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ABSTRACT

Bamboo has become the newly alternative material in structural
architecture but it is still discouraged to use by people because many of them still
question about its long-life durability. In Thailand, most people think of bamboo
structure that they are not permanent structures and seen as they are just for
temporary. Therefore, bamboos are not fully utilized as it should at its highest
potentials and capacity. That is why it is important to investicate for potential of
bamboo capacity. The objective of this research is to study the physical and
mechanical properties of Pai-Tong (Dendrocalamus asper), from four main regions of
Thailand; the northern, the northeastern, the eastern and the western. The method
of finding will conduct through the testing experiment, using ISO (22157-1) standard,
and make comparison to other research in same method. The test result then will
help to determine the material property standard in order to assist in bamboo’s
structural design.

The results of physical characters of 3-4-year Pai-Tong are found as
follows: the average thickness is 14.18 mm, the average diameter is 116.48 mm and
the average cross-sectional area is 4,548.11 mm”. The physical properties are as

follows: the average moisture content is 15.33%, the average density is 760.41 kg/m3



(@)

and the average shrinkage and in thickness is 0.20%. The mechanical properties from
testing lab are as follows: the average compressive stress is 42.87N/mm3, the average
tensile strength is 141.84N/mm3, the average shear strength is 9.67 N/mm’ (with a
node) and 6.51 N/mm’ (without node), the average bending strength is 127.24 N/mm’
and the average modulus of elasticity is 27,750.89 N/mma.

Furthermore, to use bamboo in real application, this test result will apply
to the design structure as a case study. However, it is needed to determine the
common form of structure. The study of existing bamboo structures is performed in
order to find design direction of form. It is found that the bamboo structures are
created in frames. Frames are usually in the triangular and symmetrical relationships.
To make a bamboo building, frames will be used in repetitions. It is found that
bamboo building created using two unique framing repetitions. They are horizontal
frames or radial frames. Moreover, within frame itself, there are three popular frame
configurations. They are the tilted straight columns, the tilted columns with curves,
and lastly the entire curved frame. It is decided for the case study model to do the
tilted straigsht columns because Pai-Tong is too difficult to bend. The computer
simulation then is used and found that structural frame cannot accept the actual
load at a single culm, so the frame members are needed to increase bamboo culms
to meet the actual load. The beams with a length of 3.50 — 5.00 meters must use 2
bamboo culms. The beams with a length of 5.01 - 6.00 meters must use 2 - 3
bamboo culms. The beams are longer than 6.00 meters must use 2 - 4 bamboo
culms. The columns with a length of 2.30 — 2.80 meters must use almost 7 bamboo
culms. The columns with a length of 2.81 -3.40 meters must use almost 4 bamboo
culms. The columns with a length of 3.41 - 4.20 meters must use almost 3 bamboo
culms. And the columns are longer than 4.20 meters must use almost 2 bamboo
culms. Overall performance is in satisfactory with the ranges of 2 to 4 bamboo culms

per members. It is acceptable amount and easy to manage for a simple structure.

Keyword: Mechanical Properties of Dendrocalamus asper, Bamboo Structure,

Bamboo Architecture
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2.1.1  ANUAENIINgNYAEAsYaelNng
eima (%aimmmam%: Dendrocalamus Asper) L?Julsﬂuaqa Dendroca-
lamus #1731 dendro 1narnATwIN3ARSiALTLneTn Guls waz 190 kalamos  wUagiie
Useunnwane datl  Dendrocalamus Siaanumunedn mnefdunendioduls Saudneds
Snwauzradlineifidlivualngjreudrmsauarlifvuiy fuduneroudruiu fauge
Uszanas 20 wng Yanealbildsuasiosassn iduruaudnasdlniiniiue1iussaiu 8-18
wuRwns Udesudazudosiimiueniussanm 40-50 wuiuns iWeldinnumuiussanm 1-
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fyuunaguuustukazdndsineniaudnwiuuinaudeld lulinualvguazend dainy
AN9UTEUN 1.5-3.5 WURUeS hazila1ueUseunn 20-30 wuduss YatsluiSennray
vouluannuazay linsdiuszana 50 vllausnnululveiinemue 4 il loun Tinay leinedn
Iinadied wazlinmile wiazyiadinnuuandsiunssivuiauasdvesdili Weinauauda
yoalnnsnivuelug dldroudenss dauamundassiagmite Jeilndunieusunlyd

Tuaulas9as1e Wy 1@ AU warlAsIasIanraLan

2.1.2  auautANInIenwUasling
AuaudRMIINEA U IENaUAIY AIWAY (Moisture Content), A7
WYL (Mass by Volume #%30 Density), N15%n61 (shrinkage) WaZAIMNENTNNIE
(Specific Gravity) 18+ spaauiinianeaimunalsensiinansenusenuantidena aun

AT UarANENTUNIE NMIFnwnuIiinuidenfnwnaautininienimeesling
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AN5197 2.1

o &

ANRALANFUTANINNIENINYDIlEINIDINIINTIEOY

ARUALURNISNEAN 1 2 3 4
uRuAugnaanIeuen (1. 1132 92.5 - 85.3
ANRUINTIUA DY (3131.) 12.2 11.1 - 12.7
AU (%) 11 (d6)* 11 19.98 11.73
AN 0.77 (0.73)*|  0.69 - -
AUUILUY (NN./AU.4.) - 767 - 797.95

