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Tensile properties of bolted connections of Moso Bamboo
embedded with Chinese fir

NIE Shidong, LUO Yang, RAN Song, WU Di, WANG Hui, CHENG Rui
(School of Civil Engineering. Chongqing University, Chongqing 400045, P. R. China)

Abstract: In the actual bamboo structures, the column base is usually subjected to tensile load. In view of
this, a kind of bamboo bolt connection with embedded wood was proposed. Therefore, the axial tensile test
of 15 bamboo bolt connection specimens with embedded wood was designed. Firstly, the yield load and
yield displacement of specimens were determined according to 50% of the maximum capacity of Karacabeyli-
Ceccotti, and then the characteristics of different deformation stages in the load displacement curve were
evaluated. Finally, the influence of bolt diameter and screw hole end distance on the bearing capacity and
failure mode of these connection specimens was analyzed. The results showed that the connection has a
certain bearing capacity and deformation capacity, and the bearing capacity increases with increase of screw
diameter. The load-displacement curve of the connection has two elastic segments in tension, and the
stiffness decreases in the second elastic stage. The three failure modes include screw bending, bamboo wall

punching shear and bamboo wall cracking. The failure mode is controlled by screw hole end distance and
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screw diameter. The formula derived from the simplified mechanical model can approximately predict the

bearing capacity of the joint.

Keywords: Moso Bamboo connection; Chinese fir; bolted connections; tensile bearing capacity; failure

mode; mechanical model
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Table 1 Experimental results of mechanical properties

of Moso Bamboo
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Fig. 1 Bolt connection specimen of Moso Bamboo

structure filled with Chinese fir
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Table 2 Dimensions of Moso Bamboo connection

specimen embedded with Chinese fir

i Wi/ BTSN OEEE KEAH
LS R TR
mm #/mm /mm 1% /mm
WS-8-50 52. 85 99. 28 9.44 77.09 M8

WS-10-50 52.92  105.83 10. 41 81. 65 M10

WS-12-50 51.80  101.87 9.32 80. 63 M12
WS-14-50 53. 81 93. 89 8. 88 73.70 M14
WS-16-50 53.61  107.73 10. 35 79.41 M16
WS-8-80 81.89  101.57 9. 50 77.97 Ms8
WS-10-80 81.86  101.15 8. 37 81. 20 M10
WS-12-80 83.11 97.62 9.03 75.19 M12
WS-14-80 82.76 82.75 7.11 62. 63 M14
WS-16-80 83. 46 86. 35 7.51 69. 24 M16
WS-8-110  113.18 88. 97 8.61 71.52 M8
WS-10-110  114. 38 99. 99 9.43 75.62 M10
WS-12-110  112. 67 88. 84 7.14 72.08 M12
WS-14-110  115. 26 95. 26 8. 25 72. 87 M14

WS-16-110  112.59 81.12 6.19 65. 32 M16
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Fig.2 Test loading diagram
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Fig. 3 Load-displacement curves of specimens
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Fig. 4 Determination method of tensile yield point of connection
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Table 3 Tensile test results of Moso Bamboo connection

[ENLE e ARJER/mm? AT E/KN RS/ KN JEIRGE /mm BB AL /mm A, /A, 27N 2.
WS-8-50 75. 54 2.57 5.13 6. 87 15.08 2.20 AP IR
WS-10-50 104. 08 6.29 12,57 12.35 26. 36 2.13 JEAF S IR
WS-12-50 111.78 8.79 17. 58 9.32 23. 80 2.55 AT EE BT
WS-14-50 124. 25 7.40 14.79 5.25 16. 28 3.10 Py RERY
WS-16-50 165. 56 7.53 15. 06 3.94 10. 93 2.77 PTREDY
WS-8-80 75. 96 2. 94 5. 88 5.95 12.72 2.14 IEAF LR
WS-10-80 83. 65 5. 62 11. 24 8. 88 24. 60 2.77 My RETT 5L
WS-12-80 108. 30 7.83 15. 65 6.33 19. 50 3.08 PTREFF 24
WS-14-80 99. 54 10.51 21.01 8.52 26.59 3.12 PrEERY
WS-16-80 120. 08 12.12 24, 24 5. 44 20. 67 3.80 Ay REIT 5L
WS-8-110 68. 88 2. 89 5. 77 5.35 14. 60 2.73 AT IR
WS-10-110 94. 30 5.59 11.18 8.52 23.91 2.81 Py iE ST
WS-12-110 85. 71 7.21 14. 42 5. 44 17. 68 3.25 A BETT 2
WS-14-110 115. 47 10.13 20. 26 9. 24 27.12 2. 94 P RERT
WS-16-110 99. 00 10. 25 20. 50 4,74 14. 61 3.08 PTREFF 24
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Fig. 5 Typical failure phenomenons of Moso Bamboo

