AMREZ DT FREIEE BN ARVMDY Ny

Development of Tension Stiffening Models for Steel Fibrous
High Strength Reinforced Concrete Members
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ABSTRACT

The steel fiber reinforced concrete may affect substantially to the tension stiffening at
post cracking behavior. Even if several tension stiffening models exist, they are for plain
and normal strength concrete. Thus, the development of tension stiffening models for steel
fibrous high strength RC members are necessary at this time when steel fiber reinforced
and high strength concretes are common in use. This paper presents tension stiffening
effects from experimental results on direct tension members with the main variables such
as concrete strength, concrete cover depth, steel fiber quantity and aspect ratio. The
comparison of existing models against experimental results indicated that linear reduced
model closely estimated the test results at normal strength level but overestimated at
high strength level. Discontinuity stress reduced model underestimated at both strength
levels. These existing models were not valid enough in applying at steel fibrous high
strength concrete because they couldn’t consider the concrete strength nor section area.
Thus., new tension stiffening models for high strength and steel fiber reinforced concrete
were proposed from the analysis of experimental results, considering concrete strength,
rebar diameter, concrete cover depth, and steel fiber reinforcement.

Keywords : Tension stiffening, High strength concrete, Steel fiber, Concrete cover depth
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Table 1 Mix proportions and measured strength of concrete

Target S . . " , Measured Strength
comp. Fiber W/B | s/a Proportion by unit weight (kgf/m’) (kef/cm?)
strength Ve L D (%) | (%) , . Silica Steel| ., . N
(kgf/em?) | (vol.%) | (mm) | (mm) wic S G Fume Adm. fiber Comp. | Tensile | Flex.
- - - 8231031 - 0.96 - 205.8 17.2 33.3
0.4 50 0.6 - on| 81811026 - 0.96 | 31.4]| 245.0 24.1 44 .1
200 o7 50 [oe | 26| 40 11801820 g4 021 — [ 0.96 |54.9] 266.9 | 29.2 | 53.6
1.0 50 0.6 8101017 - 0.96 |78.5] 283.5 31.4 65.7
- - - 676 | 1041 - 5.0 - 409.3 32.6 48.3
0.4 50 0.6 .- 67211034 - 5.0 131.4]450.6 38.7 59.3
400 07 | 50 106 ] 22 [ 49 ]1721°0 g5 T1029] - | 5.0 |54.9]464.2| 48.0 | 70.5
1.0 50 0.6 665 | 1024 - 5.0 [ 785]489.0 58.6 84.7
- - - 5911991 | 32.2 |14.15] - 580.3 39.6 70.5
0.4 50 0.6 5871984 { 32.2 114.15/31.4|612.9| 488 78.7
600 0.7 50 0.6 28 | 38 11801611 5841 979 | 32.2 114.15/54.9]633.3 57.5 100.6
1.0 50 0.6 581 974 | 32.2 |14.15|78.5|{ 654.6 67.8 117.6
- - - 594 996 |104.4| 17.4 - 735.2| 45,5 75.7
0.4 50 0.6 - 590 | 989 |104.4| 174 131.4}742.8 57.9 87.6
750 0.7 50 0.6 23 | 38 |160)592 5871984 1104.4! 17.4 |54.9]751.2 69.1 104.5
1.0 50 0.6 5841 979 1104.4] 17.4 |78.5]775.6 7.9 119.9
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Table 2 Details of the reinforced comcrete specimens

foer | S0 Section
. 1 w
Specimen Content (3;5:)1 (mm X mm X mm)
(%)
L-A-0 20 59 X 59 x 1500
L-B-0 0 50 119X119x 1500
L-C-0 70 159 X159 X 1500
L-B-1 0.4 50 119X 119 %1500
L-A-2 20 59 X 59 X 1500
L-B-2 0.7 50 119X 119 x 1500
L-C-2 70 159 X 159 X 1500
L-A-3 20 59 X 59 X 1500
L-B-3 1.0 50 119X 119X 1500
L-C-3 70 159 X 159 X 1500
M-A-0 20 59 X 59 X 1500
M-B-0 0 50 119X 119X 1500
M-C-0 70 159 X 159 X 1500
M-B-1 04 50 119 x 119X 1500
M-B-2 0.7 50 119X 119 %1500
M-A-3 20 59 X 59 X 1500
M-B-3 1.0 50 119X 119 %1500
M-C-3 70 159 X 159 X 1500
H1-A-0 20 59 X 59 X 1500
H1-B-0 0 50 119X 119X 1500
H1-C-0 70 159 x 159 X 1500
H1-B-1 0.4 50 119X 119x 1500
H1-B-2 0.7 50 119X 119X 1500
H1-A-3 20 59 X 59 x 1500
H1-B-3 10 50 119X 119 x 1500
H1-C-3 70 159 X 159 X 1500
H2-A-0 20 59 X 59 X 1500
H2-B-0 0 50 119X 119X 1500
H2-C-0 70 159 X159 x 1500
H2-B-1 0.4 50 119X 119X 1500
H2-A-2 20 59 X 59 X 1500
H2-B-2 0.7 50 119x 119X 1500
H2-C-2 70 159 ¥ 159 x 1500
H2-A-3 20 59 X 59 X 1500
H2-B-3 1.0 50 119 x 119X 1500
H2-C-3 70 159 X 159 x 1500

