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APPLICATION OF FINITE NODE-PRISM METHQD TO THREE DIMENSIONAL STRESS AND
FREE VIBRATION ANALYSIS OF STRUCTURES
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Finite node-prism method has been proposed for the three dimensional stress and free vibration
analysis of long thick-walled structures with cross beams and diaphragms. A node-prism element has
nodal points as well as nodal lines of ordinary finite prism element, so that it is easily to connect the
element with finite elements. As a result, the versatility and capability of the FPM are particularly
enhanced. In this paper, the elements are formulated by coupling eight-node and twelve-node
isoparametric shape function with polynomial series. The accuracy and convergency of the present
elements is demonstrated by several examples, and the three dimensional stress and free vibration
analysis of box-girder bridge with the cross beams and diaphragms is shown.
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(a) 8-line element
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Stress| Z 8-line element 12-line element 11terms Exact®
1term { 2terms | 3terms { 4terms | Sterms | 1term | 2terms | 3 terms { 4 terms | S terms
0.00 | -75.256 | -75.166 | -75.254 | -75.248 | -75.246 | -76.414 | -75.267 | -75.243 | -75.241 | -75.240 | -75.277 | -75.200
0.25 | -38.468 | -37.418 | -37.445 | -37.449 | -37.448 | -38.911 | -37.474 | -37.434 | -37.437 | -37.437 | -37.440 | -37.413
ox |0.50 0.016 0.000 | -0.002| -0.001 0.000 0.015 0.000| -0.002| -0.001 0.000 0.002 0.000
075 | 38485 37.426) 37.441] 37.442 ) 37.443| 38932] 56366 37.438 | 37.438 | 37.438 | 37.444; 37.413
1.00 | 75.205| 75.149| 75.245| 75.247| 75.247| 76.379| 75.266 | 75.240| 75.242| 75.242} 75.247 | 75.200
000§ -2.688| -1174} -1.029] -1.036} -1.040} -4.465] -1.388} -0.972] -0.984| -0.991] -1.076] -1.000
025 | 0218] -0748| -0.880| -0877| -0.875| -0.500] -0.841] -0.839] -0.839| -0.840] -0.887] -0.844
o, 1oso| 0s508] -0499| 0500 03501] -0500) -0504] -0500] -0500| -0.501] -0.500{ -0.503] -0.500
075 | -1.227] -0264| -0.129| -0.128| -0.128] -0.495[ o0.118] -0156] -0.157| -0.157| -0.128] -0.156
100 1767] 0207] 0045] 0045} 0.044] 3.560] 0443] 0.005] 0.003] 0.003] -0.044} 0.000
0
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#£-1 EARMAROEHERNS (BEBRICHT L)

Frexural Mode In-plane Mode
ELMENT | TERMS LA I-S ( thickness-twist ) -8
[T 21 1,2) 2.2) (3,1) (3,2) (1,1) 1) 1,2) 2.2) 1,1)
1 1.027 | 1.086 1.038 1.055 * * 1.004 1048 | 1.006 1.084 1.001
2 1.006 1.041 1.034 1.038 1122 | 1092 | 1.000 1.004 | 1004 | 1.006 1.000
8-LINE 3 1.006 1.008 1.034 1.023 1023 | 1.028 | 1.000 1.000 | 1.004 | 1.004 1.000
4 1.006 | 1.008 1.034 1.023 1.013 1.021 1.000 1.000 | 1.004 1.004 1.000
S 1.006 1.008 1.034 1.023 1012 | 1.021 1.000 1000 | 1.004 | 1.004 1.000
1 1.021 1.076 1.006 1.032 * * 1.004 1048 | 1001 | 1.080 1.001
: 2 1.001 1.031 1.002 | 1015 1.104 | 1.069 1.000 1.004 | 1.000 1.002 1.000
12LINE | 3 1.001 1.000 1.002 |- 1002 | 1011 1.008 1.000 1.000 § 1.000 | 1.000 1.000
4 1.001 1.000 1.002 1.002 | 1.001 1.002 | 1.000 1.000 | 1.000 | 1.000 1.000
5 1.001 1.000 1002 | 1002 | 1000 | 1.002 | 1.000 1.000 | 1000 | 1.000 1.000
o 1.000 | 1.000 1.000 1.000 1.000 | 1.000 1.000 1.000 | 1.000 1.000 1.000
EXA (0.0919) | (0.2197) | (0.2197) | (0-3376) | (0.4117) | (0.5171) | (0.4385) | (0.6937) | (0.6937) | (0.8770) | (0.7401)
* These are deformed modes which are missed.
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(a) Thick rectangular plate (b) Node-prism mesh
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(1) EXREEER
HRT)XLEROWKYELEEZHARS DI, B-

