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[ Abstract ]

and application of square bamboo and small-diameter bamboos are rare. Based on the test method of physical and mechanical proper-

At present, the research on bamboo mainly focuses on large-diameter bamboos such as moso bamboo, and the research

ties of bamboo, the mechanical tests were carried out on 111 Zhaotong square bamboo flake samples born in 3 ~5 years, and the ten-
sile and compressive strength, elastic modulus and other parameters were determined. Based on the experimental data, the intensity
probability distribution was determined and its distribution characteristics were verified. Combined with the research results of timber
structure and the reliability limit state design method, the strength standard value and design value of square bamboo were obtained,
and its feasibility was verified by comparison with moso bamboo, larch and other materials. The reliability index was corrected for the
design value of the compressive strength of the grain that did not meet the requirements of the code. The result enriches the database
of mechanical properties of small-diameter bamboo, and also opens up a new direction for the further research and application of
bamboo.
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Fig. 1  Cross section of square bamboo
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Fig. 2 Microscopic view of the cross-section of square bamboo
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Fig. 3 Parallel compressive and tensile specimens
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Table 1 Experimental data and calculation analysis

K

o i SRt b
RIS Ak BCEE C (i zagy JRERIE/MPa
KE/ %) JE/mm)  E/mm)

1 1(7.0)  1(4) 1(14.5) 1 68.02

2 1(7.0)  2(5)  2(15.0) 2 69.17

3 1(7.0) 3(6) 3(15.5) 3 95.59

4 2(7.5) 1 2 3 75.85

5 2(7.5) 2 3 1 69.96

6 2(7.5) 3 1 2 64.27

7 3(8.0) 1 3 2 67.21

8 3(8.0) 2 1 3 68. 44

9 3(8.0) 3 2 | 65.63

K, 232.78 211.08 200.73  203.61

K, 210.08 207.57 210.65  200.65

K, 201.28 225.49 232.76  239.88

ky 77.59 70.36 66.91 67.87

k, 70.03 69.19 70.22 66. 88

ks 67.09 75.16 77.59 79.96

R 10.50 5.97 10. 68 12.09
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Fig. 4 Indicator factor diagram
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Fig. 5 Mechanical testing equipment
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Fig. 6 Compressive strain field of the grain
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Fig. 7 Compressive displacement-load curve of the grain
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Fig. 8 Parallel tensile displacement load curve
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Table 2 Mechanical performance indicators of square bamboo with smooth patterns

IR TR AR T/ MPa FRMEZE/MPa BRRE HKE/% FE/(kgem ) AR LA A
W7 MRS 38 B 62 66.78 11.41 0.17 7.5 752.275 0.33 1814.24
WSz hr RS 8 38 158.75 45.59 0.29 7.5 752.275 0.4 1822.25
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Fig. 9 Displacement-load diagram of bamboo
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Table 3 Probability calculation of compressive strength of square bamboo
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Table 4 Strength design values of square bamboo

G A L2 I MR8 5Z it
SR EARAENA £/ MPa 48.01 83.75
WA HRE v, 1.45 1.95
far ZEAF L E] 500 R EME Ko 0.72 0.72
PR £,/ MPa 23.84 30.92
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Table 5 Longitudinal compressive strength

B o/ MPa fou/MPa  f, /MPa
B 66.78 48.01 23.84
E1700) 60.80 45.58 22.32
B 54.04 53.14 15.26
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MRS 3 E B
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Table 6 Parallel tensile strength

251 g MPa fi/MPa  f, /MPa
A8 AT 158.75 83.75 30.92
PR Ay 4 A 26 111.7 84.1 17.4
ARALTE A 1] 122.6 — 9.5
FA L] 81.6 — 7.5
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ST, JiHTHi RELGE IR 7 B

RT MARTSH

Table 7 Resistance statistical parameters

BEHLAS o RS SV 7RI 5 R
K, 1.000 0.050
K, 1.000 0.050
K, 1.000 0.050
K, 0.720 0.120
Ko, 0.80 0.140
Ko 0.720 0.120
Ky 0.800 0.070

