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Experimental study on deformation performance of prestressed

partially steel-encased concrete composite beams
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Liuzhou 545006, Guangxi, P. R. China)

Abstract: In order to explore the deformation performance of the prestressed partially clad steel composite
beams under vertical loading, a vertical two-point loading test is carried out on 12 prestressed partially clad
steel composite beams to explore the deformation performance such as crack development, deflection and
ductility. In this paper, the fractal dimension theory is used to analyze the crack development of each
specimen. Based on the Euler beam theory and Timoshenko beam theory, the flexural equations of beams
are derived respectively, and then the mid-span deflection of beams is calculated. The displacement ductility

coefficient, section curvature ductility coefficient and energy ductility coefficient of prestressed partially
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clad steel composite beams are calculated. Influence factors of three ductility factors are analyzed by gray

correlation analysis. The results show that the cracks develop most fully when the partially clad steel

composite beams with a certain degree of pre-compressive stress are applied. The deflection equation based

on the theory of Timoshenko beam and the calculation value of mid-span deflection are closest to the real

value. The section area is the most important factor affecting the ductility coefficient of displacement and

the ductility coefficient of curvature, and the anchoring form of section steel is the most important factor

affecting the ductility coefficient of energy.

Keywords: composite beam; fractal dimension; deflection curve equation; ductility coefficient; grey

correlation analysis method
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Table 1 Parameters of each specimen
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K-/ %% f#i 75 =X
SPECL1 194 mm X150 mm 0 1
SPECL1-3P 194 mmX 150 mm 30 1
SPECL1-4P 194 mm X150 mm 40 I
SPECL1-5P 194 mm> 150 mm 50 1
SPECL.2 200 mm X 200 mm 0 1
SPECL2-4P 200 mm X 200 mm 40 1
SPECL2-5P 200 mm X 200 mm 50 1
SPECL2-6P 200 mm X< 200 mm 60 1
PECB2 194 mm X150 mm 0 il
PECB2-2 194 mm X150 mm 30 Il
PECB2-3 194 mmX 150 mm 50 II
PECB2-4 194 mm X150 mm 60 Il
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Table 2 Mechanical properties of steel
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Table 3 Mechanical properties of concrete
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Fig. 1 The size of each specimen
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Fig. 2 Layout of displacement meters and strain gauges
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Table 4 Fractal dimension of each specimen

‘ ‘ B SR
B R .
K-/ %% # Dy
SPECL1 194 mm X150 mm 0 1. 005
SPECL1-3P 194 mmX 150 mm 30 1. 106
SPECL1-4P 194 mmX 150 mm 40 1. 223
SPECL1-5P 194 mmX 150 mm 50 1. 056
SPECL2 200 mm X 200 mm 0 1. 004
SPECL2-4P 200 mmX 200 mm 40 1. 104
SPECL2-5P 200 mmX 200 mm 50 1. 006
SPECL2-6P 200 mmX 200 mm 60 1. 046
PECB2 194 mm X150 mm 0 0.917
PECB2-2 194 mmX150 mm 30 0.927
PECB2-3 194 mmX 150 mm 50 1. 064
PECB2-4 194 mm X150 mm 60 1. 046
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Fig. 6 Load-deflection curve of specimens
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Table 5 Comparison between theoretical and experimental values of short-term stiffness of each specimen

R ho/mm  My.ep/ (kN * m) Cum €om Buwy/(Nem?)  B./(N+m?) Bu.oxp/Be
SPECL1 189. 5 195.18 5 161. 57 535.71 6. 49 6. 46 1. 00
SPECL1-3P 189. 5 251. 06 6 894. 01 877.70 6.12 6. 34 0. 97
SPECL1-4P 189. 5 247. 39 7 113.57 1 609. 76 5.37 6. 40 0. 84
SPECL1-5P 189. 5 237. 54 5 620. 51 605. 47 7.23 6. 62 1. 09
SPECL2 194 354. 07 6 319. 86 611. 48 9.91 9.79 1.01
SPECL2-4P 194 393. 40 7 322.52 745. 10 9. 46 9.91 0. 95
SPECL2-5P 194 411. 75 8 407. 31 1 095. 24 8. 41 9. 84 0. 85
SPECL2-6P 194 407, 64 5 592. 69 2 494,74 9.78 9. 90 0. 99
PECB2 189. 5 263. 66 6 094. 78 1 675. 60 6. 43 6. 26 1.03
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PECB2-2 189. 5 286. 05 7 198. 07 1103.07 6.53 6. 48 1. 00
PECB2-3 189.5 301. 48 8 598. 38 1 736. 29 5.953 6.51 0. 85
PECB2-4 189. 5 315. 35 10 216. 90 1117.93 5.27 6. 50 0. 81
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Table 6 Comparison of theoretical and experimental values

