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Abstract: Biochar can be served as a lightweight aggregate material and its partial incorporation into con-
crete can realize internal curing and filling effects, thereby enhancing the mechanical properties of cementi-
tious materials. It represents a potential carbon capture and sequestration technique. However, due to the
high porosity of biochar’ s microstructure, biochar concrete faces challenges such as low strength, poor cor-
rosion resistance, and instability. This study proposed the use of Glass Fiber Reinforced Polymer (GFRP)
tubes to confine biochar concrete, and the axial compression tests on GFRP tube-confined biochar concrete
were performed, with design parameters including GFRP tube thickness ( number of layers) , biochar con-
tent, and biochar water absorption rate. Emphasis was placed on analyzing the axial stress-strain curves,
circumferential strain-axial strain curves, yielding stress, ultimate strain, and circumferential fracture strain
of each specimen. The results indicated that, under the premise of same biochar content and water absorp-
tion rate, the ultimate compressive strength of GFRP-confined biochar concrete specimens increased by
490. 4% to 563. 3% compared to that of unconfined specimens. The ultimate strain of confined specimens
also significantly increased, and the yielding stress and strain of the confined specimens were much greater
then those of unconfined specimens, indicating that GFRP confinement significantly improves the bearing
capacity and deformation performance of biochar concrete. With increasing biochar content, the peak stress
of confined specimens decreased while the axial ultimate strain increased. On the other hand, an increase
in biochar water absorption rate led to an increase in the yielding load of confined specimens but a decrease
in the ultimate strain. Additionally, an increase in the number of layers of GFRP tubes enhanced the sec-
ondary stiffness of confined specimens. The circumferential strain-axial strain curve exhibited no obvious
transition point between the elastic segment and the linear segment, indicating that three was a good synergy
between FRP tubes and biochar concrete.

Keywords: biochar concrete; fiber reinforced polymer; axial compressive performance; ultimate strain;
yielding stress
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Table 1 Mix proportions of biochar concrete

K YR WoKE Ba Ews ks EE/
BEC% W% BE/kg kg kg (kg-m™®)
0. 62 20 87 33.50 1.50 3.08 2138
0. 62 40 87 28.87  3.47 2.66 2081
0. 62 50 61 23.95 4.31 2,52 1892
0. 62 50 87 23.95  4.31  2.60 1903
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Fig.1 Schematic diagrams of FRP confined biochar concrete columns
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Table 2 Design details of specimens
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Table 3 Material properties of FRP

1/ ks Ty rup” k./ Ty’

’ v, ’ v,
mm GPa MPa GPa MPa
4.2 45.6 745.2 0.29 9.5 107.3 0.24

4.9 45.9 760. 2 0.29 10.8 173.2 0.25
5.6 45.1 772.0 0.30 11.3 196.3 0.25
6.3 45.5 786.3 0. 30 12.2 210.5 0.27

W LYK Yl ENIS
K i B C/ WKE 2 KA

% W/ % H/mm
F16-C20-W87-1~3 20 87 16 300 2
F16-C40-W87-1~3 40 87 16 300 2
F16-C50-W61-1~3 50 61 16 300 2
F16-C50-W87-1~3 50 87 16 300 2
F12-C50-W6l1 50 61 12 300 2
F14-C50-W61 50 61 14 300 2
F18-C50-W6l1 50 61 18 300 2
F12-C20-W87 20 87 12 300 2
F14-C20-W87 20 87 14 300 2
F18-C20-W87 20 87 18 300 2
C20-W87-1~3 20 87 — 300 2
C40-W87-1~3 40 87 — 300 2
C50-Wo6l-1~3 50 61 — 300 2
C50-W87-1~3 50 87 — 300 2
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Table 4 Compressive strength of biochar concrete