AU 2.53 - - -

SHIG]
NSUART (%) PUSAL 1.35 4.5 - -
f1UE1 0.21 0.1 - -
AU - 4.2 - -

* flanwan (ALY 38-60%)
Ve, 00 1. §ina A1AA3 (2540); 2. gud nenes (2547); 3. Wain Ussasdnsana
(2554); 4. vonanual AgeUd (2554)
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nennluveuiniififoaulaviefnuiansauantifidmaienuifodu ann1sdn
mATeAnnaeuuaniRvnienmveshindulsmalneuidnuaoiugdosiiuansneiu
wu1 anandAnenmenmanlvgfidlndidseiu uilanautiuisUsznmsdafiunnsaiu

q

WOANAIT LYY NMSUAdIn LAl 3 2 913TenlaviinisAine Ae 1.35% (§Ana n1AA3, 2540)
Wag 4.5% (@977 Ineinys, 2547) wagAAmnududAlnalfeaiuiinde 11% enviuunuidy

U a I3 Q{'::l 1 dfl’ 1 a v dl' 3.}! ‘:’ll 1 d‘
Y83 WYINT UszasAnsana (2554) NLAIANTUAAINMWIIEDY 9 1N Nallandnanved
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AuaudAnadiauddgysonisAwiakazeantuulasaaselviinig
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WL araINNsaTuLTIRaInUminus SN inseyiuulasasne auaudRdna

UsZNaUMIY NSATUNIULTIBA (Compressive Stress), NSATUNIULTIAA (Bending Stress),
NIFAIUNTULTIAG (Tensile  Stress), NMTATUNIULIARBU (Shearing  Stress) wazlugaaves

a 1 .. =~ A a e va a |
ANuBAnEY (Modulus of Elasticity) 9nns@nwinuindeuidenfnuauaudfidnavesiu

M9 FIANTIN 2.2

AN 2.2

]
v A

ANAAEANIUUATINaYeIlHnI9INIIITEAY

AuANURLYINa 1 Z 3 4
lugdaveanstangu (1suw/ns.a.) 12,530 59,500 | 22,854.75 | 16,319.66
(12,038)*

lugaavesnisuanin (@ww/msas.) | 132 (109)* - - -

ANPNUATEYT (RIAU/P5.930.) 438 (381)* - - -
mséﬁumuwmé’mum?:au 67 (54)% 68.50 34 56.80

(TUI9U/A5.33.)

NTATUIULTIRA (TRu/aT..) - 84 - 91.80
NNSANUNITULTIAS laifide 274 (250) 359 - -

wndey (wesay)  ie - 96 61.84 61.80
NTAIUNIULTILDUY laidive 14 (9)* 9.40 35.16 9.30
aunidey (@afu/mray)  ife - 9.80 34.68 10.60

* flan1nan (mm%u 38-60%)

e, 910 1. 3Fina AAA3 (2540); 2. gu1A Wewnas (2547); 3. WainT UssasAnsana

el 9

(2554); 4. \enANwal MU (2554)
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v = 1% Ad o -~ a ¢ =
Aaftunne1atavganan ninaexluanuInintnNIsaaes vie e1ainangunsalilyly

ASNAADY
2.2 dileinuaulassadramnsaandnenssy

nnsinenuinfinuifeunuieiidne i funisilulduselonilua
Tassasamedandnenssy Sunddefildinuivannaiednuas sinsdnuilasead el
Tivsddutanlassains vamuide Eildlussunewhuldidulassaie la seidouns
Idpvesnuitodrulngldfnviquand@idanaveslifl Tundazauidodnunlsflund
awddeyluituidy o wagthauautAidenailsannsmaasulldlunsfnwduniig
wisssvedassaseldinnely

TussUsemedauidefidiutmnuddgrediii warfnmduenuudusaes

Tassaseldll Wnedondnuldlinduaneiugddyvestssme wu aidelassadaldlily

o

o v

Useinegeans ladnwauandhgenavesldilinddsy 2 anewug laun Phyllostachy
Bambusoides (PB) way Phyllostachy Pubescens (PP) Imaﬁwamﬂmimaammamﬁ’a
Fanavasliilni 2 aneug Awsnan 2.3

ANS19% 2.3

@Mﬂﬂﬁﬁt%ﬁﬂﬁ%d Phyllostachy Bambusoides (PB) #ag Phyllostachy Pubescens (PP)

o Ta gl NSAUMULTIEN | MIAUNIUNT | TdaveInis
@adu/msaw) | lAueng (0 ganeu

AU/H3. 1Y) (UIFU/A5.13.)

Phyllostachy Bambusoides 41.8 26.1 10,052
(PB)
Phyllostachy Pubescens (PP) 49.5 35.8 10,173

UNELAR. 9710 F.Albermani,G.Y. Goh, S.L. Chan, 2006
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aMi 2.1 nsvaaeuRuauURdanavadlid  Phyllostachy Bambusoides (PB) ua
Phyllostachy Pubescens (PP). 211 Lishtweisht bamboo double layer grid system, 1oy
F.Albermani,G.Y. Goh, S.L. Chan, 2006, Hong Kong.

nn1snadeuamauURlBInaveldling 2 areiug drlugnisfnwissuu
Tassassldlduvdniun 2 9u (Lishtweight bamboo double layer grid system) &931n015
FFunuirsruulaseadraldladdivdniun 2 Fuaruisadnlulelulaseadrsvuinnans

(F.Albermani,G.Y. Goh, S.L. Chan, 2006)
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[\ N - -
A9 2.2 EULLUUIﬂS\‘ia%N double layer grid system. 210 Lightweight bamboo double

layer ¢grid system, TneF.Albermani,G.Y. Goh, S.L. Chan, 2006, Hong Kong.