D 1.060 0.070
R 0.644 0.233
0 0.524 0.288
W 1.000 0.190
S 1.040 0.220

VE BN B BA R ORGSR T T AR BB, K, WL
ITBHORHE AL, HAER RHON 8, Ky M HHSERE S R, Hs
SERHON 8, 1Koy B IETIRBBEI MR A IR RO 8, 1Ko W
ISUETZIES EL S E WPLE IS A IOES 8t s
8y, Ky JAEFHAUNAE MR B, U5 REON 8, <D MR I
ASRRHON 8y 50 WINARKTITHHN B R REON 6, 3 W MR,
HARZHN 8, 55 HhHAT HAERREY 8, 77,
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(RGBT FRUEY (GB 50005—2017 ) HLE : 1E
A AZ AR AR T, 5 32 (17 3fe AT 288 £ir 1 FH ) 3
F500. 8% MIFEALZ R EH A

Ky =0.72 0.8 = 0.576 (8)
8y = 0.12 x0.8 = 0.096 (9)
f, =23.84 x0.8 = 19.072 MPa (10)

(D AL SZ AT BT P21 oy, 5225 REL 8,
RS
My = KKK Kos Kot
=1x1x0.8x0.576 x0.8 x 67.81
=24.997 5 MPa (11)

2 2 2 2 2 2
Ok, + 68 + 0y, +0; +6 +6

=2
=
1l

0.05" +0.05% +0.14* +0.096* +0.07* +0. 175°
0.263 (12)
A2 E AR BN g LA S S5 R4 6 1T
RN

e = SiKyD 19,072 x 1 x 1. 06
T Yo oY 1.35
= 14.975 MPa (13)
(Ds,)*
S, = |6, + D§
2
= Jo. 052 4 (106 X0.07)7 _ g6
1.06
(14)

AIRE SRR B IR AR

len(’ﬂ)/ s (15)
M

sz E E VR R AT AR br B 1R AR

B=mn(r)/ /5 + e

Ms

In (24. 997 5 )

_ 12.43 = 1.849 6 (16)

0.263% + 0. 086
(2)D + 0 A5 FHSPHIME p, 52 RIS,
PGS

i = K KpKo Ko Koyt
=1x1x0.8x0.72 x0.8 x 67.81
= 31.25 MPa (17)
8r = o/Ok, +8k, +8¢, +8k, +Biq4 +6;
= +/0.05 +0.05 +0.14° +0.12° +0.07° +0.175
=0.273 (18)
TEELT + INVARETNTE S84 (D + 0) HE XU
SR A R AR S R O R

_deB(D"'OP>
I 2 2
23.84 x1 x (1.06 +0.524 x0.5)
1.2 +1.4 x0.5

16. 59 MPa (19)
Jy (D‘s/)) + (08(1.0)

(D + 0p)*
_J0052+(1.06><0.07) +(0.524 x0.288 x0.5)°
= 0.004 38 (20)

(1.06 +0.524 x0.5)>
THE M + INVABET G AT (D + 0) AEVEH
T, SR b B TR U
MR 3 v)
=In|— () o
g=m(5r) o+ a
(31.25 )

"\16.59
0.273* +0.094 38°

=2.19 (21)
Ao, AT PTAR R R BE 253 A BE DL AE &5
HIME ; 8, NI PR X B0 1E 2500 A BE AL AL 7R
SERBG w5 MEUEII N MATLAB #/F i 845
oy A TE BT IR By, T B T AR R
Fie PR 0 25 M 17 2L YE ) GB 50009—2012
3.2, 4 FRRE « MK A Aar BN K 25 R AN B, X H
AT IO B T A 2L A5 IO B 1. 25 35 3 g 10 40 T 2R 5K
i D O =2 I /N = 5 @ VA o L OB =
B 1. 35,

HNAEH A ER T, p =00, B =1.85 , &
AT + VARG AT (D +0)HA, p = 0.5 1E N
T,B =219, EE FiRIHFE B, o5 %HE 3
ff + AL EREEIE AT (D + R) HERT + In AR T
iz (D +0) FEAT + Fhrzk(D +S) AEEAT + K
(D + W) PURME S 28 LB p BT P DL .p =
0,0.25,0.5,1,2,3 4 (&AM F Aol S B0 15, 45
UL 8 FiR,

M5 8 T, p L O ~4 B, A5 10 34 A it 2
ISR AR, PRI, 2 B COR 45 8 1 3T AR o)
(GB 50005—2017 ) : XF A & T 5 B 48 A5 A 38
ﬁgﬁﬁ%éméﬁﬁﬁmﬁﬁﬁ&ﬁﬁm%u

BB 0. 83, KUy 4R FH B 3 85 18 (L 9fe LA i 2
%ﬁoglﬁ%ﬁﬁﬁmT S AR Q, HK
AAFEFREE G, FHEE p <1.0(p =0Q,/G, ) I}, i
LI AR K, H K, <1.0 AN