TR AR AWy BB WK AT B P IE R B/ MPa
wfE/d 20% .87%  40% 87%  50% .61%  50% .87%
3 53.49 25.27 31.87 25.34
7 64.18 45.96 31.43 29. 46
14 94.08 45.07 39.50 30.21
28 91.48 50. 09 47.10 45.00
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Fig.2 Arrangements of strain gauges
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Fig.3 Loading set-up and measuring device for axial compression tests
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Fig.4 Failure modes of specimens

(d) F16-C50-W87-1
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Table 5 Test results of confined specimens

[ERERE R e BIR A 2828 5 R K See/ MPa f../MPa BERATH /KN RIRAT RS EAN e, /1070 &, /107
F16-C20-W87-1 0. 084 218. 90 200. 6 3 866. 32 3 542.98 12 500 11 310
F16-C20-W87-2 197.25 3 483.93 15 620 10 660
F16-C20-W87-3 185. 63 3 278. 69 11 260 7653
F16-C40-W87-1 0.053 165. 14 174.7 2916.79 3 086. 35 14 569 13 807
F16-C40-W87-2 175. 38 3 097. 65 29 658 14 457
F16-C40-W87-3 183.70 3 244. 60 26 953 9 970
F16-C50-W61-1 0.130 116. 02 135.2 2 049. 20 2 387.97 26 950 12 756
F16-C50-W61-2 150. 42 2 656.79 24 560 10 909
F16-C50-W61-3 139. 16 2 457.91 25 693 12 264
F16-C50-W87-1 0.028 8 132.26 128.0 2 336. 04 2 261.38 25 620 12 552
F16-C50-W87-2 125. 64 2219.11 29 654 16 528
F16-C50-W87-3 126. 20 2 229. 00 20 302 13 562
F12-C20-W87 — 179. 32 — 3167.24 — 14 540 11 229
F14-C20-W87 — 181. 59 — 3 207.33 — 14 420 10 692
F18-C20-W87 — 230. 37 — 4 068.91 — 19 790 9 874
F12-C50-W61 — 125. 62 — 2218.76 — 18 540 11 190
F14-C50-W61 — 127.90 — 2259.03 — 19 170 9 411
F18-C50-W61 — 174.32 — 3 078.93 — 22 560 6 577
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Table 6 Test results of unconfined specimens

N T WRFRAESR RS f.,/MPa 7oMPa  BURMIEVKN O BBRGERBIEAN  £,/10° 5 /107
C20-W87-1 0. 068 35.94 37.87 634.79 668. 94 1120 1129
C20-W87-2 40.78 720. 28 1032
C20-W87-3 36.90 651.75 1236
C40-W87-1 0.097 32.89 29.59 580. 92 522.57 1 023 1137
C40-W87-2 28.22 498. 44 1263
C40-W87-3 27. 65 488. 37 1152
C50-W6l1-1 0. 084 28.22 26.28 498. 44 464.23 962 1 140
C50-W61-2 26.75 472. 47 1 256
C50-W61-3 23.88 421.78 1203
C50-W87-1 0. 055 20. 84 21.19 368. 09 374. 39 1 045
C50-W87-2 22.49 397.23 1120 1 040
C50-wW87-3 20. 26 357. 84 956
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Fig.5 Relations between axial stress and strain
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Fig. 6 Relations between circumferential strain and axial strain
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Table 7 Ductility coefficient of FRP confined biochar concrete column