AMi 2.3 m'i‘wmaaumi%’uﬁmiﬂmaﬂmaa%’wLLUU double layer grid system. 310
Lightweight bamboo double layer grid system, lagF.Albermani,G.Y. Goh, S.L. Chan,
2006, Hong Kong.

liladutanlunulassaaiivinigldnasiesdiu Suihlivaneussnadandldls
Tdlunisneadnenans wu lulssweniul SnuideAnenslaliililunisneasisenis ey
Anwluduanuduyulunisneadiuazanuuluswedas@ing nsdlfnweinissey

! 1Y I 1% 1 14 [~ [y I g v <
NUIN WJEJ?TN&ILL”U\“ILL?\‘ILL@%V’]’J’]@JF’]&JVJUIUﬂ’]iﬂ@ﬁiN ‘lﬁlwL‘lJu'JﬁﬂVl’]ﬂLa@ﬂVﬂ‘Mﬂ’ﬂiJLL“U\‘iLLﬁx‘iLL@S
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AuduulaanIld Fenwideiludrunislunisuansdsusz@nsnmvedldliuasnszeu

Aanuaulalunisihldlaldlalunisneasieenms (K. A. Solomon-Ayeh, 2005)

[

dwsuludsewelng Tlignihanldlunulassadiennung waslinwidenfng

)

AaudRganavedliilnaneiugeing q wu audfinimenmuazilnavedling, 3ina n1afs
(2540), WaRAnssunsTunsInnvesling, wnanwal aeeud (2554) 1Wusu luuiseuidedy
ns3duludnwazvonisinldnlulelusnulasasie wu nsfinwingfnssuuasindasu
thweinauuuaunusesalsll, Wdn Yszasdnsana (2554), mMsfinwanuannsansiy
dminvedassarelilagiznssvdiiofuwuimsluniseenuuvan1nenssy, fngen
wadsun (2556) 1Wusu uazluunsaAdedunsidsludnvazvesmsuussulsiladothluld

Julassadeens lnensuusguilubivsedu §sanmsfnwimuiniidsedudinuaudd

WFANAGIANSIN 2.4
A9 2.4

AFNUATINAYOIlEUTEAY

AENURLTING nn./AT.2Y.
mjreussdndign P.L. 310 - 596
AUVUUTEUIUNTT  lugdaveInsEavey 81,287 - 153,638
Tugdaveanisuaniig 601 - 1,379
yireussdndign P.L. 210 - 566
FrufsannsEuunm Lugdavensenngu 55,801 — 157,674
Tugdaveanisuaniig 359 - 1,203
WhsLsaEusmnsEuun 224 — 286
MU TATOUVUIUTTUIUAT 50 - 99
mhsjLLsaLaaummu%ummaﬁam P.L. 16 - 53
wieLsIdeuUsEdBLTUINT 35 -102
‘vm'wLLiaﬁwmuL??swumLLcJulﬂUNﬁa;m P.L. 200 - 461
vm'aajLLsaﬁwszﬁmmuLgauqqqm 680 -1,743

U, 90 BNTNaY Buna, 2540
ileiuszAvanunsathunlndulassasisenans Tagvhunldduaiusuiinniinues

21A15kAANANEINUIN NsSudmtnuesauliliuseiu Thanazllidssliusyansainlunis
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19, 2556.
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= o

WunneuenyinliaaUsenssuliniiudu (Vegesack, Alexander von and Kries Mateo,

U

2000)

il 2.6 Tassaddliflsivestuiudiosasinseadelsili Meeting house in Maipua. a7n 15
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NISNAFBUNIAINIUNIULIIDA (Compression)
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NISNAFDUMAIAIUNIULSURBY (Shear)
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We  MC = USuaumnuau (%)
m = WnunanInan (nSu)
my = UNTNEN NI (N3)

ami 3.2 fegldaslunismageunnudu. amaelagdidew, drienimileTui 11 duiay
2557

3.4.2 MINAFIUANUNUILLN (Mass by Volume)
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% = U3uas (au.a.)
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3.4.3  MSAEDUNISHARAA (shrinkage)
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3.4.4  NSNASERUNAIRIUNIULSIDN (Compression)
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3.4.5 MSNAEDUANIAIAIUNIULIIAA (Bending)
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3.4.6 NISNAFDUNAIRIUNIULTIRBY (Shear)
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T(tXxL)= HATINYOIARNTENI AU kA AIY
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3.4.7 MSNAFIUANAIATUNIULIIAY (Tension)
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AdsmaunIuwssn (au/ns.unwie MPa)
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ANYULNINYN NV LR

EVGIER AuvuLelsl (us) Wuruaudnane () |y L,
WUNUUIAA (M5.303.)
t1 t2 t3 t4 D1 Dz
El 11 13 12 12 101 108 3,485.40
E2 11 13 11 14 107 107 3,644.56
E3 13 11 10 10 100 98 3,039.52
- E4 10 10 9 9 101 95 2,639.96
a§ E5 12 12 10 12 100 98 3,159.63
%
s E6 12 11 13 13 97 100 3,317.61
= E7 16 15 15 15 110 108 4,489.22
E8 14 13 14 13 108 108 4,005.86
E9 11 14 13 13 97 99 3,412.98
E10 15 13 13 15 108 110 4,176.20
NE1 19 16 2 17 104 103 3,815.10
NEZ2 17 15 5 15 117 113 4,842.67
© NE3 13 16 17 17 109 1Lk 4,760.04
V% NE4 17 18 17 18 108 107 4,945.50
v§ NE5 115 15 15 17 1hils) 112 4,720.99
ag NE6 15 17 15 15 117 113 4,842.67
%
& NE7 18 19 17 17 110 110 5,141.55
= NE8 18 19 17 17 115 110 5,280.89
NE9 20 20 20 20 100 112 5,400.80
NE10 20 18 18 18 107 105 5,082.88
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ANYULNIINIENNVDI LR

