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Abstract

Reorganized bamboo is a new material that has been developed and developed in China for nearly
ten years and has good application prospects. However, it has not been widely used in the field of
building structure. The main reason is that the lack of reconstituted bamboo material meets the
design requirements when designing the restructured bamboo structure. The physico-mechanical
properties of the reconstituted bamboo materials were studied experimentally. The performance
parameters such as density, water content, water absorption/expansion, shear strength and grain
compressive strength of the reconstituted bamboo materials were obtained. The design values
required for the project were compared with several major building materials. Studies have
shown that the reconstituted bamboo material has excellent physical and mechanical properties,
but the density is large. The material parameters are close to the TB20 grade wood in the Wood
Structure Design Code, which can be used in building structures. However, the application should
pay attention to the adverse effects of the reconstituted bamboo material with good water absorp-
tion and large water swelling rate.
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BEE B E 2R R, E IR RAOINGER, A B ARIA R S B S R OR 8 S2 2 AT
ko RE RTINS, MR R A SAMMLL, M RALE R, HARE
Ji5gs BUR R, DA VAR B AT LA RAR IR v A AT AR TR i A
K, MEABI RIS A4 A 1S 5 A gRa BUIRAF4E0R, 22 RIR TR 2 S KEY 12%L0F, F RS
[FZHYR, LM IR (EA RS2 M T Z Pl Bt B — S R IR RS R B KRR
USSR TT R bt s BT A B AR R SRR BRI . TR 4 5E
FR1]e

HAT, ST E BRI S EE I A S G S5 U, (B TR U b . 2R
DIRAE BT EAATE R, b TR & itk 2RI 2 E R Fa bR . T DARR ZEXT BT AT REEAT
WL AR AR W 7T, AT AT AR OB T A PR RE, PR SE LA £ i SR A M AT Y 4 RT RE A
WO EANTARH B AR REREAT TG W 7E, 193] 7 EANTMRIERE . SRR KPR
WAL BY 56 B MOIRAL YT 9 L S RE S 4, 57 7 AT AP RIS & TREZOR i

VR TR0 AR 2 NIE R0 BT T AR S b IR W SR I, B AT ST SE He E RES ey T A
SURIPIATT 1o PANERAE3 18I 180 A H AT ISR 156, 45 SRR W ALAT (I MSTHT A 2% -
7% 2RI SR (1 SR R JRE B B, SR D25 7 A1 i % BE it UL B2 IS0 I 58 P X R 36 23
JAZESCEE[410 5 AR TO0T B EANT AT 7 SUR I, Z5R05RN, EATRESUR AR PR AR 3
B REE, HASR RME/NT 0.1, AKX B BUSIRZS , HARBMK . REF[SPTT R T EHLT
e PR B N TR G, S5 R AR WIE IR A N, B AT ISR SUT e 9 B -5 RO RS
EN1995-1-2 %5 HAH v il B0 e 558 FEHr oA A AL o 4] 583 9 [0 13 3o o B AH 47 ST 1k = AN T ) B 4T 32 11 1t
B, IS R HE H O e B SO UK e B, A5 H IR RS ) AR R 5 T A A AT AR SR K )
SEUEREWEIT, AR SCOGEAT AT A 52 ik 56 -
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2. RIS

WM ESRE T L R AT RHA R AR, FrA SRR R — 4k, HBEHLIEEL
2.1. ERMEEMNE

EH T H i A A A DG B A P A, BT DA AT RE e IR 2 % CORM 2 BEI 52 7 1)
(GB/T1933-2009) [7], #{ET 6 MR~ 40 mm x 30 mm x 150 mm /MR, 40520 58 MD1-6, 56
TR0 AR AR F R T AR AR5, OB TR il Uk B AR AT . 7E 101-4A B s FiviE
B AT AT, e 2T REMATIRES T EATERE, LR T% 8N B RNT G
W, BTEEARE(03C £ 2°C)%MF ML 48 h JE# R, IR E W 1 Fis.

