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ABSTRACT

Precast Building System become popular due to several advantages. This
system can reduce construction time and can control quality. Behavior of beam-
column Joints in the precast concrete building can be studied by experiments. The
prepaRation and testing process still take time and high cost. Finite Element method
is the approximate analysis method which can be applied in the analysis to reduce
the problems in experimental works. This paper study behavior of beam-column Joints
by the nonlinear finite Element method. ABAQUS software is utilized in the analysis.
Analytical results were verified to experimental results. Verified Model is used in a
parametric study.

The analytical results by nonlinear finite Element show that load-
displacement relationship are close to experiment, especially in the elastic region, but
the relationship is not significantly different in the inelastic region. The maximum
analytical loading capacity of beam-column Joints is not different that comparison with
experiment. The results from this work may be a useful reference for analyzing the

reinforced concrete beam-column in a different manner by the finite Element method.
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3.3.1 Concrete Material Model Ty ABAQUS

TUsuNTU ABAQUS fisUwuumsiinseninaun3nmieiy 3 Wuude Concrete
Smeared Cracking, Concrete Damaged Plasticity wazlwuu Brittle Cracking @slusuideil
I¥5Uuuy Concrete Damaged Plasticity tiasainanuisaldlalunnlaseaiiuaznng ws

nszyilinazidunsanseyiwuvadiarsawuulauiin
3.3.1.1 Tension Stiffening Relationship
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AWl 3.4 Terms of Tension Stiffening Model (ABAQUS Manual, 2008)

3.3.1.2 Compressive Stress-Strain Relationship

NFINAMUAUNUTTENINANULAUDAN UAIULATYAVDIADUNIALER
F9n1n@l 3.5 A1INTIUAIAINLAUER (0,), Inelastic Strain (™) Falunislddves
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et = g, — &t (3.2)
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€ AB AIMNNATEA o AAlA
el A l a a a
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Oc AR AIANULAY B 9ALA°

E,; @9 @1 Young’s Modulus
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Al 3.5 Terms of Compressive Model (ABAQUS Manual, 2008)

3.3.2 YUAVDILDALUUA

3.3.2.1 Solid Element C3D8
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A 3.6 Solid Element C3D8 (ABAQUS, 2008)

3.3.2.2 3-D Truss Element T3D2

Tunsadrauusiaswesmdniasuiuazadrsuuusians 3 99 Tagld
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AT 3.7 3-D Truss Element T3D2 (ABAQUS, 2008)
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AWl 3.8 Tension Stiffening Model by Nayal and Rasheed’s (2006)
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a7

AWl 3.9 Tension Stiffening Model for ABAQUS by Wahalathantri (2011)

Point Stress (MPa) Strain
1 0 0
2 2.1 8.32E-05
3 1.617 1.04E-04
4 0.945 3.33E-04
5 0.21 7.24E-04

AT NUEASANILAUASAUANULAS IR LU ILAUTDIADUNTA

AN 3.1
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Tensile Stress-Strain Relationship
2.5

1.5

Stress (MPa)

0.5

0 0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008

Strain (mm/mm)

Al 3.10 Tension Stiffening Model for ABAQUS

3.3.3.2 WHANTIUNITSULITIOAVDIADUNTA

nsAEEIRLSsEIeA R UAIASEn e lEus S nTildie
mmaaummgﬂé’awaqmei’waaaﬁ’umamﬁwﬂaaﬁgumua 1A Hsu and Hsu (1994) &4
ABINTAIMINAUBAZIEA (Maximum Compressive Strength) Tun1s11ans nAuduRuS
Sniadsausnsesiunouniniiaauidusn (Maximum Compressive Strength) gafia 62
MPa ﬁm%’maun?mﬁﬁﬁﬁa"qqqLﬁumﬂﬁmsfﬂzéfaqﬁﬂmmmwmm@mm Hsu and Hsu
(1994,p.308) AT 3.11 wARIAUEURUSTEVIIAIUAURUAIIATER T390 Hooke's
Law Hgnuligaedanafinuszunns 50% v9aA1uLAUdAgaan (Ultimate Compressive
Strength) dum4 Inelastic a1u15af wIadldanannsi 3.3 Jauauelag Hsu and Hsu