EVGIER AuvuLelsl (us) Wuruaudnans () |y L,
WUNUUIAA (M5.303.)
t1 t2 t3 t4 D1 Dz
N1 11 13 11.5 12.5 121 118 4,050.60
N2 15 13 15 15 117 118 4,689.59
N3 13 13 13 14 117 121 4,399.73
N4 11 181 12 12 115 122 3,863.77
ﬂg N5 13 12 12 13 116 112 3,983.88
% N6 13 14 14 14 119 121 4,587.34
N7 15 14 14.5 16 115 121 4,816.71
N8 13.5 14 13 15 118 119 4,558.25
N9 13.5 15 14 14 112 113 4,363.18
N10 14 13 14 13 105 103 3,836.30
W1 14 15 15 17 138 137 5,853.94
W2 14 14.5 1315 12 135 136 5,171.58
W3 155 16 17 16 145 138 6,348.05
- Wa 13 14.5 ik5) 13 129 128 4,834.96
2 | ws | 135] 14 | 14 | 14 138 140 5,451.38
jé W6 14.5 15 14 15 140 136.5 5,677.17
- W7 11 13.5 13 13 133 134 4,791.79
W8 14 14 14 14 122 128 4,879.56
W9 12.5 13 12,5 12 130.5 130 4,621.69
W10 16 18 16.5 16 151 146 6,884.20
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AImUTU (Moisture Content) ¥a9l6inda1nn1ANE I UDaNKAZN 1PN TUDENIALNUYTD

AMUTU (Moisture Content)

sﬁalsim ¥ o P Y o a &
Wmnaninaa (nSu) YnnanInLmte (nsu) JSuuauTU (%)

E1 5.8 5.0 16.00

E2 4.9 3.8 28.95

E3 3.4 2.8 21.43

< E4 3.7 3.1 19.35
)

= E5 35 3.0 16.67
i
99

= E6 3.5 2.8 25.00

= E7 6.7 5.7 17.54

E8 5.3 4.2 26.19

E9 3.6 3.1 16.13

E10 5.8 5.0 16.00

ALRAY 20.33

S.D. 4.82

NE1 6.7 5.9 13.56

NE2 37 3.5 5.71

ﬂg NE3 6.7 5.9 13.56

= NE4 5.4 4.9 10.20
o)

e NE5 58 5.1 13.73
@

Q NE6 6.7 6.0 11.67
i

2 NE7 55 5.0 10.00
[cw

c NE8 5.9 5.1 15.69

NE9 6.7 6.0 11.67

NE10 6.7 6.0 11.67

ALRde 12.42

S.D. 3.85
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AIAUTY (Moisture Content) Ya4laingaInninneTivilanasnIansuan

AMUTU (Moisture Content)

GINEN - - v
dwlnaninan (n3) dinaninusis (n$) USUIUANUTU (%)
N1 6.9 6.1 13.11
N2 6.5 5.7 14.04
N3 4.2 3.9 7.69
NG 55 5.0 10.00
ﬂ% N5 6.3 5.6 12.50
% N6 6.3 5.6 12.50
N7 8.4 @2 16.67
N8 8.8 7.6 15.79
N9 8.0 72 11.11
N10 7.6 6.8 11.76
Aade 12.52
S.D. 2.64
W1 10.2 83 22.89
W2 12.0 9.7 23.71
w3 10.4 8.6 20.93
c wa 11.4 9.1 25.27
§ W5 114 9.3 25.81
% W6 11.2 9.0 24.44
s w7 13.1 9.5 37.89
w8 11.9 9.0 32.22
W9 11.6 9.0 28.89
W10 14.5 117 23.93
Aady 16.84
S.D. 2.39




100
9]']5']\‘1‘17{ n.5

AInNUBILLUelsl (Mass by Volume) Yealainainninngiuoonuasnin

gIupandgayile
AUNUILUY (Mass by Volume)
sWealsing Y U3uns Y
Auvulele (uw) umdnaniwuis (nsu) ANURLILUY (kg/m3)
(pu.aw.)
E1l 11 6,875 5.4 785.45
E2 11 6,875 4.8 698.18
E3 10 6,250 2, 512.00
- Ed 7 4,375 2.8 640.00
;§ E5 11 6,875 4.7 683.64
S
s E6 12 7,500 3.7 493.33
& =7 14 8,750 6.2 708.57
E8 3 8,125 5 676.92
E9 10 6,250 4.6 736.00
E10 13 8,125 6.0 738.46
Anade 667.26
S.D. 95.39
NE1 20 12,500 5.9 472.00
NE2 16 10,000 5.5 350.00
° NE3 14 8,750 5.9 674.29
V% NE4 15 9,375 4.9 522.67
"% NE5 16 10,000 5.1 510.00
;g NE6 15 9,375 6.0 640.00
S
s NE7 13 8,125 5.0 615.38
& NE8 i3 9,375 il 544.00
NE9 17 10,625 6.0 564.71
NE10 17 10,625 6.0 564.71
Aade 545.77
S.D. 92.22
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mAudelsdl (Mass by Volume) voslainaninmiane duvideuazninng iunn