Figure 1. Specimen in oven

B 1. ARt

2.2, EEHAESKENE

AT E KRN E RIS % (RM S KRN E ) (GB/T1931-2009) [8], HIET 6 ANRFA 40 mm
x 30 mm x 150 mm FRAF, 45 8 HSL1-6, SR TR AF & K, 3050 Fr il B 1483 o : TE3102S
BUH TFE. 101-4A 7 B HGE IR 55 XU TR 46 o

2.3, EETRKYE, EAKIENE

BRI KM . AR E RG22 CRM IR E 7775) (GB/T1934-2009) [91F1 (AAA T Ak 141
SEJ712:) (GB/T1934-2009) [10], HlI4E 12 SR FA 40 mm x 30 mm x 150 mm FIRFE, 20 HIFRic N XS1-64
SZ1-6. 5% AT s FH B4 A : Wi R RS TE3102S BY L F-FE, 101-4A B AIE IR 35 X148, XMTS-9000
RUbRAETE IR A AR o HARIB IR PRI P IR A T

1) bR R ROl SZ1-6 I RSF, W RSFHEEE by by 130K, B 17 RPAIRSUT I h
TRV R G T b TN EE TR ST M, RPEH by by L, T2 0.001 mm);

2) Kkl SZ1-6 TN BT IEAE N, JFTE60 £ 2) CHIMEE ML 8 h 5, HHIUH . FRE., k. M
TR (103 £ 2)C, LIt FE R, SEAMTMm s R, s T e AU IS T )
B, FHAEWLTE. BRI, vl IS, AUGRIRERIA(60 £ 2) CHET 8 h FikfF O &2
ETRE, DRIER A 2 mii 1005, 3K v mn G i & 5008 (0 ml 15 B . e 382 TIRE Tl &
mo;

3) FROAE AR R RO SR RS, 25N bos hos o

4) Bkt SZ1-6 MBI KA, WEIKIEQRO £ 2)°C, AMIHEREEG65 £ 3)%. ERIREAT, H2~3
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AR, AR 6 h il RIRSURE 1AL, R RE SR 2 Z A 0.2 mm I, 7T BLAE RSk
FRGE . BUHHRME, HARIUR IR IR R L, BT AR R R RS RGT, I8FN b

hmax N lmax °

2.4. EENEEHYIAN

T TH EATRA K 2 AT B R AT, AR SO S 2077 3 B R & 7 1 1) 2 B P BY it B (k4T T iR56, &
My E YA Z% (ASTMDI143-14) [11], #lfF 6 NEAFT AT IR, WAFFRS A 40 mm x
30 mm x 200 mm, RX{FS S A KI1-6, RIGAE NDS100 H7 /5 e iR Ie ML Eit4T, W 2 fros, BARRL
BRI

1) iz s RO B b e SR RE b AR RE A, K4S 0.001 mm;

2) TSR BN A TR AT 4 f5R0 120 mm, ANEIREAR 10 mm, AR ELR 30 mm;

3) ik RS E AR B A B, R R AR R 48 5 R0 2 E ik
WEAMPLES, DURIEH L)

4) RIGINEGEE AR, LAY 2 mm/min ¥ 51 EE RO, B A RAEIRRT, 8N B AT E .

Figure 2. Vertical shear test map of Bamboo Scrimber

E 2. ERMEETYIAEE

2.5, ERMHSGRERE

RIEFEESH RMWE IR RSN [12]. ORMIRGEHUE R 775D [13]. OR
SERRISTTIERRHE) [14] CRMANRSCHT R 5 A 5 8 T3k ) [15]1E1T .

HI7E T 10 RS9 40 mm x 40 mm x 200 mm (R FRAERAFBET AT RS RS, 905 70 A
KY1-10. 050K A 3Bk £ 8 WDW-300 HLF- /7 RERIGHL, TR 1 4 A2 1 A s ) AN ) 2 Sl ki s
FLBE R AR, E i TS3861 s i BHL S ARA 1 S AR AR, T 58 FPTR BR B i M ASE B R vri b L iR o
AT IS ARG 2 B 0L 3.

