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Bond Properties of High Strength Steel Rebar in High Strength
Steel Fiber Reinforced Concrete
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ABSTRACT This study was to evaluate bond properties between high-strength steel fiber reinforced concrete and high strength
steel rebar. An direct bond test were performed to evaluate the bond performance of high strength steel rebar in two types of high-
strength concrete with steel fiber volume fraction (0, 20, 40 kg/m’). Also, relative bond strength was defined to determine the effect
of steel fiber volume fraction on bond strength. The bond test results showed that the bond performance of high strength steel rebar
and high strength concrete tended to increase with higher compressive strength and steel fiber volume fraction. Relative bond
strength which performed to analyze effect of steel fiber volume fraction showed increased relative bond strength with increased

steel fiber volume fraction.
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Table 1 Physical and chemical properties of cement
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Fig. 1 Tensile behavior of high strength stee! rebar

) Fineness Specific Stability Setting time Compressive strength (MPa)
pﬁggiif?!s (em’/g) gravity (%) Initial (min) | Final (min) | 3 days | 7 days | 28 days
3,200 3.15 0.02 220 400 20 30 38
Chemical L.OI* (%) MgO (%) SO; (%)
properties 1.5 3.0 2.0
* Loss on ignition
Table 2 Physical and chemical properties of fly ash
Specific gravity Fineness Absorption LOI (%)
2.14 3,400 0.13 3.28
Chemical compositions (%)
Si0, AL O, Fe,04 Ca0 MgO Na,O K,0 TiO,
58.12 23.56 7.69 2.59 1.12 0.31 1.42 1.05
* Loss on ignition
Table 3 Physical and chemical properties of silica fume
Specific | L.O.I* Fineness Si0, AlLO4 Fe,04 TiO, Ca0 MgO K0 Na,O
gravity (%) (cm’/g) (%) (%) (%) (%) (%) (%) (%) (%)
22 2.8 180,000~200,000 | 94.0 0.3 0.8 - 03 0.4 0.8 02
* Loss on ignition
Table 4 Properties of steel fiber
Photo of fiber Diameter, ¢ (mm) Length (mm) Tensile strength (MPa)
0.49 31.84 1,195.5
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Table 5 Mix proportions of high strength concrete

kg/m’
Type of WiB S/a Fiber voluem
concrete (%) (%) W B* C FA SF G S HWA** | AE*** fraction (%)
0
Mix no. 1| 25.0 420 | 165 | 660 | 495 | 99.0 | 66 | 889.8 | 597.8 | 11.88 | 0.396 | Steel:0.26
Steel : 0.51
0
Mix no. 2| 22.0 400 | 160 | 727 | 545 | 109.1 | 727 | 8645 | 580.8 | 16.7 | 0.4364 | Steel:0.26
*. Binder(cement + mineral admixture)
**: High water reducing admixture
**¥. Alr entraining admixture
Rz T E Hrbslr] 5k KS F 24050 wE &7k Table 6 Compressive strength test results
228L AAEgT = E 26 Y3 FAA Concrete Fiber Compressive strength (MPa)
9] 7= A7 100 mm, 0] 200 mme) 958 TAA type ZI:;;?; No.1 No2 | No3 | Mean
= 01?6}%&% AR FANE IAAS AAD ¥ 7372 75.08| 7223 | 73.68
23*2_@4 ==t A'M?E_ Oi_ (_%”] Aol 24’f]7& Mix no.l| 20 7861 | 7655| 7774 | 77.63
T 2] S AN F BRI RS 54 40 8445 | 8481 | 83.56| 8427
FF EiA FAAE 2322°C9] EHM FEFS - 93.66 | 89.93| 9790 | 93.83
AR Mix no2 | 20 96,88 | 9445| 9550 | 9561
28U7e] $EFA F AR 74 2 28Y0 AEAEE 40 10340 | 10168 | 10431 | 103.13
=4359oy IEA=AEL 2,000kN £F9 UTMS
o] -&-3}ith. B Ao E 7& AF AFA sulE FHeT dF
A5 AEFY OE IEAE 24F A Table & ZAA NN AR AT ) A F’ﬂt‘r a3
67 2t A3 AF Ao g FUMETEE 45 7b 9ol AR S WAE] Hste] aE A Est
AEot o7k ZUbske A RS Atk Mix no. 1 oot A Hae A ke AFH ARG TG
ol ZHdfe] ARg-Eko] 0kg/m’, 20 kg/m’ 2 40 kg/m’ o $IXA1717] Yated wE2E kel A7 30 mm A
o7 Z7}sbHA] 74 MPa, 78 MPa E 84 MPaZ =713} < Aty 1Y H2 J—EFAE Aol AEE W
QoW Mix no. 2 & ZAFY EYFFo] Frreds A&t (Fig. 2(a)). 28 Ther 3 Erd Z3IE
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19l E 10% o4 Z7HIAA T Mix no. 294 A& 23+ 2°Ce] E&olA 5 FAS AA g F 5 Ad
o} Z77F 10% Btk FA verst. o ANEET BF AFE 250kN 3] MAAE 24
g 4 9JE UTMS o&siied sk Adkses 5mm/
4 2% M3 min®. 2 A|#S AASAY (Fig. 2(b). EHS S
9)&l A LVDTE ol&stith (Fig. 2(b)). & LS 2L
FAfel Aol e vy Aog Faded & A AT ARSI EEE] A AR el d
Z 242 Vijay PV.”¢ LJ. Malvar'®, Katz, A. 57, P 5L UL 7P loaded end F2olX e &
Chen, Y., 5(2007)°] $i3ix A A58 FAAE 01 Yo 2R3 @ttt AEe zh W mpoh AJAFAA
€3 AF e ojgag Y. BRAFFZAAY A 2 R Azste] 2w wbEste] AEG AAE] F o4
22 150 mm x 300mm (F73 x £0)9] A5 EEF N FAA A ] AAstAT
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(b) Bond test set-up

Fig. 2 Pullout test set-up of high strength steel rebar
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Fig. 3 Bond behavior phase of high strength steel rebar
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Fig. 4 Puliout load vs. slip behavior with steel fiber volume
fraction
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Table 7 Bond test results of high strength steel rebar
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Fig. 5 Early pullout load vs. slip behavior with steel fiber
volume fraction
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Type of concrete (lf;;fg) pulll\cj[ ;alllog gal((kN) strl\:rfgtr}ll ?ﬁ/rfga) Failure mode ségﬁrget?lsaihbfql%ir Increizistllrllgstl;etollllg‘[lftroe;1 -
contents (%o)* concrete(%o)y**

0 23.79 23.38 Splitting - -
Mix no. 1 20 24.64 24.22 Rebar pullout 3.57 -
40 34.45 33.86 Rebar pullout 4481 -

0 26.56 26.11 Splitting - 11.64

Mix no. 2 20 34.20 33.62 Rebar pullout 28.77 38.80

40 41.78 40.99 Rebar pullout 57.00 21.05

{(bond strength with fiber content/bond strength of plain concrete) x 100(%)} — 100%
**: {(bond strength with fiber content/bond strength of concrete strength) x 100(%)} — 100%
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Fig. 6 Bond strength with steel fiber volume fraction
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Table 8 Results of relative bond strength

Concrete [Fiber amount| Relative bond Increase relative
type (kg/m’) | strength (t4[f,,) |bond strength (%)
0 2.72 -
Mix no. 1 20 2.75 0.90
40 3.69 35.40
0 2.70 -
Mix no. 2 20 3.45 27.96
40 4.04 49.76
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