AUAUILLL (Mass by Volume)

sWealsing v U3uns Yhainan s
Aol () . AL (kg/m3)
(GLEL) (n3w)
N1 11 6,875 6.1 887.27
N2 15 9,375 5.7 608.00
N3 15 9,375 3.9 416.00
N4 10.5 6,563 5 761.90
v§ N5 12 7,500 56 746.67
g N6 12 7,500 5.6 746.67
N7 15 9,375 7.2 768.00
N8 14 8,750 7.6 868.57
N9 14 8,750 7.2 822.86
N10 14 8,750 6.8 777.14
Aade 74031
S.D. 137.52
W1 15 9,375 8.3 885.33
W2 14 8,750 9.7 1,108.57
W3 12 7,500 8.6 1,146.67
c W4 13 8,125 9.1 1,120.00
a% W5 14 8,750 9.3 1,062.86
§ W6 14 8,750 9.0 1,028.57
= W7 13 8,125 9.5 1,169.23
W8 12.5 7,813 9.0 1,152.00
W9 13 8,125 9.0 1,107.69
W10 17 10,625 11.7 1,101.18
Aade 1,088.21
S.D. 82.58
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n1599e7a (shrinkage) vaslansinninnziuseniazninng iusenideusile
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ANSVART

sailel pmvunielsTaAsuuadly @, . AMUEIETI (13,
kel () ASUARD ANUAIY (ai31)

t1 t2 t3 t4 NU(%) L

E1 0 0 0 0 0 0

E2 0 0 0 0 0 0

E3 0 0 0 0 0 0

c E4 0 0 0 0 0 0
S

= E5 0 05 0 0 0.96 0
i

§ E6 0 0 05 0 0.89 0

= E7 0 0 0 0 0 0

E8 0 0 0 0 0 0

E9 0 0 0 0 0 0

E10 0 0 0 0 0 0

ARy 0.19 0

NE1 0 0 0 0 0 0

NE2 0 0 0 0 0 0

ﬂg NE3 0 0 0 0 0 0

= NE4 0 0 0 0 0 0
e

c NE5 0 0 0 0 0 0

S NE6 0 0 0 0 0 0
i

2 NE7 0 0.5 0 0 0.83 0
@«

= NE8 0 0 0 0 0 0

NE9 0 0 0 0 0 0

NE10 0 0 0 0 0 0

ALRaeY 0.083 0
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n159A87a (shrinkage) voulunsanniany iumiouasnines iusn
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ANSHAR

AL e lIMUdsuwUaaly (v

AU (13

i lnng ASNAFA ANUAINY

t1 t2 t3 t4 U (%) L

N1 0 0 0 0 0 0

N2 0.5 0 0 0 0.86 0

N3 0 0 0 0.5 0.81 0

c NG 0 0 0 0 0 0
S

< N5 0 0 0 0 0 0
i

= N6 0 0 0 0 0 0
<

= N7 0 0 0 0 0 0

N8 0 0 0 0 0 0

N9 0 0 0 0 0 0

N10 0 0 0 0 0 0

ALRAY 0.17 0

w1 0 0 0 0 4 0

W2 0 0 05 0 0.89 0

*’% w3 0 0 0 0 0 0

= Wa 0 0 0 0 0 0
o)
(e

< W5 0.5 0 0 0 0.83 0
@

® W6 0.5 0 0 0 0.89 0
=

2 w7 0 05 0 0 0.89 0
@«

S | ws 0 0 0 0 g 0

w9 0 0 0 0 0 0

W10 0 0 0 0 0 0

ARy 0.35 0




A15199 N.9

NITAIUNIUUSIONYUIUFEY U (Compression) YealamenInninpsiueeniaznin

104

giuganideaile
MsEumuLsISRvIIWAELY (Compression)
sWealsing ANRUN Lmjmu Hufntdn uwquw ANAIFUNIULTION P
y AULNAY ALY AU (%)
ieldl ) | 7 (95.3.) o (TFu/ns.u3., MPa)
(313.) ()

El 12.0 104.5 3,485.40 133,564 38.32 30.19

E2 12.3 107.0 3,644.56 128,125 35.16 35.56

E3 11.0 99.0 3,039.52 92,532 30.44 28.13

- Eq 9.5 98.0 2,639.96 131,624 49.86 12.82

;g E5 M5 99.0 3,159.63 153,507 48.58 32.08
S

s E6 12.3 98.0 3,317.61 119,452 36.01 20.51

& E7 15.3 109.0 4,489.22 225,116 50.15 33.33

E8 135 108.0 4,005.86 169,805 42.39 31.82

E9 12.8 98.0 3,412.98 132,594 38.85 45.76

E10 14.0 109.0 4,176.20 189,865 45.46 17.24

Aade 41.52 28.74

S.D. 6.84

NE1 18.5 106.0 5,082.88 267,168 52.56 12.05

NE2 15.5 115.0 4,842.67 177,899 36.74 14.89

° NE3 15.8 112.0 4,760.04 267,305 56.16 11.21

Vg NE4 17.5 107.0 4,945.50 255,310 51.62 12.36

a§ NE5 15.5 112.5 4,720.99 284,396 60.24 10.59

a§ NE6 15.5 115.0 4,842.67 236,356 48.81 10.23
S

= NE7 17.8 110.0 5,141.55 279,241 54.31 10.98

& NE8 17.8 112.5 5,280.89 239,453 45.34 11.34

NE9 20.0 106.0 5,400.80 275,027 50.92 10.84

NE10 18.0 103.5 4,832.46 268,990 55.66 8.24

Anade 51.24 11.27

S.D. 6.56
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A1IAIUYIULTIOAYUIUAYY (Compression) Ya9lkinaInn AR Tulylouas ARz Tinn

ATRTUNIULSIBAVUIULEEU (Compression)

sWerlring muvuLile Lmjmu Nufintidn mwu?w AAIAUNIULTION ATy
14T ) s (CERU ﬂjg:m (Ww/msu., MPa) (%)
(u3.) ()