(1994)
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Strain. g_

Al 3.11 Compressive Stress-Strain Relationship for ABAQUS (Wahalathantri, 2011)

") 1- [ch/(SOEO)

£, = 8.9 X 10 %0, + 2.114 x 1073
E, = 1.2431 X 1020, + 3.28312 x 103

lagfl o, fiB AIANLAL Bl 9AlA
€. Fio AIALLATEN B4 0107

0., D ANULAUDAZIEA

E, Ao A1 Young’s Modulus

(3.3)

(3.4)

(3.5

(3.6)

dmsu g4 aunsarwinila Ingldan 0.85¢. Fvaunistheiusglunile kip/in? (1 MPa =

0.145037743 kip/in?)
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Point Stress (MPa) Strain Point Stress (MPa) Strain
1 0.00E+00 0.00E+00 24 20.62048 3.12E-03
2 10.50000 4.16E-04 25 20.52946 3.22E-03
3 12.60955 6.16E-04 26 20.43296 3.32E-03
a4 13.96889 7.16E-04 27 20.33183 3.42E-03
5 15.15348 8.16E-04 28 20.22684 3.52E-03
6 16.17875 9.16E-04 29 20.11866 3.62E-03
7 17.06048 1.02E-03 30 20.00788 3.72E-03
8 17.81403 1.12E-03 31 19.895 3.82E-03
9 18.45393 1.22E-03 32 19.78048 3.92E-03
10 18.99357 1.32E-03 33 19.66471 4.02E-03
11 19.44512 1.42E-03 34 19.54802 4.12E-03
12 19.81952 1.52E-03 35 19.43073 4.22E-03
13 20.12651 1.62E-03 36 19.31309 4.32E-03
14 20.37472 1.72E-03 37 11949533 4.42E-03
15 20.57174 1.82E-03 38 19.07765 4.52E-03
16 20.72423 1.92E-03 39 18.96023 4.62E-03
17 20.83803 2.02E-03 40 18.84322 4.72E-03
18 20.91824 2.12E-03 41 18.72675 4.82E-03
19 20.96931 2.22E-03 42 18.61093 4.92E-03
20 20.99512 2.32E-03 43 18.49587 5.02E-03
21 20.99907 2.42E-03 a4 18.38164 5.12E-03
22 20.98411 2.52E-03 45 18.26832 5.22E-03
23 20.9528 2.62E-03 46 17.82522 5.62E-03

AN9971 3.2

Compressive Stress iU Strain ANULUILNUVDIADUNTA (Compression Behavior of

Concrete)
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Compression Stress-Strain Relationship
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A
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Al 3.12 Compression Stress-Strain Relationship for ABAQUS
3.3.3.3 fauUsBue fiieadasdmiu Concrete Damaged Plasticity
Dilation | Flow Potential Compression Invariant Stress Viscosity (H)
Angle | Accentricity (€) Plastic Strain Ratio (K)
(W) Ratio (fho/fco)
31° 0.1 1.16 0.6667 0

AN5199 3.3

AkUsaue MABITa9d1m5U Concrete Damaged Plasticity

g 970 (Chiruta George,2015)
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1. Dilation Angle (W) Ao gusunidlussuny p-q uanafanmi 3.13 TagAnveamsuniig
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ANl 3.13 Hyperbolic Plastic Flow Rule (Rasoul Nilforoush Hamedani, 2012)

2. Flow Potential Eccentricity (€) Aadngainnisivaniuuilduduidunsslussuiy

a a v = & & ¢ v a a aa 1 v Y
ﬂ’J'nJLﬂifJ@ILGUQLaUGUQLUUﬂ’J']NLﬂ@ﬂﬂuaﬂaqﬂﬂ@\uauuiail@EJ'U'V]QJLLU']I‘U@JLsﬂ'ﬂ,ﬂaEﬂUU AN

wnsgululusunsu ABAQUS winiu 0.1

3. Compression Plastic Strain Ratio (fiyg/feo) FofuUsTdusnsdiusening Initial
Equibiaxial Compressive Yield Stress iU Initial Uniaxial Compressive Yield Stress Fagn

wnsgululusingy ABAQUS wirfiu 1.16

4. Invariant Stress Ratio (K.) Ao &0 31d7u Stress Invariant 816 UN@939U99 Tensile
Meridian fiu Compressive meridian wansfen1ni 3.14 dmivluasuninazilAregsening

