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Bond Characteristics of Ultra High Performance Concrete

Kyung-Hun Kook," Hyun-Oh Shin,"” Im-Jong Kwahk,” and Young-Soo Yoon"*
YSchool of Civil, Environmental and Architectural Engineering, Korea University, Seoul 136-701, Korea
“Korea Institute of Construction Technology, Goyang 411-712, Korea

ABSTRACT Ultra high performance concrete (UHPC), is characterized by its high compressive strength and advanced tensile behav-

ior that is much superior to those of conventional concrete. In order to apply this new material in practice, the bond characteristics of
UHPC were evaluated in this study. Pull-out tests between UHPC and deformed steel rebar were carried out according to the modified
RILEM test method, and were verified by finite element analysis. From the test results showed that UHPC presents 5 to 10 times higher
bond strength compared to normal strength concrete, this study suggested remarkably reduced development length and concrete cover
comparing to existing specifications. The test results of 700 MPa high strength steel rebar demonstrated the applicability of high strength
steel to UHPC. In addition, the transfer length measurements of seven-wire strand in UHPC specimens indicated that the transfer length
limit set by the current design code is very conservative for UHPC.
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Table 1 Mix proportions of UHPC (by weight ratio)

Table 2 Variables of pull-out tests

WAB | Cement Silica Sand | Filler Super Steel Strength of Designation of rebar [Bond length| Thickness of
fume plasticizer | fiber rebar (MPa)| (diameter, mm) (mm) cover (mm)
0.2 1 . 025 | 1.1 0.3 0016 | 2% _— 9.5 9.5, 19.1, 45
*Volume fraction of fibers (9.53) 19.1 19.1
28.6 9.5, 19.1, 45
A= 0.5 mmoldte] EFAF RS ARgslgon], A 12.7 127, 25.4 69
= qu}g_oq Hed A717F 2 um, SiO, &) 98% ©] (?2173) 254 254
oltt. Al EF|ZEEAAe T AAlE AR 38.1 12.7, 25.4, 69
Elg= 15.9 15.9, 31.8, 67
) ) 400 (?;96) 31.8 31.8
22 HZo| QMg 477  [15.9, 31.8, 67
19.1  [19.1, 382, 90.5
A 714 UHPCS} Aol Qi gol s 48 A D-19 382 382
d gwel f171 miel, 7ol UHPCe] A= 3t -3 (D 573 [19.1,38.2,90.5
545 ®7kel7] flete] 7 el 8% RILEMOIA 202|222, 44.4, 89
FHskE AFYRILEMY)S vlgo g UHPCS 544 D-22 144 444
= skl A FAS Tt @RE HEsisler, o 222 666  |22.2, 444, 89
g 8 Ay A7ASe) 49 Aot BAL Axal 27 127 254 6
Ak s 700 D-13 254 254
RILEMOIM & ZagES Ho] 23 7ol 54,2 (12.7) Bl 127, 254, 69
FAs oy oyt FA Zol= dnt FAYEE
71FE0 2 3 Zloln, 71& ¢ (Hegge 5, Holschemacher o 13 6o © 13 6
T, WeiBe §'")elM sdol Fste 3 deolg A&
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Fig. 1 Specimens of pull-out tests (unit : mm)
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Table 3 Variables for transfer length test

Diameter of strand

Concrete cover

Length of specimen

1d (12.7 mm)

12.7

2d (25.4 mm)

3d (38.1 mm)

ld (15.2 mm)

152

2d (30.4 mm)

3d (45.6 mm)

1,200 mm
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Table 7 Summary of pull-out tests