HARRIG PR T

1) FHEbR R RO il o 0 5 B2 AR BE, RS 2 0.01 mm;

2) TEIRPEI 4 ANTH AR FRD AT BT, 4T BB 5 MR R T A T4 5, ) 502 /KK AR 1t
NiRECAnRE ST R 2 A 4 ST RS, 23 A T 5 4 W02 R 4 AT A 0] 3248 A ] AR
D EAE AT DA S s A R ANARA B . AR VUGRIG R 120-3AA BUGE AR Fr, OB AR Fr 5] kil S48
TR R b, HORIERISRE B, NSO Bk, RS F SR SRS LR, i
HLS AR o B DU AN O T S IR 17 T A2 S A By C D THT, CBERAR B 43 450 1-8;
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3) B BCEE WDW B TR IRIGHL -, AR RIS B AL E, R 1 ik 5 iR 3
BRI RES, REHOJM1ES;

4) WEIIFINBITE: SR ¥EH 600 N/s B35 E T INE, Hbr 13 40 kKN, 7E 10 kN Al
40 KN Kb BB fRER, AREAREE] 30s, FICAStBURIC SN AR S8, e 32 IR MR s 40 kN 5 K]
PRGN EGEE 1.5 mm/s, EERIRFBIR, SHRFMFREMRE S 40%. MEKBINE, REXK
EAE P YN S L

Figure 3. Test apparatus for com-
pressive resistance along grain of
Bamboo Scrimber

E 3. EEMRSMERERE

3. REERS D
3.1. ESHTEENE

S E ARSI TIRE FEANTE R, HhATHEERNARRNT GRS E, 2T%ERN
MAEAE 60°C £2°CAF ML 8 h I E, AKX HE L ETHEEWE 1 fir.

& 1 iR EAMRTEEFEN 1.204 glem?® , T3 N 1.081 glem®, 7] W EATE ANEL
%, BRI R A . MESERAT N BTN 0.869 glom® , HEMANTHEEAMLL, W T 27.8%,
RPHEANTHABRMNAEE, HEMEAMY, BLEEFTET.

Table 1. Dry density and total dry density of Bamboo Scrimber
F 1. EEAMSTEE. 2 TEE

s STEE glem’ ETHY g/em’
MDI 1.221 1.074
MD2 1.060 0.947
MD3 1.283 1.159
MD4 1.261 1.180
MD5 1.190 1.060
MD6 1210 1.064

T HME 1.204 1.081
N 0.072 0.076
5 R 5.95% 7.03%
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3.2. ERMEKENE
FATRAETIRE TS KE, RO HHE, BHE 0.1%:

w=Tw Mo (1)
m,
L, w—i R EKE, %;
m,,— R KN whld (&, #A07 g;
my— AT &, A7 g.
F2HNH T EMATE KR, B2 W, EATMEEEIEKEN 6.6%.
Table 2. Moisture content of Bamboo Scrimber
< 2. HEMEKE
RS [T WiHE/g TR /g BIKE Y
HSL1 215.652 201.356 7.1
HSL2 191.705 179.500 6.8
HSL3 224.568 211.458 6.2
HSL4 217.784 204.877 6.3
HSLS5 208.417 195.513 6.6
HSL6 210.126 196.932 6.7
FHE — — 6.6
brift 22 — — 0.3
AR AR - — 4.5%
3.3. EAMRUKME. EAKMENE
AR KRR, #%RQ)ATIHHE, FHZE 0.1%:
g ="Tmax ™o 100 )
my
X, A TRIKE,  %;
Mupa— ARG T, 507 g
m()—"k:tﬁ/ﬁ:é:l:ﬂﬂ_ E(] J\%’ $"fj go
HAVPRAF B KZ A0S 3 Fic. B3 3 a1, BEATRKER 12.8%,
Table 3. Water absorption rate of Bamboo Scrimber
< 3. EEMMKE
A AT E R E/g B MRE R g WK 2/%
XS1 201.356 228.323 13.4
XS2 208.044 234.466 12.7
XS3 211.458 236.842 12.0
XS4 204.877 229.828 12.2
XS5 195.513 222.093 13.6
XS6 196.932 222.189 12.9
F){E — — 12.8
brifEZ — — 0.6
AR RE — — 4.5%
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MR R AT A AR R o AAARUIRAKER ap BT DA NN T B TTHRKER a, ap MMWAET 2
KBRS RGE R e @, o SZHIERACE . A5, NREREEN, TRKER S AR,
AT AT 2K 2 RSP R E FIIRSOT BRI R dma AMABURIKR o, o BT
AR SRR WL 4 P