=

F) L : Compressive strength of concrete (200kgf/cm?)
M : 400kgf/cm’
H1 : 600kgf/cm’
H2 : 750kgf/cm’

A ! Concrete cover depth (20mm)
B 50mm
C ¢ 70mn

0 @ plain concrete
1 : SFRC, Aspect ratio (//d) 83, 0.4% content
2 SFRC, Aspect ratio (//d) 83, 0.7% content
3 : SFRC, Aspect ratio (I/d) 83, 1.0% content
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Fig. 1 Details of the reinforced concrete specimens (unit : mm)

Fig. 2 Tension test device for RC members
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Fig. 3 Influence of fiber content and concrete strength on
tension stiffening
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Fig. 4 Relationship of load-displacement with
different fiber contents

Table 3 Strain energy varation according to fiber contents

L . Strain energy (t - mm) Strain energy ratio
Specimen Fiber contents - -
R.C. Concrete Steel (Con./R.C.) Relative Ratio(%6)
1.-B-0 0% 19.1344 4.6844 14.45 0.2448 100.0
L-B-1 0.4% 19.7270 5.277 14.45 0.2675 103.1
1.-B-2 0.7% 20.4704 6.0204 14.45 0.2941 107.0
L-B-3 1.0% 22.4298 7.9798 14.45 0.3558 117.2
M-B-0 0% 19.5330 5.0830 14.45 0.2602 100.0
M-B-1 0.4% 20.6268 6.1768 14.45 0.2995 105.6
M-B-2 0.7% 20.6854 6.2354 14.45 0.3014 1059
M-B-3 1.0% 22,6192 8.1692 14.45 0.3612 115.8
H1-B-0 0% 20.4786 6.0286 14.45 0.2944 100
H1-B-1 0.4% 21.5378 7.0878 14.45 0.3291 105.2
H1-B-2 0.7% 22.3274 78774 14.45 0.3528 109.0
H1-B-3 1.0% 23.3836 8.9336 14.45 0.3821 114.2
H2-B-0 0% 20.4831 6.0331 14.45 0.2945 100.0
H2-B-1 0.4% 21.2478 6.7978 14.45 0.3199 103.7
H2-B-2 0.7% 21.6001 7.1501 14.45 0.3310 105.5
H2-B-3 1.0% 22.8601 84101 14.45 0.3679 1116
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Table 4 Strain energy according to concrete cover depth
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Fig. 5 Influence of concrete cover depth on
load-deformation relation {f=200kgf/cm®)
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Fig. 6 Influence of concrete cover depth on
load-deformation relation (fc=750kgf/cm?)
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Table 5 Crack patterns and cracking loads

L - Average Maximum
. Splitting crack In_ltlal Spl_lttmg transverse transverse

Specimen Crack patterns position Cracking load | cracking load | (rack spacing | crack spacing

(ton) (ton) (mm) (mm)
L-A-0 T - 2.0 - 79 105
L-B-0 T, S C 3.3 4.9 150 205
L-C-0 T. S C, B 4.5 9.5 214 250
1-B-1 T. S E 3.4 7 136 200
L-A-2 T - 2.5 - 88 130
L-B-2 T. S E 3.8 9.6 125 210
L-C-2 T, S E 5.5 9.3 167 250
L-A-3 T - 2.0 - 88 120
L-B-3 T. S C. E 4.2 9.1 125 200
L-C-3 T.S C 6.2 7.7 150 203
M-A-0 T - 2.0 - 71 100
M-B-0 T, S E 4.0 6.9 167 220
M-C-0 T. S E 4.9 8.8 250 370
M-B-1 T. S E 4.3 8.8 150 180
M-B-2 T. S E 4.6 9.6 136 230
M-A-3 T - 1.7 - 71 140
M-B-3 T - 5.0 - 125 190
M-C-3 T. S E 8.6 9.7 150 180
H1-A-0 T - 1.9 - 79 100
H1-B-0 T. S C, E 4.2 7.3 188 220
H1-C-0 T, S C. E 5.0 9.6 300 380
H1-B-1 T. S E 5.1 8.1 136 195
H1-B-2 T. S E 5.5 10 125 150
H1-A-3 T - 1.8 - 107 190
H1-B-3 T - 5.8 - 85 110
H1-C-3 T - 9.7 - 150 270
H2-A-0 T - 2.1 - 83 160
H2-B-0 T. S C. E 5.1 7.6 214 280
H2-C-0 T. S C. E 6.9 8.2 375 440
H2-B-1 T - 5.2 - 125 170
H2-A-2 T - 2.9 - 88 160
H2-B-2 T - 5.3 - 115 200
H2-C-2 T - 9.5 - 150 240
H2-A-3 T - 2.3 - 83 140
H2-B-3 T - 5.9 - 115 200
H2-C-3 T - | 10.4 - 150 240

) T : Transverse crack, S : Splitting crack, C : Center position, E : End position
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Concrete strength : 200 kgficm?
Concrete cover depth : 50mm
Fiber contents : 0 %
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Fig. 7 Comparison of tension stiffening model
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0.8, for 300kef/cm® < f. < 600 kgf/ cm?
0.65, for £. > 600 kgf/cm®

£/E,
Fig. 8 Proposed tension stiffening model of plain concrete
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Fig. 9 Tension stiffening model of steel fiber
reinforced concrete (Vi=1.0%, c=50mm)
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