
U M LVDTE 0lg 310 2420t Z3pl=tiol Mri9ls Susielc]
[ 1 [ | -
| | 3. Az U 2N
3.1 Baizz, ool g4

g HIREE! ABAIEHO| Che X 2820l X QMBS S8t}
?i@*% T Table 50{ LIEFSCH

Fig. 1. Shpae of specimen

Table 5. Results of ultimate loadand failure pattern (unit : MPa)

Embeded length (* diameter)

D 2 dy 5 dy 8 dy Remark
DI3 DI9 D25 DI3 DI9 D25 DI3 DI9 D25
Step2 3947 37.65 2938 2082 | *1956 | *1121 | *1839 | <1493 | 984 | o
Step3 3433 2857 | *1228 | 2823 1484 | *1247 | 1773 | *1297 | *1175 | the ofhers are
N8O 47.15 41.83 37.20 3041 2091 | %2989 | 19.11 18.66 1732 | reinforcement
N100 59.51 30.16 4423 30.00 30.16 29.68 18.20 18.87 18.40 slip failure
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4.1 ACI-408R (2003)

Orangun et al (1977)2 X MAV|ZCRZ AELD s
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Fig. 9. Comparison between the interpretation results and
experimental results by equation (2)

Table 6. Analysis model coefficients for concrete mixtures

Orangun model coefficients
P a B ) € R?
ACI 0 0.10 0.25 4.15 0.53
2-a 0.74 0.10 0.25 4.15 0.78
2-b 1.15 0.12 0.20 6.94 0.85
2-c 1.04 0.48 0.25 4.15 0.78
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Fig. 10. Comparison between the interpretation results and
experimental results by equation(2-a)
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Fig. 11. Comparison between the interpretation results and
experimental results by equation(2-b)
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Fig. 12. Comparison between the interpretation results and

experimental results by equation (2-c)
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4,3 CEB-FIP Model Code (2010)

Z32E U ti2E E2e EANSE RAlGH| o CEB-
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17 s, —s,

=T for s, <s (3—d)
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4.4 Modified CMR
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27| Modified CMR model0f| A= £

2 722 A0 23 SANX|S D250l £S5

FII’
1o ol

=[1—exp(—ps/s,)]* (4)
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Fig. 15. Comparison between the proposed bond model and
experimental results by STEP2 2d
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Table 7. Comparison between tests and existing research results by AlS| tHHAOlL BT 7} olx|E Clo|=at oA
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2 BT Ak FES Holg 4 Qlon, 1 2t
Test T| Sy CEB-FIP Modified CMR model _ ~ L -
= =O5 ek
D Norlom e 1@ alsl 2] - HAFEI|E 0| BAACO HIEY0| 23 FHS 7|
DI13| 3947 | 0.65 | 0.52 | 095 | 096 | 3.12 | 0.99 | 37.80 7(|E 7219; HH%E*
2d |DI19| 3536 | 121 | 041 | 0.88 | 1.07 | 5.55 | 099 |35.21 3, ACI-408RS 4510 M|orst @eln} Alx| AIS1ZADIQLo| H)
D25 2923 | 029 | 0.68 | 097 | 1.35 | 3.02 | 0.99 | 27.32 mi=} %BH %éDE'O I_|I-7.|| I—-tEHTAr

7
D13| 29.62 | 23.06 | 0.17 | 0.87 | 0.28 | 3.19 | 0.93 | 29.27 -
o =7t Xt oH= 7{Oo i ot sy
Step2| 5d |D19| 19.82 | 037 | 0.80 | 098 | 1.31 | 2.46 | 0.97 | 17.63 _D:i' Oﬂ_‘H)‘E E)\I.Oh— /d_i ‘j‘j‘JE

D25| 1741 | 0.66 | 037 | 093 | 0.64 | 3.62 | 0.99 | 17.11 4 EABME E5l 2
DI3| 18.64 | 2252 | 0.14 | 0.77 | 024 | 418 | 0.82 | 18.57 AIS{Z T} Mot DElZio| WA EXI5H = SHX|DF T
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Moz A HAShE Az HEHELD
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Step3 | 5d | D19| 17.81 | 096 | 032 | 0.80 | 0.85 | 812 | 091 | 17.81 None,
D25| 12.63 | 0.72 | 0.53 | 098 | 0.82 | 253 | 099 | 11.8
D13 | 18.64 | 29.69 | 0.15 | 0.88 | 025 | 3.2 | 0.93 | 18.45
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