0.5 fv 1 FaAnansgilulusunsu ABAQUS wiifu 2/3
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~. ‘TensiLe

Meridian

Compressive meridian

A9 3.14 Yield Surfaces in the Deviatoric Plane (ABAQUS Manual, 2008)

5. Viscosity (W) Ao fanUsineiiuaiuilen genisazdaites e wWilna 0 wsewindu 0
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a0 Diameter | FuAun | MaaAsIn | 189 lgaa | dnsrduil
(mm) wde (fy) | Y | Bevdu | wes (V)
MPa wde (fy) MPa
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600
500
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é 400
$ 300
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200
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ATl 3.15 Stress-Strain Relationship for Reinforcement
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3.3.5 aauanURvaeiuan PL-12(SM490YA)

T80 AUV | Fuaunn | Maeen | leda | dnsiduii
(mm) wde (fy) | Bavgu | w3 (V)
MPa MPa
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M13799 3.5
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400
350
300
200
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100
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0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

Strain (mm/mm)

AT 3.16 Stress-Strain Relationship for PL-12
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a a o U [3 N A ! A ) 1 @ v
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4> Edit Boundary Condition
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CSYS: (Global) [ A

Bu

Note: The displacement boundary condition
will be reapplied in subsequent steps.

OK Cancel |
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d' 1 a (3 < a
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du5a3U Fu lnenisasediudsenaunnes Ao diufilurouninauiasian wiumanisu

@ a 1 1 [ ] o 1 al
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AT 3.31 MSUUNBAIIUATDITRERBATU-EN PJ-2
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4.1 WHANTIUVDITDEFDANU-LET CJ-1

4.1.1 wamsnagaulurissufjifAnisvassessanIu-tan CJ-1
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HAYBININAFDUNNAUMAIBITaERoRU-la1 (-1 lunuideves nIANA
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CJ-1
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AN 4.1 nemaudiussEnhaninussnniusEeEnIsRauNNIUaNe A UTRITOLE

Au-Ltan CJ-1

Ref. code: 25605810031079BUO



68

4.1.2 HAN15IATITNTBERBATU-LET CJ-1 Arenuuanaaslwludediuug

NAYDINITILATIEITBUABATU-LE CJ-1 MelUThNTY ABAQUS ALLANIAIY
nsdesuuazauruinfuluiuuaes C-1 waswananuduiusssninadmiinussyn
fuszezn1seasuNNUa18AIUsNIUIINISIUS I UL UNAYILUUINEBINUNANISNAEDU NS

a ! o = = = a A
Lﬁﬁzﬂﬂ@ﬂﬁ@ﬂm@ﬂqu-lﬁ'} CJ-1 B@RAIPNNTINN 4.2 "'UQ"UZLL?{@Qﬂ'ﬁLaEJE‘USUENﬂa‘Uﬂim ‘V]‘Ua']f]q@
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AounIntuiANTsIAGeuAidITusAunaNnAsimsEamilulsyninsreunindumaniaiy g
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auysal SWTUANUAUAINATUUUABUATALAAINININT 4.4 LATANNAUNINATUUNEN

LESULARIAINING 4.5

U, Magnitude
+4.735e+01
+4.340e+01
+3.946e+01
+3.551e+01
+3.156e+01
+2.762e+01
+2.367e+01
+1.973e+01
+1.578e+01
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A9 4.2 nsideguvesrounInlukuudtaes CJ-1
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U, Magnitude
+4.5532401
+4.173e+01
+3.794e401
+3.4152401
+3.035e+01
+2.656e401
+2.2762401
+1.897e+01
+1.518e401
+1,138401
+7.588e+00
+3.794e400
+4.748e-04