+ Ly 29

of mid-span deflection of each specimen

5 Sop/mm  f'g/mm j%; f'r/mm jf:
SPECL1 30. 11 25.62 0. 85 28.43 0.94
SPECL1-3P 26. 96 21. 86 0. 81 27.62 1.02
SPECL1-4P 26. 06 20. 94 0. 80 27.04 1.04
SPECL1-5P 25. 34 20. 32 0. 80 25.99 1.03
SPECL.2 28.07 24. 87 0. 89 25.28 0.90
SPECL2-4P 27.03 22.74 0. 84 24.32 0.90
SPECL.2-5P 26. 25 22.09 0. 84 23.56  0.90
SPECL2-6P 25.33 21.43 0. 85 22.40 0.88
PECB2 29. 69 23.91 0. 81 26.12  0.88
PECB2-2 25.48 21. 30 0. 84 22.37 0.88
PECB2-3 21.93 20. 15 0. 92 20.27 0.92
PECB2-4 21. 36 20. 08 0. 94 20.13  0.94

xS HAEE BRI ; /' A Euler BHUISHEHIS(E; /1
4 Timoshenko FEHEFE HIIE(H .

s 6 TP AYBAE TR PR S 5 1R (A Y

Fr 2R/ b Euler RIS E I I 22200 17. 87,
MMi Timoshenko Z2FIGAE A T 2500 5. 19, % 6
Al LA H . Timoshenko ZRBRS T A9 451 (40 85 P
PR KT Euler IS T 91 h e B 115
[IERRER ) 1E2S I g (NS @ deaa p S LA R 0 RO
TREE + B0y 5 hBe B2 i, dE R ] Timoshenko %2
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Fig.7 Schematic diagram of elastic and plastic energy
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Table 7 Comparison table of ductility coefficient of each specimen

-5 fy/mm  fi/mm 7 (1/p)y/m™! (1/p)s/m™1 e Eu/(kN e mm) Eq/(kN e+« mm) /e
ECL1 30. 11 102. 02 3.39 26. 80 65.72 2.45 23 943. 47 2 478.77 5. 83
SPECL1-3P 26. 96 128. 99 4. 78 23.71 58. 25 2.47 25 752. 68 1677. 36 8. 68
SPECL1-4P 26. 06 129. 98 4. 99 15. 21 45. 62 3.02 24 948. 80 1 854. 40 7.73
SPECL1-5P 25. 34 132. 99 5.25 22.16 74.74 3. 37 24 113. 95 2 731.52 5. 41
SPECL2 28.07 118. 99 4,24 24. 50 45. 50 1. 86 32 142. 54 1 602. 88 11. 02
SPECL2-4P 27.03 128. 02 4. 74 27.52 54. 07 1. 96 41 764. 45 2 048.12 10. 70
SPECL2-5P 26. 25 130. 98 4. 99 29.75 59. 42 2.00 39 013.72 2 070.05 10. 42
SPECL2-6P 25. 33 122. 01 4. 81 18. 25 43. 00 2. 36 37 860. 36 2 295.16 9.25
PECB2 29. 69 135. 98 4.58 41. 24 91. 74 2.22 35 552.29 2 975.10 6. 74
PECBP2-2 25.48 134. 00 5. 26 33.09 97.93 2.96 35 898. 09 2 762.21 6. 99
PECBP2-3 21.93 132.02 6. 02 33.47 102. 33 3. 06 33 696. 38 2 607. 26 7.46
PECBP2-4 21. 36 128. 01 5.99 25.77 106. 19 4.12 35 454.9 3 234. 38 6. 48