A8tk Bl & 2447 1A kag o] 72A17+ 9 Steel Bond Concrete | Maximum | Maximum
=5 obAO. Al Al=lod o 1o = Eol Exjo rebar length cover load strength
[ 7] [e] g = E}\] O]—/\l\-—-tﬁ' %X] A L.ia-——'/] = O (dia.[neter) (mm) (mm) (kN) (MPa)
Table 401] ili}ﬂl °i‘jr¥ o 9.5 20.7 72.9
w3l Z=7lC s =A5)7
"L‘ Z O O ——‘ O
o B il ) 45 21.6 762
& 100 x 100 x 400 mm ’\Eg*ﬂg— 7<1]5}’6}°=] -dﬂ": A3 D10 9 9 11 723
& AASATh UHPC wiete] 4574 %=E °oF 180~ (9.5 mm) 03 3 49'7
190 MPa ¥ 91¢] vl Z& ¥¥E Yehfo] bgdo : : :
o Eu Lol sl o 28.5 19 412 48.4
2 A5E R 3 A== 15~-35MPazE &
= - - _ 45 44.4 52.2
ARE JERISE, ol dael wadd ue 29
T B AF YolA Aolg nol: Adekw ¥ 4 S B
ol 12.7 254 51.8 102.2
IR .
A2 coupon testE HA|Ste] AIE Table 60 LEF DI3 69 46.9 92.5
(12.7 mm) 254 254 69.1 72.6
Table 4 Characteristics of fresh UHPC 400 MPa 12.7 67.6 44.5
Batch Ist 2nd 3rd 38.1 254 71 46.7
Air content (%) 1.0 1.6 2.0 69 68.4 45
Flow (mm) 170 160 170 15.9 36.1 454
15.9 31.8 50.7 63.8
Table 5 Strength of UHPC 67 56 705
Batch Ist 2nd 3rd D16 318 318 100.4 632
Compressive strength (MPa) | 1926 | 177.7 | 179.6 (15.9 mm) 59 001 753
Flexural strength (MPa) 15.9 34.7 29.5 477 31.8 111.6 47
Table 6 Steel properties 67 1163 488
- —— - 19.1 82.7 72.1
Desienation Nominal strength| Yielding Failure
en load (kN) | load (kN) | load (kN) 19.1 38.2 102 89.4
DI0 284 35 40 D19 % 9.8 87.1
DI3 (400 MPa) 50.7 55 80 (19.1 mm) |52 38.1 140 60.9
D13 (700 MPa) 88.7 95 120 19.1 60.4 17.6
Di16 79.4 110 130 57.3 38.2 146.2 42.5
D19 114.6 145 175 90 150 43.6
D22 154.8 195 240 222 87.5 56.3
222 444 104.6 67.1
700 D22 89 121.2 78.2
600 | (22.2 mm) 444 444 173.7 56.8
__ 500 22.2 168.5 36.3
3 66.6
S 400 444 206.4 44.5
g 00 | 12.7 27.1 53.5
D 200 t 12.7 254 41.3 81.4
00 | D13 69 33 85.4
0 (127 mm) 254 254 71.1 70.2
0 002 004 006 008 01 012 014 016 018 0.2 700 MPa - - - -
Strain (mm/mm) 38.1 12.7 90.7 59.7
Fig. 2 Steel stress-strain curve 25.4 105.3 69.5
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Table 8 Transfer length of 12.7 mm strand

. Transfer length (mm)
Specimen -
Live end Dead end
13-1d 237 54
13-2d 235 165
13-3d 250 242
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Table 9 Transfer length of 15.2 mm strand

. Transfer length (mm)
Specimen -
Live end Dead end
15-1d 380 265
15-2d 311 265
15-3d 375 246
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Fig. 10 Material model of interface
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Table 10 Analysis of D10 specimens

. A B C
Specimens (MPa) | (MPa) | (MPa) B/A | C/A Mode

SP-10-1C| 76.2 | 762 | 80.4 |1.000 | 1.055| Crack
SP-10-11 | 72.9 | 729 | 76.9 |1.000 | 1.055| Crack
SP-10-12 | 75.0 | 75.0 | 76.6 |1.000|1.021 | Crack
SP-10-22 | 723 | 65.8 | 68.8 [0.910|0.952| Yielding
SP-10-31 | 49.7 | 453 | 45.8 | 0.911|0.922 | Yielding
SP-10-32 | 48.5 | 41.1 | 45.8 |0.847|0.944 | Yielding

Table 11 Analysis of high strength rebar specimens

A B C
i B/A A | M
Specimens (MPa) | (MPa) | (MPa) / C/ ode

7SP-13-1C| 854 | 854 | 89.9 | 1.000 | 1.053 | Crack
7SP-13-11| 53.5 | 53.5 | 56.4 | 1.000 | 1.054 | Crack
7SP-13-12| 81.4 | 814 | 86.6 | 1.000 | 1.064 | Crack
7SP-13-22| 70.2 | 70.2 | 73.3 | 1.000 | 1.044 | Crack
7SP-13-31| 59.7 | 582 | 583 | 0.975 | 0.977 | Yielding
7SP-13-32| 69.3 | 585 | 583 | 0.844 | 0.841 | Yielding




(a) D10 (400 MPa)

Fig. 11 Stress distribution
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