Table 4. Recombination bamboo swelling measurement record

F 4. EEMEMMENEICRR

B R /mm
ol AT T WAk R
i
bo ho lo VO bw hw lw bmax hmax lmax Vmax

Sz1 4.230 2.938 14.852 184.577 4.070 2.950 14.860 4.342 2.960 14.890 191.370
Sz2 4.212 2.940 14.844 183.817 4.068 2.966 14.858 4.320 2.988 14.862 191.841
SZ3 4.156 2.958 14.778 181.673 4.018 2.962 14.766 4.258 2.966 14.788 187.696
Sz4 4.080 2.930 14.558 174.032 3.988 2.984 14.550 4.196 2.968 14.569 181.426
SzZ5 4.214 2918 14.668 180.364 4.070 2.960 14.688 4.328 2.952 14.720 188.066
Sz6 4.264 2.970 14.438 182.844 4.062 2.936 14.458 4374 2.982 14.466 188.684

HATRAMF LR, %G BATHHE, KR % 0.1%:
ZO

max

Aoy =

x100 (3)

0

AKefr: a,,, —RPFOKE R R IREOT LI, %;
[ —RPEWK 2 R R I IR0 1 (R, 367 mmy;
I, — R T IRSOT K, B mm.

AT ABREAKRE, 1% BAT I, R E 1%:

Vinax

14 — VO
— [ max %100 4

0
Roft: a, R AT RO E R R I B, %
Ve — AT S S R B, A mm’s
V,— T R, H mm.
TR IR 5 BT

Table 5. Linear expansion rate and volume expansion rate of Bamboo Scrimber

5. EEMEBAER. ARBAKER

™ IR /% T
s bI7H h T 1751 @, 1%
SZ1 2.6 0.7 03 3.7
S72 2.6 1.6 0.1 4.4

SZ3 2.5 0.3 0.1 33
S7Z4 2.8 1.3 0.1 4.2
SZ5 2.7 1.2 0.4 4.3
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Continued
SZ6 26 0.4 0.2 32
FHME 2.6 0.9 0.2 3.9
brifE 22 0.2 0.5 0.1 0.5
A5 R — — — 12.8%

VE: h FRIANRSOT R b T RAYTEEE T [ T AEETTEEE T, VIR R,

i 5 mrgn, EAMERBIEKERAN 3.9%, 4B & RMLIEKRR KN, N 2.6%. EHTIBEKS
RN, NAE AT SR A B K
3.4. E HMEEHYIARE

FEANE AT, BEE B A0, AR IR P M BLRUIN AT s B, il B R
faf (RIS KT 0, I A BEA R M A s RIS R 3, IR A s, JRAE A T o b A 2R
g, IR L BRRIIREZ G, R ARG R KAIM R, R E Bl iE A 4.

Figure 4. Test piece after shear failure

B 4. SIS RRIA

BN AR IS Y 5 % (5 € -
3F

T=m %)

s —HiB 5 (MPa);

F— i i BRI (1 f (N 5

b— T BNk A B8 BE (mm) ;

h—E BN 19 R (mm) .

Vo F AL 2 DN B ) 9 R0 I B AT R A b, Nk 6 BiaR. I 6 AT, EAATPUET SR
N 14.8 MPa.

3.5. ERMHSURERE

TEIERAIN], A NBRER B, AR T BE A ST OB D0 i 2 3 K5 Bl o B3, SRR
PER B, AR A G R B AR T B &, T U IR S e 7, I B R R T T A
RGN G FENBYERBS, WA 4E SR, RIS, BN S BEAE AU — B,
PEZRTH A AR BT LR, SRR W, ELEBIR . R AF 0 S BN T 245 1T 40 i A 5K 0 B Al
W 5),
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Table 6. Vertical shear failure load and shear strength of Bamboo Scrimber

= 6. EEMEEIYIBSAEERMN T RE

RS R b x b (mm x mm) IR BUKN) BB SR f; (MPa)
KJ1 40.40 x 29.40 22.893 14.46
KJ2 40.54 x 29.26 22.454 14.20
KJ3 40.10 x 28.98 24.730 15.96
KJ4 40.82 x 29.08 22.308 14.09
KJ5 40.44 x 29.38 23.129 14.60
KJ6 41.24 x29.18 24.847 15.49
P — — 14.80
PRk 2 — — 0.69
A RAL — — 4.65%