T fy R IR 5 T B AR s s s e IR I 85 B AR5 o M AL RS SEVE R AR (1/ )y Sy B S RS 5 ot 45 (1/p0) s ik
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Table 8 Influencing factor parameters of each specimen n k=1

G JERLEs k1/mm? k2 /% k3
1 SPECL1 29 100 0 1CD)
2 SPECLI1-3P 29 100 30 1CIH
3 SPECL1-4P 29 100 40 1
4 SPECL1-5P 29 100 50 1CD)
5 SPECL2 40 000 0 1CD)
6 SPECL2-4P 40 000 40 1
7 SPECL2-5P 40 000 50 1C)
8 SPECL2-6P 40 000 60 1CD)
9 PECB2 29 100 0 2C1
10 PECB2-2 29 100 30 2C1
11 PECB2-3 29 100 50 2C1
12 PECB2-4 29 100 60 2C1

T ek ko ey 43330 5 R PR 2R« 80T AR FUNE A3 SRR 5 R 40
772K

¥, IR B 12 PR 20T S0 SR 0 s i R TR

BARE AT S R 9, & 9 n A, R
T TETAR L BN g 5K R K- 5 BB DR 2 3 A2
X TSRS S 2R B0 DI B 2301l 0. 75.,0. 66 5
0. 615 X T~ M1 22 42 P 2 B O HK B 1B 43 531 o 0. 80,
0. 61 5 0. 633 XF T B & 14 72 B0 SCI BE1E 53501 Ay
0.53.,0.62 5 0. 67, MG IKEICHK 73 Mr &5 21, R W
NG AR AVORE R R R STRCE s as] il ke STR E$ 44
P18 52 M e B e RS T 7R 00 (O = D) g b 3 5 i 4%
TR I RE B A R AR

®9 HFiHIWEHRBEMWERSH

Table 9 Analysis of influencing factors of three ductility coefficients of each specimen

i 2 #1/p HE qi (k1) qrCk2) qiCks)  qoCk) qupCke) quCks) qeCk) qe(k2) qr (k)
1 3. 39 2.45 5. 83 1. 15 0. 48 0. 58 0. 87 0. 36 1. 00 1. 00 0.49 0. 48
2 4.78 2.47 8. 68 0.78 1. 00 0. 85 0. 87 0. 96 0. 98 0. 55 0.79 0. 44
3 4.99 3.02 7.73 0.72 0. 90 0.73 0. 96 1. 00 0.63 0. 67 0.78 0.73
4 5.25 3. 37 5.41 0. 66 0. 65 0. 62 1. 00 0.75 0.51 0. 88 0. 47 0. 40
5 4. 24 1. 86 11.02 1. 00 0.42 0. 41 0.76 0.43 0.43 0. 39 0. 34 0.51
6 4.74 1. 96 10. 70 0. 80 0. 83 0.51 0.78 0. 55 0. 45 0. 40 0. 83 0.61
7 4.99 2. 00 10. 42 0.72 0.61 0. 57 0.79 0.42 0. 46 0.42 0. 81 0.73
8 4. 81 2. 36 9.25 0.77 0. 45 0.52 0. 85 0. 37 0.55 0. 50 0. 54 0.71
9 4.58 2.22 6. 74 0. 46 0. 40 1. 00 0. 55 0. 38 0. 95 0. 37 0. 46 0. 81

10 5. 26 2. 96 6. 99 0. 55 0. 85 0. 62 0. 66 0.71 0. 66 0. 38 1. 00 1. 00

11 6.02 3. 06 7.46 0.71 0.79 0.43 0. 68 0. 64 0.61 0.41 0. 57 0. 90

12 5.99 4,12 6. 48 0.70 0. 56 0. 44 0. 80 0.74 0. 37 0. 36 0.42 0. 67

Vi 0.75 0. 66 0.61 0. 80 0.61 0.63 0.53 0. 62 0. 67
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