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Flexural Behavior of Steel-Concrete Composite Beams Strengthened
by Post Tension Method
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Abstract

This study has attempted to suggest a proper reinforcement method by strengthening unbonded post —tensioning
through height of an anchorage hole, form of a saddle, and loading time point as parameters and evaluating the
reinforcement method through a bending experiment. The result of this experiment indicated effects of reinforcement
since the maximum strength ratio(the ratio of an experimental value to theoretical value) of SC composite beams before
prestressed was 0.97 and after prestress were 1.00~1.21. As a result of analysis on displacement and strain, irrespective
of height of an anchorage hole and loading time point, the D120—series specimen where an anchorage hole was installed
on the neutral axis after reinforcement showed that its deflection continuously increased without sudden load reduction

after maximum load and it stably behaved with relatively

low strain of each part. In terms of reinforcement effects, the

maximum strength of SCR—UD120 specimen prestressed after pre—loading was increased 1.72 times comparing to SC
composite beams so SCR—UD120 specimen prestressed after pre—loading was shown to be the best.
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Fig. 1 Strength and strain of SC composite beam strengthened
by post tension
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Table 1 Parameters of specimen | | | | | | | |
Type Specimen Height of 800 | 500 | 800
anchorage (mm) ™ 100
restl\rIZ ssed SC B ! - l
P oS Fig. 3 Test setup
SCR-DO 40
SCR-UDI20 120 Table 2 Properties of steel
Load SCR-UD160 160 Vielding | Tensile | o Yielding Ratio (%)
before SCR-UD240 240 Specimen | strength | strength or(lii fon Yielding strength
prestressed SCR-VD120 120 (MPa) | (MPa) ’ Tensile strength
SCR-VD160 160 No. 1 304 438 31.1 69.4
SCR—-VD240 240 No. 2 320.7 461 32.7 69.6
SCRP-DO 40 No. 3 312.7 451 32.6 69.3
L;’ad SCRP-UDI120 120 No.4 | 3159 | 457 33.4 69.1
atter _
prestressed SCRP-UD160 160 No. 5 309.6 448 32.5 69.1
SCRP-UD240 240 Average 312.6 451 32.5 69.3
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Table 3 Tendon properties

Diameter (mm?) Tensile strength(MPa) Elongation (%)
138.7 1917 9.1
Table 4 Concrete properties
fox fe. (28)
(MPa) Days Slump (mm) MPa)
21 28 120 22.9
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Fig. 4 Load—deflection curve before prestress

140
Load(kN)
120
100
80
60

40

20
Strain(x107°)

0 400 -800 1200 1600 2000
(a) Concrete

140 ¢
Load(kN) Q160
120
100
80
60
40

20

Strain(x107°)

0 500 1000 1500 2000 2500 3000
(b) Bottom—fiber steel

Fig. 5 Load—strain curve before prestress
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Fig. 6 Load—deflection curve after prestress
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Fig. 9 Bottom—fiber steel load—strain curve
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Table 5 Comparision of Maximum strength

Specimen P Test
Test (kN) Theory (kN) Theory

SC 121.60 124.50 0.97
SCR-DO 163.00 162.75 1.00
SCR—-UD120 202.80 167.67 1.21
SCR-UD160 183.10 169.09 1.08
SCR-UD240 177.10 171.38 1.03
SCR-VD120 181.40 166.24 1.09
SCR-VD160 179.10 167.79 1.07
SCR-VD240 188.30 169.69 1.11
SCRP-DO 179.10 162.75 1.10
SCRP-UD120 184.70 167.67 1.10
SCRP-UD160 188.30 169.09 1.11
SCRP-UD240 179.40 171.38 1.05
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Table 6 Summary of test result

Yielding strength Maximum strength
Speamemn E] 7]»}\4 P 6 max max ED D
P &N | 6 (mm) ce L P, &N max ) s, (kN - mm)
Y Y (KN/mm) s, (mm) ! !
SC(average) 106.0 7.4 14.05 121.6 12.8 1.15 - - -
SCR-DO 148.1 8.7 17.01 163.0 14.0 1.10 1.61 1491.4 2.26
SCR-UD120 172.8 9.2 18.78 202.8 16.6 1.17 1.80 2315.7 2.62
SCR-UD160 154.7 94 16.46 183.1 17.4 1.18 1.85 2089.8 2.94
SCR-UD240 153.9 9.8 15.71 177.1 19.3 1.15 1.97 2416.0 3.01
SCR-VD120 144.7 9.0 16.08 181.4 27.6 1.25 3.07 3878.7 5.28
SCR-VD160 145.2 8.7 16.68 179.1 26.3 1.23 3.02 3748.0 5.03
SCR—-VD240 152.4 8.5 17.93 188.3 20.6 1.24 2.42 2918.6 3.75
SCRP-DO 147.8 9.2 16.07 179.1 26.3 1.21 2.86 3751.8 4.57
SCRP-UD120 156.5 8.4 18.60 184.7 24.5 1.18 2.92 3612.2 4.98
SCRP-UD160 154.6 8.6 17.98 188.3 20.6 1.22 2.40 2730.6 3.44
SCRP-UD240 152.0 8.4 18.10 179.4 21.0 1.18 2.50 2896.5 3.89
A 13 r
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Fig. 10 Yielding strength Fig. 11 Energy and strength ratio
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Table 7 Reinforcement Efficiency

Initial stiffness
Py &N Py/ (Sy
Specimen (kKN/mm)

Test | SCR | Test | SCR | Test | SCR
Result | SC | Result SC Result | SC

SC(RA ) 106.0 | 1.00 | 14.05 1.00 118.0 | 1.00
SCR-DO 148.1 | 1.40 | 17.01 1.21 163.0 | 1.38
SCR-UD120 172.8 | 1.63 | 18.78 1.34 | 2028 | 1.72
SCR-UD160 154.7 | 1.46 | 16.46 1.17 183.1 | 1.55
SCR-UD240 1539 | 1.45 | 1571 112 177.1 | 1.50
SCR-VD120 1447 | 1.37 | 16.08 1.14 1814 | 1.54
SCR-VD160 1452 | 1.37 | 16.68 1.19 179.1 | 1.52
SCR—-VD240 1524 | 1.44 | 17.93 1.28 188.3 | 1.60
SCRP-DO 1478 | 1.39 | 16.07 1.14 179.1 | 1.52
SCRP-UD120 | 156.5 | 1.48 | 18.60 1.32 184.7 | 1.56
SCRP-UD160 | 154.6 | 1.46 | 17.98 1.28 188.3 | 1.60
SCRP-UD240 | 152.0 | 1.43 | 18.10 1.29 179.4 | 1.52
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