(@ ®)
Figure 5. Failure modes of Bamboo Scrimber specimens under
longitudinal compression. (a) Buckling failure; (b) Compres-
sion shear failure
5. BRI E EREBIAES. () EBKIF; Ob) E
SRR

R AR R B T AR R, EAATR M LA, ARG EAGFE 2R,
SEBEL A I A BRI, R B A S5 B B RS . — RS, 2
SOMHIE O\ 7 S A 2 A B o

FHTRLFAIT R - KB MR LI 6, (FE] 6 AT AT LT PRV AT T F S A S A AR
G T MM B OBMEN B MM BRI R B AR - R MRS T BB R
BBORI R IR, R TR A S B R Y

ST ARSI e B AT RO PETT 25, o BB O A A ACH M S SRR 04 AT A A 7 T
FOBF e, R4 AR PR RORS GEME R BT B AT, DA S SR B SR MR, 4 5
HO P LR P b, B PR R AE e R SR 44 P SR AAL T (R R . B SCHR 67 LT
B (FE 7Y IR RIS o (RS E P 2 BOR AR A SR T+

DI =Au/Ay ©)

b DI —EHAVT R IETE R EL
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Ap — B AT PRAL A% (mm);
Ay —E AT JE RALFE (mm).o

1200001
—iff1
100000+ — A2
— U3
— w4
80000 it
= — e
£ B
3 60000-] —iaf
& — o
pi=S —u\F10
40000
200004
O //‘ T T T T T T
0 2 4 10 12

6 8
{1#% (mm)

Figure 6. Load-Displacement Curve of Bamboo Scrimber spe-
cimens under longitudinal compression

B 6. EEMIALZERR - (H5EhL

0 Ay A

Figure 7. Geometrograph
B 7. JLfAEEE

M T AR E AT R E I RBUSME N 3.99, PRMEFEDN 0.21, BRREON 5.16%, RKILH REFH
SEVEVERE, T TR S ALY 4 S50 B DO X B T A AT S B RO

Table 7. Displacement ductility coefficient of bamboo scrimber

=7 EEMABELRY

NG TR JEIRA2F2 Ay/mm W PRALF Apg/mm EEZRLES ()]
KYI 2.06 8.76 425
KY2 2.24 9.35 4.17
KY3 2.33 9.61 4.12
KY4 1.97 7.48 3.80
KYS 1.88 7.12 3.78
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Continued
KY6 2.12 8.37 3.95
KY7 2.76 11.31 4.10
KY8 1.73 6.42 3.71
KY9 1.89 9.12 3.81
KY10 178 8.89 417
I — — 3.99
bRz — — 0.21
R — — 5.16%

WIS R L Jm, AR PURSRIE £, 8 B AR B LR SRR IR 2, T 5EEIT
Jo=— (7

b, e NIREE S K Ey wooltd (I PTSRE,  H147 MPa;

P— MR BR AT, BT N

A—RR BT R, RS 4=bxn 135, A7 mm’;

b— IR A FE S, B mm;

h— AR ) JRE , FL mme

WIS R B, ARIERM I AS A EG B T 2 E, A EGHE Z 5 HK
e, BIWTAS3), TH5EI5E T

AF
E =o— (8)
R, E—ARMIRSHUE BB, 860 N/mm®s
A—RERE O SE PRI, MRS A =bxh B8], AL mm?’;
AP R, ELLBIBRLL T, BN AF =F - F,, $AIN;
Ae—(ERTERIE B AF (R R 0 R 40 RS B, DU T P54
2 18 A 3(9) TH B B o B T R L
u== ©)
&

L, —R A H
&' — RSk B B (A [ AR
& — AR BL I 1) AR
% 8 FIH T EANTIRSHUE RIS I PR 3 PUR SR . BAMESTERIARALL . R 8 A, EAAT
NS AR ()40 e S 2 E O 57.35 MPa,  #PERCE-FI1H 4 11,809.32 MPa, JHAALEL N 0.384.
RE I LA R T EAT M BIR AR HEE TR AR, WSH ORGMEHFM) (16T =LA YT
S AR UEAE T 5
fo =m—2.104S (10)

A fa—BHANT ISR SR AR HEE (MPa);
m— BT RSG5 7 B (MPa);
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S—E AT RS 98 BEARE 2 o
H=(10)F1% 8, 153 £, A 54.95 MPa.

