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Experimental research on the mechanical properties of

phyllostachys pubescen along the grain direction

HAO Jiping', QIN Menghao', TIAN Limin', LIUMin', ZHAO Qiuli*
(1. School of Civil Engineering, Xi'an Univ. of Arch. &. Tech. , Xi'an 710055, China;
2. Guangzhou CRUPE Systems Building Materials Co. L.td, Guangzhou 510070, China)

Abstract: The experiment was conducted to study the mechanical properties of Moso bamboo culms and bamboo
sheets along the grain direction. This enable us to know we know the elastic modulus, the compressive strength,
tensile strength and shear strength of the bamboo along the grain direction through the study of 41 specimens. All
the strength was converted to when moisture content is 12%, to eliminate the effects of moisture content
differences. The results show that the tensile strength of bamboo is slightly larger than compressive strength along
the grain direction. The compressive strength is almost equal when it was tested as bamboo culms and bamboo
sheets. The bamboo node rarely improved the compressive strength, and weakened the tensile strength and shear
strength obviously. This research also proposed the phenomenon of specimens failure and the reasons, provided

necessary basis for the bamboo structure housing design and further theoretical analysis.
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Fig. 1 Test equipment for determination of the compressive

modulus of elasticity of bamboo
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Tab. 1 Test result of compressive modulus of elasticity

BRAR

FEIE 0

BIKE w /% 44.27  46.65 49.61 46.84  4.66

RGNS YT1 YT2 YT3

E../GPa 11.32  11.56 11.15 11.34 1. 48

E.../GPa 12.71  12.97 12.52 12.73 1. 45

VE: Eo B i S5 B R s e bk R 120
B M 5 30 P 388 P A
2. 1.2 P s AR A I E
A7y A I 5 e hr s PR AR B R RS
330 mmX 15 mm X ¢t mm, H[E)F RN Rk
60 mmX4 mm Xt mm, t MTEEEREE. RS
e 2 Brs.
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Fig. 2 The sample size of tensile modulus of elasticity
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Fig. 3 Test equipment for determination of the tensile
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Tab. 2 Test result of tensile modulus of elasticity

RS YT1  YT2  YT3 E¥H{E

/%
EBIKE /% 42.82  36.07 31.40 36.76 12.75
E.,/GPa  11.63 11.61 11.71 11.65  0.37
E..,/GPa 12.99 12.90 12.93 12.94  0.29

VE: Eu b G ST R R Eo b KSRl 12 1
WL L
XHEGSCHR 4 SCRR 5, AR U e 0 &2 {1 23 1) de
B30, 5. 70, KR i I R A L R
SEHUEAE L MR i A 2 IR R 2 e Y
F3 FAEERERELL

Tab.3 The data contrast of tensile modulus of elasticity

EARDAL G
23 SR B R 3
i /GPa
CEATE 128 B R PR 58 ) 12. 54
(& F DSCM A dr IR achuhr s i m g ) 12,21
AR R B 12. 94
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ML R s, RIS i 4 BT, %S 04
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X 15 mmX¢ mm,
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Fig. 4 Test equipment for determination of the compressive

strength of bamboo sheets
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Fig. 5 The compressive failure of bamboo sheets
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Tab. 4 Test result of compressive strength of bamboo sheets

W 2 WSCHC I 5/ MPa
A wm me 0 mm ak
G w/%
P.../N  A/mm’ few 12% fois
Y1 6 873 139.5 45.18 49. 3 62.3
Y2 6 292 141.0 41. 69 44. 6 56. 3
Y3 6 288 139.5 49. 50 45.1 57.0
Y4 6 302 142.5 49. 18 44. 2 55.9
Y5 6 587 138.0 48. 29 47.7 60. 4
DS SEiER 6 468 140. 1 46.77 46. 2 58.4

AR/ 3.59 1. 05 6. 34 4. 29 4. 32

2.3 PTRIRS b e B 8l E
SRERFEAT VT RAT I BUhL v B g e, 5 4y
BRI TRA, SHE 5 ANREE, LR
5500 7 HUbz s v AR B AR A ], A AT ARG
FADL T i), 54508 200 N/mm?® (135 5] 3 BE il
fuf B F IR IR
2.3. 1 FeAT T NRSCHTRL 5 B 1) I
Ay B FEAT 1 RS BB A 8 I8 T XA 4 24 i
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Fig. 6 The tensile failure of bamboo sheets without node
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Tab. 5 Test result of tensile strength of bamboo

sheets without node
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Fig. 7 The tensile failure of bamboo sheets with node
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Tab. 6 Test result of tensile strength of bamboo sheets

with node
DR ZH NS 5% & / MPa
R T sk
CE LA W k%
G w/ %
Pmax/N A/mmZ ft'm 12% fc.lz