N1 12.0 119.5 4,050.60 143,874 35.52 12.50

N2 14.5 117.5 4,689.59 153,507 32.73 13.33

N3 13.3 119.0 4,399.73 144,834 32.92 13.21

N4 11.5 118.5 3,863.77 154,654 40.03 11.86

V% N5 12.5 114.0 3,983.88 153,331 38.49 16.90
g N6 13.8 120.0 4,587.34 193,129 42.10 15.28
N7 14.9 118.0 4,816.71 214,865 44.61 15.38

N8 13.9 118.5 4,558.25 190,620 41.82 14.49

N9 14.1 112.5 4,363.18 163,405 37.45 14.29

N10 13.5 104.0 3,836.30 194,765 50.77 13.64
Aade 39.64 14.09

S.D. 5.53

W1 15.3 113745 5,853.94 196,715 33.60 24.72

W2 13.5 135.5 5,171.58 193,256 37.37 30.00

W3 16.1 141.5 6,348.05 262,513 41.35 21.43

c w4 13.4 128.5 4,834.96 181,212 37.48 24.00
;% W5 139 139.0 5,451.38 235,876 43.27 25.00
é W6 14.6 138.3 5,677.17 196,108 34.54 29.79
= W7 12.6 133.5 4,791.79 214,610 44.79 29.41
W8 14.0 125.0 4,879.56 159,603 32.71 29.17

W9 12.5 130.3 4,621.69 204,830 44.32 27.63

W10 16.6 148.5 6,384.20 285,141 41.42 21.95
Aade 39.09 26.31

S.D. 4.53
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AN519% N.11

N7597IUNIUUTURDY (Shear) Ya3leindaInnIAneIuankasN AN TUpENAEuYTD

AITAUVIULIURDU (Shear)
sielim el i) AU mw:,;?‘w MawnunusIdou Ay
alolola el (1) ;ZW;:) @wiu/ms.am, MPa) (%)
El 10 9 10 10 96 30,958 8.27 21.95
E2 7 10 8 10 99 15,543 4.49 14.29
;% E3 12 12 12 11 99 23,785 5.11 26.47
. e | 1313|131 99 32,987 6.6 40.91
- E5 12 14 13 12 107 30,106 5.52 16.44
ag Aade 6.02 24.01
S
& S.D. 1.51
& E6 13 14 13 13 107 50,842 8.97 37.50
E7 12 11 10 11 106 55,831 11.97 40.43
;% E8 16 12 13 13 99 39,504 7.39 39.58
E9 15 14 15 15 110 49,960 7.70 36.26
E10 15 15 15 15 111 51,960 7.80 18.81
Anade 8.79 34,52
S.D. 1.91
NE1 15 14 15 14 116 36,828 5.47 10.81
NE2 16 17 18 16 110 46,383 6.29 10.71
;% NE3 14 15 14 17 115 47,991 6.96 12.05
° NE4 19 19 20 17 113 77,195 9.11 10.42
Vg NE5 16 17 18 18 105 61,074 8.43 8.79
E fiade 7.26 1056
ag S.D. 1.49
S
s NE6 18 17 17 18 112 66,062 8.43 11.83
& NE7 15 15 15 16 118 56,683 7.87 10.13
;% NE8 17 16 16 18 110 72,657 9.86 12.15
NES 15 17 16 15 110 85,260 12.30 13.45
NE10 18 20 18 19 114 55,889 6.54 11.11
Anade 9.01 11.73
S.D. 2.22
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N75971UNIUUTUADY (Shear) YadlaneaInnIaneIvilauasNInneIumn
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ATSAUNIULTILEBY (Shear)

serlnna el () AU mw:,;?‘w MawnunusIdou ATy
alal 6w T (at.) ?;;:) (Tefu/ms.au., MPa) (%)
N1 12 11 12 11 118 38,632 7.15 11.32
N2 12 14 13 15 112 46,775 7.66 13.33
;% N3 13 13 12 13 114 41,229 7.02 11.29
=
N4 15 16 15 14 121 47,471 6.48 13.92
N5 15 14 i3 15 106 30,997 5.09 13.16
vg Aade 6.68 12.61
g S.D. 0.98
N6 14 14 14 15 118 61,426 9.05 13.33
N7 15 14 14 14 118 91,963 13.55 12.07
;% N8 13 13 13 13 114 33,967 5873 14.55
N9 13 14 13 14 119 50,137 773 18.06
N10 14 16 15 15 115 30,997 4.49 13.95
Aade 8.11 14.39
S.D. 1.93
W1 16 15 15 16 143 45,472 5515 27.47
W2 14 12 12 11 132 62,161 9.65 30.26
2% W3 12 12 12 12 121 41,297 - 141! 24.10
wa 14 17 15 115 136 38,514 4.66 25.97
c W5 15 15 16 16 145 34,016 .05 23.71
2 Aade 6.06 2630
S
€ S.D. 2.35
- Wé 16 16 16 14 136 64,886 7.70 22.92
W7 15 15 13 12 136 79,929 10.73 24.81
;% w8 15 15 15 16 129 76,940 9.82 26.26
W9 14 15 15 14 139 84,417 10.47 25.58
W10 15 15 15 16 138 109,701 13.08 27.17
Aade 10.36 2535
S.D. 1.93
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AN5197 N.13

N7597IUNIUUTIAG (Tension) VavlanaaInNIAns TURENLAZNIARY TUaRNLEENTD

ANTRIUNIULSIRS (Tension)

salaing mnumuiiolst Hufnthdn Yhaminiinszsi MAIRUNIULTIF ATy

(131 (9.3, (f16) (Hdu/a3.43., MPa) (%)