connection specimens
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Fig. 6 Relationship between bolt diameter and yield load
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Table 4 Statistical table of failure modes of specimens

with different screw diameters

3 L) % 14 A
2R 4
IR o (2958 HAR HAiRY
it /

(252 HA%/mm  Fl/mm i /mm
WS-10-80 10
WS-10-110 10
A B WS-12-80 12

10~16 12.7
FH WS-12-110 12
WS-16-80 16
WS-16-110 16
x5 AEWFEXIEFHESITE
Table 5 Statistical table of screw end distance under
different failure modes
(278 5. i it it Y1 L ER N

WS-8-50 6. 2d
HEFT WS-8-80 10. 0d

5.0d~13.7d 8.7d
IR WS-8-110 13.7d
WS-10-50 5.0d
WS-14-50 3. 5d
WS-14-80 5.7d

PreE

WS-14-110 7.8d 3.1d~7.8d 5. 0d
WS-16-50 3. 1d
WS-16-80 5. 0d
WS-10-80 8. 0d
WS-10-110 11. 0d
Ay WS-12-80 6. 6d

5.0d~11.0d 7.8d
T3 WS-12-110 9. 1d
WS-16-80 5.0d
WS-16-110 6. 9d
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Table 6 Comparison between two types of Moso Bamboo connections with or without Chinese fir
251 Py A Y1 HAR /mm PI A IRSE /mm 12 F AR /mm S /mm W BR AT 28/ kN
A EAT 81~107 6.2~10. 4 8~12 50~110 5.13~24. 24
BT A58 BAT 90~110 7.3~11.4 8~12 40~100 5.34~13. 64
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Fig. 9 Deformation of screw
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Fig. 10 Loading condition of screw when bending
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Table 7 Comparison of screw bending experimental Table 8 Comparison between test value and theoretical
and theoretical values value of Moso Bamboos cracking

i fF 1 i P IR SR i e 2/ EXEE EBITEE BATH AR it R/

G fif 3k /kN fif gk /kN FHI TR et 3% HFR JB/kN  #&/mm  {E/kN  fH/kN  BHIRME
WS-8-50 2.57 2.76 0. 93 WS-10-80 8.37 10. 00 5.62 5. 78 0.97
WS-10-50 6. 29 6. 33 0.99 WS-12-80 9.03 12. 00 7.83 7. 89 0.99
WS-8-80 2.94 2.70 1. 09 WS-16-80 7.51 16. 00 12.12 11. 08 1. 09
WS-8-110 2.89 3.09 0.93 WS-10-110 9.43 10. 00 5.59 6. 14 0.91
WS-12-110 7.14 12. 00 7.21 7.02 1.03
Wﬁ%* E@%ﬁkiﬁ@%%ﬁﬂ:ﬂﬁﬁﬁ—‘% WS-16-110 6.19 16. 00 10. 25 10. 06 1. 02
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Table 9 Comparison between experimental and theoretical values of bamboo wall shear

BN i S/ mm BEJE /mm SRHT E4% /mm Ji M A 2/ kN B {H/kN R/ BB
WS-12-50 51. 80 9.32 12.00 8.79 7.48 1.18
WS-14-50 * 53. 81 8. 88 14.00 7.40 9. 20 0. 80
WS-16-50 * 53.61 10.35 16. 00 7.53 12.14 0. 62
WS-14-80 82.76 7.11 14. 00 10.51 8. 24 1.28
WS-14-110 115. 26 8.25 14. 00 10.13 8.87 1. 14

®10 RAMEFRGEXTEMETH KGRI HR

Table 10 Calculation of bearing capacity of bamboo wall shear specimen by using bamboo cracking formula

R4S Ui/ mm BEJEL /mm AT AR /mm B AR/ KN BB /KN IR {E/ FS [-3e8
WS-12-50 51. 80 9.32 12.00 8.79 8.02 1.10 P e
WS-14-50 * 53. 81 8. 88 14. 00 7.40 9. 86 0.75 b e
WS-16-50 * 53. 61 10. 35 16. 00 7.53 13.01 0.58 s il v
WS-14-80 82.76 7.11 14. 00 10. 51 8.83 1.19
WS-14-110 115. 26 8.25 14. 00 10.13 9.51 1.07
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