Al 4.3 nsideuveavaniasulunuudiaes CJ-1

S, Mises

(Avg: 75%)
+3.892e+01
+2.100e+01
+1:925e+01
+1.750e+01
+1.575e+01
+1.400e+01
+1.225e+01
+1.050e+01
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+5.250e+00
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+1.751e+00
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AN 4.4 ANULAUYBIADUNSALULUUIIEDI CJ-1
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(Awvg: 75%)
+5.950e+02
+5.454e+02
+4.958e+02
+4 463e4+02
+3.967e+02
+3.471le+02
+2.975e+02
+2.479e+02
+1.983e+02
+1.488e+02
+9.917e+01
+4.958e4+01
+0.000e+00
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AN 4.7 UARINTGIINYBIAIREUTBUUTIABY CJ-1
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HAUDINITIATIENTOEADAIU-1ET PJ-1 Aaglusunsu ABAQUS sUandnae
nsidegUiaranuAunintuluLuuIIaes PJ-1 waguaninnuduiusseninadmdnussyn
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U, Magnitude

+3.036e+01
+2.783e+01
+2.530e+01
+2.277e+01
+2.024e+01
+1.771e+01
+1.518e+01
+1.265e+01
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¢,
6.0

L7
27X
‘,:

12277
"I"lll’
G
A
2

lraey,
LLETT]

77
227775 &L
0y 2%

2227777
277
277

(777
71277
1777
Voo,

A9 4.9 nsideguvesraunInluluuTIaes PJ-1

U, Magnitude
+2.725e+01
+2.498e+01
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+2.044e+01
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+1.363e+01
+1.136e+01
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+2.263e-03

AN 4.12 ANULAUVDIABUNIALULUUINADT PJ-1
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(Avg: 75%)
+3.430e+02
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NN LEAI MU INATDINITIATIZANTANULANATITY Tt TUNaLIINTILILLDBLIUR
waglilevinisiguilsunisgidnvesdney 1agaginn1siueuiigunsenseyingagaves
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4.3.1 wan1magauluviesufjiAnisvassessaniu-an PJ-2
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AsPaauNNUaneau (Deflection) WARIAININT 4.16
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AU-td1 PJ-2

4.3.2 HAN15IAIIZNTBEABATU-LEN PJ-2 ArewuuIaadinludiofuud

NANISILASIZNTBEFADAIU-LET PJ-2 28lUsN5Y ABAQUS AELandsIens
deosUuazanupuiiadulukuuinges PJ-2 uaguansninuduiusseninadmdnussyniu
5288N5ARBUNTNUA18A LTI UDINSIUS SUWIB UNAYDILUUINAINUNANISNAZEY NISLAY

JUY0958YMBAU-IET PJ-2 WARSAININT 4.17 U5zeen1siAfouigean 56.36 mm wazns

=

iRpuTITUSInRINaemLAN FULsINAlszEzNSAGeuT 45 mm dwmsunisideguues
widniaduluuuudiass PJ-1 uanenan1ni 4.18 IA1gegadl 53.67 mm egiusiinlatednds

[ |

finndesninszeznisideguvesneuniauanidiuninasuiuaeuniniuiinnisinioudni
duiusiu N15AAeUNMIARUUWNLIMAN PL-9 WUTAT 22.9 mm wansdan1ni 4.19 dwmsu

Y A a X = o = Y da & I a Y -
AMULAUTAATUULABUNIALARAIFINING 4.20 AIULAUTAAYUULLIANLASULANIFININT

4.21
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U, Magnitude

+5.636e+01
+5.166e+01
+4.696e+01
+4.227e+01
+3.757e+401
+3.287e+01
+2.818e+01
+2.348e+01
+1.879e+01
+1.409e+01
+9.393e+00
+4.696e+00
+0.000e+00

AN 4.17 nMsideguresnsunInluluuTas PJ-2

U, Magnitude
+5.367e+01
+4.920e+01
+4.472e+01
+4.025e+01
+3.578e+01
+3.131e+01
+2.683e+01
+2.236e+01
+1.78%=+01
+1.342e+01
+2.945e+00
+4.473e+00
+7.026e-04