El 13 130 10,349 79.61 12.90

E2 12 120 22,197 184.98 14.58

E3 10 100 15,719 157.19 12.50

- Eq 11 110 19,874 180.68 11.11
a§ E5 11.5 115 22,452 195.23 17.95

S

s E6 11 110 13,534 123.03 13.95
& E7 14 140 15,700 112.14 14.58
E8 14 140 13,955 99.68 10.00

E9 11 110 26,636 242.15 9.68

E10 13 130 10,888 83.75 11.94

Anade 145.84 12.92

S.D. 54.38

NE1 24 240 20,923 87.18 12.50

NE2 18 180 14,533 80.74 11.43

© NE3 115 150 115,121; 100.81 13.95
V% NE4 18 180 18,963 105.35 12.07
ﬂ% NE5 19 190 15,278 80.41 11.29
;g NE6 20 200 15,935 79.68 12.50

S

s NE7 18 180 22,256 123.64 12.50
& NE8 147 170 17,238 101.40 13.64
NE9 20 200 24,784 123.92 11.63

NE10 16 160 15,102 94.39 13.64

Anade 97.75 12.51

S.D. 16.58
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AN5197 N.14

N7597IUNIUUTIAN (Tension) YadlenaaInnIaneIlilouasnNInneIumn

NNIAUNIULSIRG (Tension)
salaimg v Nufindgn | dwedniinszei AAIAUIUL TR ATy
ALl (uu) . .

(M3.130.) (He) (WIU/m3.43., MPa) (%)
N1 13 130 31,615 243.19 20.41
N2 15 145 19,090 131.66 14.29
N3 15 150 5,272 35.15 13.46
N4 11 110 11,878 107.98 13.79
vg N5 15 150 21,227 141.51 13.95
g N6 15 150 21,099 140.66 15.15
N7 14 140 18,934 135.24 19.67
N8 15 150 21,168 141.12 17.14
N9 14 140 16,670 119.07 19.44
N10 15 145 34,163 235.61 16.18
Anade 155.12 16.67

S.D. 88.66
W1 15 150 25,127 167.51 20.80
W2 14 140 18,708 133.63 18.75
W3 1:5 145 22,530 155.38 16.44
c W4 14 135 23,197 171.83 22.22
a% W5 13 130 20,903 160.80 21.18
§ W6 15 145 25,147 173.43 20.43
= W7 14 140 21,031 150.22 20.00
W8 13 130 17,140 131.85 21.13
W9 1% 130 23,010 177.00 23.21
W10 13 130 33,947 261.13 16.67
Anade 168.28 20.08

S.D. 36.23

wueme:  wan1snaaeu N3 Lddunaalunismanadenisfiuniuesins wewinduldnneaeull

ToRana1ndsvinlaranisnageutidynn




MN519% .15

AISIUNIULTIAR (Bending) veulkneninmianyiueenuazninng iusenidaile

ASAUMULTIR (Bending)

saleing Y TuuAduueside Wnnfinsevi AU IR AT Tugdavasnistinneu
Aol () Wurugugnang () o e Al () - - Anslaed (uu.) . :
(Hadmnsunnaed) (Wei) (Wnu/as.uu., MPa) (%) (Wnu/as.uu., MPa)

E1 9.0 100 2,688,027.62 3000 12,809 119.13 16.00 72.00 31,712.87

E2 10.0 100 2,896,650.00 3000 11,848 102.26 28.95 141.00 13,900.05

E3 9.0 90 1,900,492.07 2700 12,505 133.24 21.43 90.00 25,538.14

- E4 8.0 95 2,085,182.94 2850 9,085 98.30 19.35 83.00 21,565.53

3% E5 10.0 90 2,041,000.00 2700 14,377 142.64 16.67 90.00 27,339.90
S

= E6 9.0 90 1,900,492.07 2700 13,191 140.55 25.00 82.00 29,567.32

s E7 12.0 100 3,269,418.24 3000 16,141 123.42 17.54 129.00 18,338.21

E8 11.0 105 3,635,153.67 3150 15,425 116.96 26.19 105.00 22,416.49

E9 9.0 95 2,271,475.22 2850 13,642 135.51 16.13 104.00 23,724.34

E10 12.0 100 3,269,418.24 3000 14,435 110.38 16.00 163.00 12,979.12

ﬁ?ha;ﬂ 122.24 20.33 22,707.81

S.D. 15.64

NE1 11.0 110 4,240,985.27 3300 15,063 107.44 14.58 136.00 16,655.99

NE2 12.0 120 6,006,493.44 3600 11,927 71.48 16.67 60.00 27,402.44

NE3 11.0 115 4,910,931.74 3450 15,758 106.09 15.38 74.00 31,599.89

ﬂ% NE4 14.0 100 3,587,751.44 3000 20,306 141.50 12.00 149.00 18,201.30

a% NE5 11.0 110 4,240,985.27 3300 21,668 154.55 12.24 107.00 30,453.20

§ NE6 14.0 110 4,965,018.24 3300 19,345 117.86 12.50 83.00 29,938.80

;:% NE7 14.5 105 4,326,745.78 3150 23,020 146.64 14.04 153.00 19,288.88

& NE8 11.0 105 3,635,153.67 3150 16,856 127.81 17.95 85.00 30,259.89

NE9 11.0 100 3,090,198.82 3000 20,247 163.80 14.89 125.00 25,116.02

NE10 15.0 100 3,728,259.38 3000 19,394 130.05 19.61 129.00 19,322.27

r«w‘mﬁa 126.72 14.99 24,823.79

S.D. 27.29

017



AN .16

nITATUNIULTIAR (Bending) Yeulkimsainnipviouasninngiunn

AIAUMULTIR (Bending)