Table 8. Parameters related to compressive resistance test of Bamboo Scrimber

#* 8. EEMIRSIEREEXSH

A e R A 28 PSR AE PR THRALE
i P (KN) /. (MPa) E (MPa) U
KY1 96.51 56.69 10,577.00 0.338
KY2 102.96 56.16 11,467.25 0.360
KY3 106.99 59.32 10,570.50 0.393
KY4 100.53 58.44 10,903.25 0.435
KY5 94.05 55.87 13,291.82 0.358
KY6 92.36 57.05 11,398.20 0.408
KY7 99.77 58.36 12,411.50 0.425
KY8 94.23 56.92 13,828.55 0.353
KY9 95.56 58.34 11,479.67 0.346
KY10 93.49 56.36 10,683.89 0.367
I {E — 57.35 11,809.82 0.384
PRt 2 — 1.14 1161.80 0.034
A5 R — 1.99% 9.84% 8.91%

I AR ) THEAT H E AT RS SR BT HE £
Jo =Ky
e
K=K,K,K, /7,
Ko =KpKpKg: Ko,

(11

(12)
(13)

b K—BIEREG f—HATRSGURREZBHE: 7, — I IRE, B 1.45; Kp—IT IERSTPERE
Wi 5K K— RSP R/ 5 Kg— M BISBEET ARG Ko—RIRGRIEFEM R EL Kop— T HRBREE RN 2
B Koy— KA HOW SRR R AL Kop—FRUT R HL. B R EBUE S 1K HR(171 MR T,

2% 9.

Table 9. Scrimber Reduction factor of compressive strength of Bamboo Scrimber under compression

9. EEMIRYZ ERETR R

g K K K K K K

P 1 o1 02 03 04

Vr

EHLT 1.00 0.96 0.80 1.00 0.67 1.00

1.45

HARADFIE 9, THEARNRSEUE B E R HE £ 4 19.68 MPa.
4. BB BEIXTEL 3 iR

B UL A5 B AT 50 s 5 iR [18]. FLABBIIRAIARM[19] [20] [21 1B AT AT b, B0 W3 10.
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Table 10. Comparison of physical and mechanical properties of reconstituted bamboo and concrete, wood

F10. ERMEREL, AHYBEHFMEEXLL

5 R AH TB20 %
C30 C40 LVL TERERA Vi Fs T man  EE
W P (g/em?) 2.36 2.40 0.57 0.463 0.51 0.46 1.204
P 38 % (N/mm?) 20.10 26.80 27.83 45.47 41.00 52.60 57.35 36
FPER (< 10* N/mm?) 3.00 3.25 1.11 0.73 1.11 091 1.18 1.20

AT 10, LA H:

1) 125 AR R LR b, AR N T C30. C40 JREEHIVERE, KT HAb 5 Fhok
MRERE s AT R G L, EANT RA BT A

2) EANAERS 5 MM, SR, SRR ISR R K, ISP s S
PERLRER, NIBER, ARG IR TR IIRE ) BEANTRR AR ikiE ORGEMITHFRED [22]Hh TB20
58 P =5 4

5. &t

W RGA T EANMARTHEEN 1.204 gem®, FHEKERN 6.6%, TKFEN 12.8%, AFTEAK
N 3.9%, T E V) EEARMEE N 12.94 MPa, A8 FEARAEE Y 57.35 MPa, NS 58 B B H
79 19.68 MPa, VHFALL A 0.384, IRSUHAIERE N 11,810 MPa, rASIENE 24N 3.99, BT HI5R I H54R
BAE CORZEMBETHRNEY o TB20 MISRRESE, IHRIG IR AL Fdk4r 78T, S F45e:

1) M IAAS, BHANBEEKR, BLERS, MRBS;

2) FEANTROKVERELF, WK R B, TR b 5 0 S AT A8 /K 28 T B T A

3) AT BT ) 5 B AR AR TS SR bR A, TR b 7 7 o ki S AT bR R R AT
(IRF A, Db EAAT I BT ) 32 77

4) BANTMES], BRI, B RIFEPIIE RS, o DE @SR

e HE

oK B AR #4100 H (51878590)
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