K, =0.83 +0.17p (22)

JHR 5 WINS0SZ R AT 5E FEFR B B, IR 9 IR,
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xRS IMUZEWEEEREL
Table 8 Reliability indicators for longitudinal compression 8

THEAT + (RS AT (D +R)

p 0 0.25 0.5 1.0 2.0 3.0 4
B 1.8496 1.7817 2.0458 2.3542 2.6150 2.71902.7710
fH 2T + AMARETHNG 40 (D + 0)

p 0 0.25 0.5 1.0 2.0 3.0 4
B 1.8496 1.8659 2.1924 2.5782 2.8991 3.01843.0762
TR + KB (D + W)

p 0 0.25 0.5 Lo 20 30 4
B 1.8496 1.5365 1.6235 1.7082 1.7653 1.78381.7920
THZRAT + AT (D +5)

p 0 0.25 0.5 1.0 20 3.0 4
B 1.8496 1.5052 1.5654 1.6125 1.6307 1.6307 1.628 1

x99 PERRMSZEATEERRL
Table 9 Adjusted reliability indicators for
longitudinal compression

fEAT + E BRI AT (D +R)

p 0 0.25 0.5 1.0 2.0 3.0 4
B 2.5223 2.2590 2.3544 2.3542 2.6150 2.719 02.771 0
AT + IV ARG 0 (D + 0)

p 0 0.25 0.5 1.0 2.0 3.0 4

B 2.5223 2.3425 2.4999 2.5782 2.899 1 3.018 43.072 6
THERAT + G (D + W)

p 0 0.25 0.5 1.0 2.0 3.0 4

B 2.5223 1.8668 1.9509 2.028 3 2.074 5 2.086 52.090 5
T ff + F AT (D +S)

p 0 0.25 0.5 1.0 2.0 3.0 4

B 2.5223 2.1556 2.2065 2.233 1 2.223 4 2.207 62.195 2

K10 BRI R EERB
Table 10 Satisfies the reliability index for ductile failure
THEMT + AEERE IS AT (D +R)
p 0 0.25 0.5 1.0 2.0 3.0 4
B 3.2036 3.2055 3.2941 3.273 0 3.4956 3.573 23.607 0

fEAT + SN ARG AT (D + 0)

p 0 0.25 0.5 1.0 2.0 3.0 4

B 3.2036 3.2017 3.3512 3.4058 3.681 6 3.768 73.800 4
THE AT + REEAT (D + W)

p 0 0.25 0.5 1.0 2.0 3.0 4

B 3.2036 3.2019 3.2743 3.3221 3.3244 3.31023.297 4
TR + Fr2 (D +S)

p 0 0.25 0.5 1.0 2.0 3.0 4

B 3.2036 3.3121 3.3464 3.3365 3.277 3 3.23343.203 4

i 9 I, RS B0 9 R S I S0Z I ] A
AR BTSN AL BOR, O 1l A (RS A T S S
BTG —FRifE) (GB 50068—2018 ) X iE P44 4 1] 47
JETEAR B=3.2 BUER , T2 A8 8 1 1 T A4 9
5 I BB 3R LT I 2R KL 0. 828 HEATILIE

FE 2807 5 R ST 1 T 2R AL A BB O B R AR S )
558 B U T THE R AT IR R B 0. 763 MEATAK IE 5 8 28 o
ST RE TG A7 2R 4 A 05 0, 5 VR 3% S5 1 58 1t
FTHET AT R %L 0. 782 HEAT R IE ; fH 281 5 KUFF
R A BRI K R L I B o R AR DL AR
0. 683 HEATRCIE 5 1H i fof 53 fr 2R AL A 1S O, B
VRS 1) i 5 T A LAPT I8 R £L 0. 718 HEATAR
1E, RS RS0z T 58 BE 5 AR B ANk 10 s,