swleima Y Tuwduiueside Wnnfinsevi MawumuLsIia AT Tugdavasnisinneu
Arumuiloll () WurugugnaTg () o e Al () - - Anslaeda (uu.) . '
(Hadasenneed) (Wnu) (Théw/ms.uu., MPa) (%) (Wnu/as.uu., MPa)
N1 10.0 150 10,825,150.00 4500 20,139 104.65 13.16 80.00 37,607.49
N2 11.0 110 4,240,985.27 3300 20,619 147.07 12.50 105.00 29,531.15
N3 15.0 115 6,019,968.75 3450 18,012 98.93 12.24 105.00 20,766.73
N4 10.0 100 2,896,650.00 3000 10,359 89.40 14.00 100.00 17,135.30
V% N5 16.0 110 5,367,189.44 3300 15,700 88.48 12.50 80.00 23,319.34
g N6 12.0 110 4,499,481.84 3300 18,248 122.68 12.50 95.00 27,226.03
N7 17.0 120 7,489,841.22 3600 32,242 154.97 13.70 75.00 47,524.60
N8 10.0 115 4,584,890.63 3450 22,844 164.73 12.28 85.00 42,716.98
N9 14.0 110 4,965,018.24 3300 24,392 148.61 12.50 100.00 31,332.48
N10 12.0 100 3,269,418.24 3000 23,873 182.55 10.53 90.00 38,875.59
ﬁ?ha;ﬂ 130.21 12.59 31,603.57
S.D. 33.77
w1 9.5 125 5,784,121.83 3750 23,471 158.51 30.00 60.00 63,293.56
W2 11.0 130 7,337,841.67 3900 26,489 152.52 32.39 60.00 63,338.71
W3 10.0 115 4,584,890.63 3450 24,931 179.78 32.86 75.00 52,836.38
wa 17.0 140 12,653,822.42 4200 32,889 127.36 26.80 60.00 56,956.82
E W5 15.0 130 9,106,490.63 3900 35,094 162.82 25.61 60.00 67,615.27
g W6 11.0 130 7,337,841.67 3900 27,224 156.75 36.00 70.00 55,796.71
© w7 11.0 125 6,456,121.82 3750 28,851 174.56 2297 75.00 55,763.18
W8 10.0 135 7,715,078.13 4050 29,037 171.48 22.58 70.00 63,388.03
W9 16.0 150 15,325,762.24 4500 41,523 152.40 2261 70.00 62,592.86
W10 15.0 130 9,106,490.63 3900 35,682 165.55 28.05 70.00 58,927.00
ﬂ‘ma?ia 129.80 27.99 31,868.68
S.D. 18.99
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AN N.17

MUTIUTIEUANRAEAN YA INNIENTIN AGUTAN NN MkazAMaLUATINaveslknanIn 4 pilnianulkne1uiTesu

» inaineaoulunuide TrindluamiAdedy
Mfgma @ @ a - - @ aa a v oa @ «
NARZIUDDN NARZIUDBNLALIUNUD AU NARLIUAN 3ANa (2540) due (2547) WYIN1 (2554) wwnanwal (2554)
Anadsauruield () 12.25 16.82 13.39 14.25 12.20 11.10 - 12.70
g
3
g Aadeidurugudnans (uw.) 103.00 111.00 116.15 135.75 113.20 92.50 - 85.30
5
e
@ Aadeiunninge (n7.uu.) 3,527.60 4,898.48 4,314.93 5,451.43 2 - - -
£ Fhl,a?iamwﬁu (%) 20.33 12.42 1252 16.84 11.00 11.00 19.98 11.73
S A " & v
2 Anedsauruiuilelsl (hn/ava.) 667.30 545.80 740.31 1,088.21 767.00 797.95
<
< AaduNINae (%)
g@
é [2ig\13gle) - - - - 0.21 0.10 - -
a
[ AUNAU 0.19 0.083 0.17 0.36 - 4.20 - -
AeAgMsFuvULSIShTETY
- 41.52 51.24 39.64 39.09 67.00 68.50 34.00 56.80
(WIAW/m19.14., MPa)
ARSI
- 145.84 97.75 155.12 168.28 - 96.00 61.84 61.80
(WINU/e19.43., MPa)
© AdgnsiuuLs By
<
;§ (Tdu/ms.u1., MPa)
= N
2 U9 8.79 9.01 8.11 10.36 - 9.80 34.68 10.60
= e
& laifide 6.02 7.26 6.68 6.06 14.00 9.40 35.16 9.30
AR EIUIUUT R
. 122.24 126.72 130.21 129.8 - 84.00 - 91.80
(WIRU/e9.13., MPa)
AnodeTugdavesnisdameu
22,707.81 24,823.79 31,603.57 31,868.38 12,530.00 59,500.00 22,854.75 16,319.66

(Tfu/ms.u4., MPa)

49!
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AANUIN UV

gunsaluaznsasiianldlunimagau

29 2.1 1A589T9MN

291 9.2 \w3e9deTn Vernier Caliper
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NI 9.3 GAUAINTBU

29 9.4 \A39IMAaeY (Testing Machine)
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AMARNUIN A

n1snadauAMaNUAnINIenwLasANENUAGINavadlHn

2 A.1 msawedldlimeszuudmienagyaniea



117

ANSUAR

N

I A.2 SNBSS HNAIEIINNITOULNDUIAN

299 A.3 ANy lHIINAIIINAINAFIUNSIRIUNIULTIER (Compression)
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e 3

29 A.5 SnuazYadlHRINSIRINNISNAADURISIRIUNIULSIAG (Tension)

o



29 A.6 aNuEYBIlHRINEIINAINARDUATRIATUNIULTIRA (Bending)
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