AN 4.18 mn?wgﬂmmmmﬁma%ﬂmwmﬁaaa PJ-2
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lJ, Magnitude
+2.219e+01
+2.042e+01
+1.865e+01
+1.688e+01
+1.510e+01
+1.333e+01
+1.156e+01
+2.78%9e+00
+2.018e+00
+5. 246400
+4.47 da+00
+2.703e+00
+2.310e-01

AT 4.19 nsidugUresusiuman PL-9 Tuwuudnass PJ-2

S, Mises

(Avg: 75%)
+7.238e+01
+2.000e+01
+1.833e+01
+1.667e+01
+1.500e+01
+1.333e+01
+1.167e+01
+1.000e+01
+8.334e+00
+6.667e+00
+5.000e+00
+3.334e+00
+1.667e+00
+5.552e-04

ANA 4.20 ANULAUYBIADUNIALULUUIIADI PJ-2
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S, Max, Principal

(Avg: 75%)
+5.949e+02
+5.453e+02
+4.957e+02
+4 4622402
+3.96624+02
+3.470e402
+2.97 4402
+2.479e+02
+1.983e+02
+1.487e+02
+9.91524+01
+4.957e4+01
+0.000e+00

2N 4.21 ﬂ’J’]JJLﬁWUENLVigﬂLﬂ%JJIULLUUﬁ]cWaQQ PJ-2

a ¢ v ¢ a Iz ° Aa o a ¢
NavIN15A5 12 e L UL e AL UUR YL UUTIAaDY PJ-2 DRI UIUYBLDALLUS
wana9nUYN I ANaRas N lA TR LANA1 LTI LAAIN8NTIUT I U UAINUFUNUS VD

A A o 3 o Y -
ﬂ’]ﬁLﬂaEJUVW]IJ@’]‘EJW]U?]‘UU’]MUH‘UiiV!ﬂLLﬁG’I\‘i@QﬂW‘W‘VI 4.22
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o a o‘el' 1 U (% d' 3 a' dy o a 0‘5 ]
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4.4 n1sslSeuisuNanIsnagaunuNani1sIasIiinludeauud
4.4.1 n1ssUSeuLisu Load-deflection

mmé’uﬁuéizijﬁmﬁﬂmmﬂﬁ’mwzmim?{auﬁﬁﬂmEJmmJaﬂiasWia
AU-La Teanuguuuudsiinaniandreiuiiu idethuaildainnsiesesiselnlufiodiuud
YBITREFOAIU-LE1 CJ-1 PJ-1 wag PJ-2 undSsuiisuiunanisnaaauluviealfufinisuans
Fanwil 4.24, 4.25 uag 4.26 audRU watildannsinsimneiiludediuudvessesse
AUl 119 3 JUsUURTina I dsiuiufiaowaenndestunanisvaaeulufesufiinig
Tagtas linearity U09508aATU-1A7 9 3 JULUUIglFRaaslndlAssfunanIsadey
dwsutaa non-linearity vassossenu-1a C-1 Tuaglinaeasiilndidssfunanisadey

1INNINVDITOUNBATU-LET PJ-1 LAy PJ-2
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e ANalysis e e Experiment
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10000

8000

)
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6000

Load (k

4000

2000

0 5 10 15 20 25 30 35 40 45

Deflection (mm)

a ~ a ° o '
ANNN 4.24 \WUSHUNEUNAINLUUINRDINUNANITNAFDUVDITERBAU-LA CJ-1
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&= e @ Experiment « » Analysis
- TR D S D D CD S S - .
- e
s -
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et \