VRS B IS 32 A SEFEFR bR B W /2 > SRR
INATSERE SR AR B =3. 2,

ZE TR BT SRR R AR B = 3. 2 AN 2 H 2K Ao
YEHIR I B 5 A 280 32 R 5 5 150 3 3 LA R 3% 2
0. 55 PR e FALA A TE R AT + 13 28 B I for 2%
i, 2307 L p = 0. 25 B W O P Is 3z ik e it
B LR 280 0. 67, M#R AT EL p =0. 5 B K5 547
I A2 5 B BETHE 3 DL JR A R 8500, 70, 24 25407 L
p=1 B AT IS 32 i B 3 3R DL R R 5
0. 76 ; far 2R AE AL & A TEARAT + I AR I faf 2R 15
MBI L p =0. 25 B K5 AT IR S0 A2 e 58 B A
TeLLARE Z500. 68, M3 ff kb p =0. 5 K 7 A7)0
S0 T B BT T DL R 80,72, 3k A ke
p=1 B AT IS 2 Fe ik B 13 T HE R DL R 2 R 5
0. 78 ; iy 2 AE FH AL & Ry fE 8 amr + JRUAr 28, K 7 A it
S i T IR AR L 2255 0. 62 ; fur 28/ 41
Ao tEERAT + 5 2B K AT IS e R T
HILLVHHE R 500,60, 1 K 4E £ B 3K ] 5E 45 bR 11
PR 2R 11 FR

T A AEPERE IR AT SE B bR B=3. 2, HLEL S Fhfl
BN TEIE R BUER/IME R =0. 55 B, A7 (RIS
USRS HE N

®11 HEREEBAATEERNARRY
Table 11 Adjustment factors for satisfying the

reliability index of ductility failure

i 2 R =0.8 x0.83 x0.828 = 0.549 79

p =0.25IFR = (0.83 +0.17 x0.25) x0.763 =
T3 A7 + £ 0.665 175
FEHEMEE p=0.50R =(0.83+0.17 x0.5) x0.763 =
(D +R) 0. 698 145

p=1HR =0.763

p =0.25M0FR = (0.83 +0.17 x0.25) x0.782 =
TH# m + Jp 0.682 295
AW p=0.50R =(0.83 +0.17 x0.5) x0.782 =
(D +0) 0.715 53

p=1H8R =0.782
fEZR A + K
r\ i R =0.91 x0.683 = 0.621 53
BAT(D +W)
I5 i =
BEM + 5 R =0.83 x0.718 = 0.595 94
i (D +S)
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S, =23.84 x0.55 =13.112 MPa (23)
5 #ig

ASCHPER T 66 NS Z FARFE 45 AN IEL
Zhiia ke, i B S AT A W B ) 24 PR RE R 56
2 % HE AT 12 v e 0 a a TQR o U A4 £k
RIE bR T S (G 4 62 NIz & 38 4
Wise Az i 5580 B S T, iT LU L
Tk,

(1) ISz 6 FE B2 3 DU B, ik as
TEBY B i AR B BN R R AR 4 B B, st AR I B B
(AR SR AT IR Y, BB AT I ST AR

(2) AT MRS A2 17 Fy e P e 3R, 6 3k 30 A BR 47t
P B 2 1, R TC B S B PE AR

(3) R IR 56 A0 5 - J7 A7 ik B MR A iR MK
IEAE X BOEZS 2 A, 2B R 5 S 6 E0E
B A RS, ST h7 58 B IE S A A
LE YT

(4) S MR GERI P o A0 B A7 5 B (A 1
FETEE VL O A ST R B A o (R R T
., AR SCH 5 3 - Y5 {8 5 B8 bR v (B, 98
BEHHE ST 5 4 . 66. 78 .48. 01 23. 84 MPa; J7 71l £t
PUHLoER B S 58 B FR A | 3 B 2 0 A
158.75 .83. 75 .30. 92 MPa,

(5) 5 BAT MFEATHE S FETAS KA L,
JrAT B U T E R T AT

(6) Z W (K 45 % % it #r #E) (GB 50005—
2017) Xt TP R SEAT T AT SR AT, b T
& CRESALSE A ] 5 B BT S —FR ) (GB 50068—
2018 ) XFHEHERE IR ol S8 BE 5 AR B=3. 2 I ZER, {2
FE AR A VE T B, 7 A i 20 37 o B 34 - 3R LA R
FERBO0. 55 R AE AL G I E AR AT + SRR T
far 2R, AT IR 80 32 o B 4 1 7 LA R 4 & 50
0. 67 ; i 2R AE AL A NIRRT + ISR TG fr 22 A5
Tr TR SL 37 i B (B 3fe DL R 48 R %50 0. 68 5 far 2
YERILA Jta d8ms + WUAar 2R s, B 5 77 IR 40 37 e i
FEBETHE e LA % 250 0. 625 far &k A 40 & R 1E 2%
ff + AR B P I 37 e i i a5 3fe LA A
HZEL0. 60,

(7) S vl 5E BB Ja , D7 A IS0 e 5 5 14
HE K 13. 11 MPa,

& % x #t
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