T "
mm mm mm

F16-C20-W87-1 17.76 6.89 2.58
F16-C20-W87-2 19. 10 5.59 3.42 6.24 2.96
F16-C20-W87-3 18. 62 6.25 2.98
F16-C40-W87-1 19.56 6.31 3.10
F16-C40-W87-2 17.01 8.78 1.94 6. 89 2.69
F16-C40-W87-3 19.08 5.58 3.42
F16-C50-W61-1 22.50 6.51 3.46
F16-C50-W61-2 20.92 5.58 3.75 5.69 3.72
F16-C50-W61-3 20. 13 4.98 4.04
F16-C50-W87-1 21.12 7.06 2.99
F16-C50-W87-2 24.58 7.13 3.45 6.92 3.03
F16-C50-W87-3 17.10 6.56 2.61
F12-C20-W87 14. 54 6.24 2.33 — —
F14-C20-W87 14. 42 6.24 2.31 — —
F18-C20-W87 19.01 6.24 3.05 — —
F12-C50-W6l 18. 54 5.69 3.26 — —
F14-C50-W6l1 19. 16 5.69 3.37 — —
F18-C50-W61 22.38 5.69 3.93 — —
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Fig.8 Duectility coefficient of specimens
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Table 8 The calculated value of axial compressive strength model of GFRP confined biochar concrete
W WK%/ FRP 4 Samaan Toutanji Fardis Xiao S @;HZJ/ Jiang Mander Moran Marques RIS/
B/ % BE/E £ /0pa E/MPa 7V MPa 0 MPa MPa H/MPa UV MPa %D /MPa £V /MPa MPa
20 87 16 157.87 106. 97 57.07 123.67 81.87 187.12 101. 43 110.73 110. 29 200. 60
40 87 16 173.59 112.26 52.68 154. 64 86. 34 199. 02 94.39 123.57 119. 04 174.70
50 61 16 154. 68 103. 52 47.86 163. 56 79.78 164. 09 85.45 114.88 111. 46 135.20
50 87 16 141.19 108. 28 45.62 187.32 85.19 193. 66 71.05 127.17 120. 03 128.00
20 87 12 128.17 98.36 50.97 126.28 75.50 187.12 95.72 100. 18 101. 47 179.32
20 87 14 137.59 103. 69 54.16 124. 67 79.42 115.20 99.31 106. 68 106. 93 181.59
20 87 18 171. 67 122.37 63.91 188.70 93.62 163.20 110. 45 130. 19 126.01 230.37
50 87 12 164. 28 82.41 38.48 162. 30 63.03 164. 09 75.27 87.14 88. 65 125.62
50 87 14 138. 18 95.00 43.37 196. 80 72.91 192. 50 81.71 103. 49 102. 27 127.90
50 87 18 174.01 97.19 48.18 134. 20 74. 66 123.50 82.72 106. 39 104. 63 174.32
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Fig. 9

The ratio of calculated confined strength value f, to experimental

value f, of concrete
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Table 9 Calculated value of ultimate strain model of GFRP confined biochar concrete

Y Wok#/ FRP 4 Samaan Toutanji Fardis Xiao 4301/ s 4 1321/ Jiang 2£(20]/ Mander Moran Marques I/
BR/% % BE/E %8100 %2007 403,076 10°° 107 107 & et 070 &390 107°
20 87 16 18 600 33 190 62 400 16 640 41 400 11 590 22 490 50 380 10 270 9874.3
40 87 16 18 600 37 730 68 700 20 470 51 700 12 820 25 520 78 880 19610 12745
50 61 16 11 500 32 040 56 900 20 810 53 000 10 460 21 720 76 960 23500  11976.4
50 87 16 14 400 38 760 71 500 27 320 63 100 13 640 26 200 111 680 40940 14214
20 87 12 9700 17 640 62 400 24 200 38 700 11 590 12 590 37 190 9180 11229
20 87 14 9 700 18 040 62 400 24 110 40 400 11 470 12 660 41 020 9850 10 692
20 87 18 15 800 29 210 62 400 18 210 46 000 11 360 19 680 61 300 12 200 9874
50 87 12 17 300 43 430 56 900 16 440 45 000 10 460 30 550 58 510 17660 11 190
50 87 14 22 800 57 720 56 900 13 590 49 900 10 460 39 830 79 930 21 160 9411
50 87 18 10 500 29 550 56 900 22 070 50 700 10 240 19 900 68 040 21 760 6576.5
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Fig. 11 The ratio of the calculated ultimate strain £ to the

experimental value &, of confined column
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