\--’---—----------

10 15 20 25 30 35 40 45 50
Deflection {mm)

a ™ = ° Y} !
ANNN 4.26 LUTHUNHURNAINLUUIIADINUNANITNAFDUVDITRUNDAU-LET PJ-2
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4.4.2 MsWI—UIEUATIUAIAY (Strength)

mmé’uﬁua‘szwﬁqfww%mmﬂf'TUmﬁm?{auﬁﬁﬂmsmusuaaiawiamu—
i@ fainanundnadutiu Lﬁlaﬁ’llﬂLU%‘EJ'ULﬁEJUfgﬁﬂugﬂLL‘U‘U‘UENLLNUQﬁﬂiWWLLViQLLﬁGNﬁQﬂWWﬁ‘
4.27 Tagannisnaaeuluriesliinisvessossoniu-tar CJ-1, P-1 wag PJ-2 1189
10.82, 11.1 uay 8.71 Fumuadu F950ef0mU-1an PJ-1 ﬁ?uiﬁﬁwé’amﬂﬁqﬂ AnSUTRYMD
AUl CJ-1, P-1 uag P2 Aildanmsimsievidaslnludiedwudiuiiiigs 10.71, 10.89
WAL 9.5 FunmuEdU Kamasildainnnsinsesidenludiediuuduos C-1 uay PJ-1 tudl

fdeinIanisneasudntdusesay 1.02 waz 1.92 dmsunaleasnleainn1s Azt

9.51t
8.71t I
Pl-2

NN 4.27 WIeUWIBUAIUNSI8958FDAIU-EET ANNLUUINABINUKNANISNAEDU

Tudediuug PJ-2 tufiiaaininanismegevdndudesas 8.31

12000
10.82t 10.71t 111t 1089t

10000
800
600
400
200
0
Cl-1 Pl-1

W Experiment mABAQUS
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(=] (=]

o

=]
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4.5 Parametric study

defiarsanmugnieseuuudiass lnsmsTeuiisunnuduiussening
hwinussnfuszernaedeuiindrdniuuusaesdildnduddausmsimesinaeg fe
ANAIVOUNANETY A1I799ABUNTALATYUIAVOIUNULAANLASN KWUUTIADIT0EHOY DY
ATU-iEN 19 3 WUy TuazuansdlusUuuuresnuduiusseninsdmdnussniuszesnng

dll =
LARRUN

4.5.1 NAN1SIATITUNITINABDIANGE) VBILUUINABITRERBATU-LET CJ-1

dolduuudaesfimineauudiinihunuiuldsummsiiwedane lngae
wandlusuuvuresamduiussenindmidnussyndunsedeuiiiivatsaiu uuudaes
CJ-1 HulSundmmiwessiuau 2 Ussanie Lidweundneasy Tnsudadu 3000 waz
5000 Alansufemsnuaufiuns 2./1awesnounin tnewvadu 280 way 320 Alansuse

AT IUBURALUANT
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10000 4.44_/

8000

w— 5950 ksc

6000 w5000 k¢
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Deflection (mm)

29 4.28 Wisusuidweandniasulukuusiasy CJ-1
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d' % [ s ! go’ v v d‘ a a
A1NN 4.28 LLamm’mau‘wuﬁiwmqumunminﬂﬂmwzmimaauwmﬂmamwm

[ =3 a

a § o = o v < a A a o '
WIS BINaULUANLESH 31NN 1NN PaAASI U URANLESUT 5000 Alansunoni1s19
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a o v w

wuRiua suudindiidssuinninussnnlndifsswuuitassseduasiiioanindswewnan
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v v o Y 1

w@3ud 4000 Alanfusiensnueuiunsiuwiiimassuivinussmnanasegrwiuladn nm

a

1 4.29 uanaAUdNRUSIENINUMTNUIINNAUTEEENISAREUNTNIUA1EATUVRINITITN S

£%
[ LY o Y

Masraunia wiulgindeiinmdwesne unIntuuriidmassuiminussyniiinduaiuly

v

121014

4.5.2 HANTITAATITANITAADIAN9Y VBILUUINADITOUADATU-LEN PJ-1

delduuuassiimunzanudiaiuiusuldsuaminiiwedane Tngae
wandlugunuuresnrmduiusssninaiminussynfunsiedeuiiivatsniu uuusiaes
PJ-1 TuuFuuAamsimessiuiy 5 Ussianie Livdweandnasy Tnswladu 3000,
4000 wag 5000 AlanSumen1s1auRuns 2./189U99AaUNsA taeulwdy 280 way 320

AlanSusAonITITURLUAT 3.ANS9U0WAUMAN PL-12 Taswuadu 3000, 4000 was 5000
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AlaNSUADMITIUTURLLAT 4.ANUNUNVDILNUMAN PL-12 Taswladu 9 way 6 Jaduns 5.