LY1 5 382 35.8 30. 08 150. 2 137.3
LY2 4 787 34.2 31. 25 140.0 127.9
LY3 5 668 27.9 39. 38 203. 3 186. 0
LY4 5 966 33.5 35.92 178. 4 163.9
LY5 4 384 30.5 35.55 143. 6 132.0

FMH 5 237 32.4 34. 44 163. 1 149. 4

R ZJE M2 3T 53k BE / MPa
R i . ERE — o P
o gl N /% [N 41 = &4
Pow/N  A/mm* o 12% fir

LW1 5414 32.3 37. 39 167.5 152. 6

LW2 5414 31. 4 33.51 195. 2 178.0

LW3 6 132 30. 4 35.58 157.1 143. 2

LW4 4783 35.4 43. 34 196. 6 178.9

LW5 6 951 32.6 45.79 173.3 157. 6

2.3.3 ATVTRAT R UL G B B S

e T TCAT VAR A AT ST 9 B X
o, HWTRL, AT R B AT AT R 8 ST 5tk
AR, AT R I ST 5 b TE AT
TORFERRAR T 7. 800, Xy T 0o 4 AR W
Pk AN, R4 Ar BE A O B 2 AT T
I, AT A )BTRS A BT 55
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Tab.7 The contrast of tensile strength between different samples

1S SR SF T E AN 19 o— BRE WS

M WE/MPa L /% B/%

B 5739 32.4  39.12  177.9 162. 1

2.3.2 AATVRSHTRL R BN 2

AR B B R TE 35 Te AT IR B R
R — 22 5. A7 U B0 Wi 43007 R T
Gy Sy v ) A7 A CRE G AT N ER AL, i o R
FEMEA IR R, BRI SO TSR, IR
LA 7 B, kB AR WAL 6.

AT 162.1 1. 00 14. 2 8. 74 7.81
BT 149.4 0.92 22.2 14. 84 13. 28
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Fig. 8 The compressive failure of bamboo culms

without node
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Tab. 8 Test result of compressive strength of bamboo

culms without node

W 2R I 23 0 558 B / MPa
A : &K :
w5 i mH oY% W kR
i Pow/N  A/mm? fow  12% for

YW1 86.79 2027.6 48.53 42. 8 54.2

YW2 112.63 2 472.0 41.31 45. 6 57.7
YW3 99.45 2038.4 44.77 48. 8 61.7
YW4 91.60 2193.4 43.82 41. 8 52.9
YW5 95.98 2059.8

At

2.4.2  BFATVISCHT R R B 2

AT, AR AR TR 5 T AT R
M, Pregm shsiih, Rk, BT AT R AT
AEINSAVE R, s ik AR B BEAT TEAT VT AR B
W 55 17 28 18 I, s S Y BE S T W T 1) B A

38.99 46. 6 58.8

97.29 2 158.2 43.48 45.1 57.0

EAT Y —ERE LR TR ITFH, BikE
WA 9 () Frw. BRBMRBARER G, BRL4kE:
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Fig. 9 The compressive failure of bamboo culms with node
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Tab. 9 Test result of compressive strength of bamboo

culms with node

W 2E MR LA 58 B / MPa
NG \ CESS

T 2, m# WEr  &SAKE
5 ,  o/%

Pow/N  A/mm few  12% fors
YY1l  116.56 2200.9 40.12 53.0 66. 8
YY2  131.15 2491.5 40.28 52. 6 66. 4
YY3  127.90 2412.2 47.66 53.0 67.1
YY4 89.81 2177.6 37.81 41.2 52.2

YY5 85. 00
T
2,403 ARt [ A 0 5 BE ) S

A 10 SR T A 35 SRR AT A7 9 R B e i
BEXTEL. A8, AT IR R BT S R
PRSI T 5. 990, A6 B IR i I A
OSSR JH I R WY iR AR LA N B 4
{EL b T o B T Sh B, R T 4
OB DI, 035 T IR BERG SR .
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Tab. 10 The contrast of compressive strength between