ANgIveIEuwan Ineuuadu 200 way 150 aduns
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- 6000
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~ = a o w < a o
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ANT 4.31 WIguigunasueInaunInlukuuaand PJ-1
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AN 4.33 WSHUTBUANMNNUIY LR UIMAN PL-12 Tuwuusnasy PJ-1
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12000
10000
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< 6000 — 250 MM
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AN 4.30, 4.32 uae 4.33 uansmuduiusseninaivminusmniussegmsiadeuninuany
ANUVDINIT LA DI AAUNANLASY NIEAIVDILHUMAN PL-12 Ay AINUNUIVDILEULAEN
ANNAIAU WAAALTIUINNITIANANNIAIVDUNANLAZAAVUINAITUNUIE AN IRAF 15U

U mdnussynlddieiu aandl 4.31 wansanuduiusseninadminussmniusseenis

al

o a a o w = G Y1 A a o o A & o va
Lﬂa@uwmﬂaqEJFI']USUENW']T]NL@@ﬁﬂqaﬂﬂ@‘l{mﬂﬂLﬂuvL@'J’]LlIE]LWNﬂ']aQGU@Qﬂ@Uﬂimuquiﬂu
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[V o

Adesudmtnussniindunuluae waznInd 4.34 uansauduiusseninadinin
UsIniuszegnIsiafounUateauvean siieiaugwedrumanazulainniniy

NMIanANEITBIR AN TuAzYh IRMaS Ul minusInlesasnuluiie

4.5.3 NAN1TIATICUNITINADIANGE) VBILUUINADITRERABAIU-LET PJ-2

delfuvuassiimunzaunudiFaiunusulasuamaiiwedan Tneae
wanslusuuuurasaudiiudsevitaiminussnfunnedeufiivaisniu uwusiaes PJ-
2 Shuusuufamsfivedsiuu 5 Ustinnie Lidwenndniasy Tnauvadu 3000, 4000
war 5000 Alansudeasiawuiuns 2.Maswesnsunia lnsuvadu 280 way 320 Alansu

HONITIUYURLUAT 3.A189989wNuLan PL-9 Tasuwuadu 3000, 4000 wag 5000
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AlanNSUADAITIUNTURLLAT 4.ANUNUIVDILNUMAN PL-12 TaeuwUadu 9 way 6 Jaduns 5.
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e 4 800 ksc
e 4000 ksc

e 3000 ksc
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UNN 5

A3UNan153Y

5.1 asunanisAne

NATeildvinsfinunisimssinginssuvesseasde Au-ia dusagunield
wssafinmedsnsiludiedwud nsasranuudaesiilusdeduuduuazsoadilaiiugiukay
AIUMNIBVDINITILADF6139 Lo lARUUIIaDItLINaLRaNd0nARDIAUNGANTTUITS
msfnwasatlldlusunsudniogy ABAQUS WunIasdeviglunisieszit Taglafinnsan
Al dududuveriaquaznsisaauniugnaesveskuuitasiunanisnagauly
v a wa = Y o a a o Q‘ o [ b o I 6’5
WoslURNsTalarLiuns Tay MIENA, 2558 @1MSUNITASIUUUTIADITOLFDAIU-LET NI

& & Yy a ¢ a . o A g P a ¢ a
ausUuuutuazifenldiofuudyiia Solid C308 wnuiannluneuninuaziofiuuduiln
Truss T3D2 unudaaumaniasy nsinassnanasumasiupsunsntuasiinualiianasy
mdslumsuniniuluy Embedded sazinunliaounindussdisznaunanadiuindn

a o w = ] < 3 -s:l' o Y = o 1Y N
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5.1.1 WOANTINVDITDUADATU-LE
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a % I3 a '3 1 a" 1 I~ dgf =l [y} 1
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Y
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