2136.9 46.53 39.8 50. 4

110.08 2 283.8 42.48 47.9 60. 6

different samples

1 S SR SE I E AR i - AR AR W

4L sRBEE/MPa Ll B/% /%
T 570 0.94 3.2 5.58  4.99
B 60.6 1. 00 7.6 12.57  11.24

VE: L PR S AR R N 120 M BB R 2. WAL
AR 23R T ) {5 A4 B AL 3R B 0 L £

2.5 BEMTIRSHE R E A E
& B bR W ISO 22157-1-2004 (E)', ISO
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Fig. 10  Shearing failure of bamboo culms without node
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Tab. 11  Test result of shearing strength of bamboo

culms without node

(b) Y7 bR Joy TR

() T

B 11 BEfEMHIRSRE#EES

Fig. 11 Shearing failure of bamboo culms with node
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Tab. 12 Test result of shearing strength of bamboo culms

with node
1278 ZJE MRS 5% & / MPa
R e KR
nf N nA b é'\j 22
%_%,_ w/% T\ L
P.../N A/mm?* e 12% for

KJY1 39.83 3120.2 37.37 12.77 19. 05
KLY2 35.33 2742.0 40.37 12. 88 19. 22
KJY3 30.91  3290.6 49.78 9.39 14.02
KJY4 41.98 3 602.0 36.69 11. 65 17. 39
KJY5 38.87 3424.1 40.75 11. 35 16. 94

SEXMY 37.38  3235.8 40.99  11.61 17. 33

WK ZIE M5 £ 470 548 BE / MPa
R - - EIKE o o
Ll 2 A A7 R
G 7B
P.../N A/mm?® Fow  12% fur

KJW1 44.00 3 244.4 32.90 13.56 20. 24

KLW2 48.76 2 903.5 41.45 16. 79 25. 06
KJW3 47.62 3 292.0  46.87 14. 47 21.59
KJW4 48.00 3 173.9 43.69 15.12 22.57

KJW5 56.00 3 272.3 39.40 17.11 25.52

SR 48.88 3 177.2  40.86 15. 41 23.00

2.5.2  AATIRSCHT R i B ) E

TEMBAT, AT AT R AR R
MBS R, FERE— A B, SR S B B 8,
WA 2 R E BT YT IR, TR0 S i R, 0k
IS 11 PR, B s R 12.

2.5.3 AR [ AT BT BY SR B S
A 13 A FEAT 1 R AU A 7 R BT B9 588 5 %
Fo. e RETRL, TE AT WSO BY 5 R A AT A AT
TNRLCHUBT RS T 24, 6500, X EEEH TAT
ALY BLAR 16), 1] Ah B, S BLT 4 R) BE B
MR, RG25F T B, AT 6 R AT BT BT 5 BE AN AN
ARERAEN, R —E B REARAE .
® 13 TR B ITHHL B 58 B

Tab. 13 The contrast of shearing strength between different

samples
[ S S SE e A X i P— ARR MG
YR SREE/MPa ] 8% W%
AT 23.00 1. 00 2.3 9. 82 8.78
A 17.33 0.75 2.1 12.13 10. 85

TE: 1. PEBUBTRE B KRN 120 (W HUBT SR EE s 2. REAKLL
S T 2 5 E 1 34 B 5 TR AT Y B T 2H i B Y L

it
(DA% A3 4 AF A BT PR HIEBE
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R, 4 BTGOS0 724 PR RE ) 3R IF 5T 783

12.73 GPa; Hrhisd{EAiEH 12. 94 GPa, st
o7 SO P A e S R T T L P A

(2) A Fe AT 05 I S0 B A7 988 B 45 T AT 17 P o
JEREAR 7. 8%, ATTHIGS T AT )BT G

()T R RS b 5 B ok 58. 4 MPa, [T Je AT
TGP 58 BE Ry 57. 0 MPa, A 4747 1X4FE K 60. 6
MPa, % H A [ 358 B4 o0 % 3R 45 SR B K K
Mol , FESERR N A Hr BT B R H DIAT R S s B T
AIRIR Y S s A AT T AR A TR AT T IR B o
PEE T 5. 9%, AT iR I 1 SR A IR AR 2.

(4) & A7 F6 A7 39 MRS Ht 8 58 B 2 23. 00 MPa,
B AREE R 17, 33 MPa, JeAT 15 S0 Hi 87 9 BE 45
BTV SCAT BT SR EE PR T 24. 65 %, AT RHEIAT
U 9k BEREACAE B 2.
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