7(a) IR BB R S NI IEA R (7 > J ¥ E=1.0,

A7V o Hv=03, FEp=1.0, a=1.0, bla=01) ZHET

5. BERHEN, B-TOIRT LD ICHEIE (Y, 2) I

—343—



1200 mm _ -3 THREYORFEEHK

4§“§ Mode] FEM | NPM (A-A) 1 A x 100 (%)
g & Mol @) | @2 00 Tn 1[0 =5 [n10n.=20[. 50
= 8 1| 14277 1429] 0.00]-011]-0.14]-0.15] -0.15] -0.15
P " laad Jiod 2] 2254 2255] -018] 018} -0.42] -0.42] -0.43 | -0.43
> i 3] 43.95) 4400] 1.08] 028} -0.26]-027]-0.29]-0.29
(a) T - beam model 4] 7661 7669 200] 0.68]-0.06]-030]-032]-032
: 51108.94 {10012} 2921 2927 031] 036 -0.59] -0.61
Tt [ 613765 [137.79| 670 3.06] 043 -0.15]-0.20] -0.22
11 7114377 14380 | 4.77] 224 2.24] -0.17] -0.19] -0.21
. g[% 8 1176.36 [176.6 | 4089 5271 033 ] 0.13] 0.08] 0.06
i 9 1237.64 [238.59 | 52.15]23.58 ] 1.49] 0.13]-0.22 | -0.26
2@2 500 = 5 600 %gggo 10 [250.10 [250.60 | 51.82|44.86] 1.47] 0.25] 0.09} 0.03
) 11 {286.46 |286.91 | 37.60 {32.07] 235 1.14]-0.20] -0.24
(b) Node-prism mesh of'l:—be‘am ‘ 12 |304.61 |309.87 | 43.50 |27.21| 1.00| 0.68 | -0.08 | -0.11
B-9 ARBTREY 13 {33031 [335.57 | 44.46 |21.87] 339) 045} 0.17]-0.10
14 {352.39 |355.54 | 383736.45] 8.61] 2.00]-0.03]-0.16
IZ4X1 8L, JEBAMIC2 28195, 15 |361.76 |364.21 | 39.95[35.06 | 6.72] 1.85] 0.15] 0.05
£-2 101, BT 1~5 HREWE &2 OEEESRO 16 {38523 [389.97 | 4163|3076 | 625} 0.44| 0.11] -0.05
- IR 17 {394.88 [405.29 | 56.97 | 54.65| 7.82] 1.59] 0.01]-0.11
R ERER L OLE, R EICHTER SN 18 [407.21 [408.61 | 81.15 | 55.60 [ 19.04] 2.21 ] -0.07] -0.10
REBETHRELTRLTHS. REO(m, n)id, BITHRE) 19 [410.67 [420.57 | 8520|7628 [20.22 | 330 020|012
THEX, YEIAROEFEEKEZRL, BRNRE TR X 20 1430.04 |430.65 | 97.81180.96 | 20.42] 1.51| 133 -0.01
EOY BT o D OLEERERL TS (E-8). 21 |442.66 [449.67 [102.32 [ 85.00 | 17.07] 1.84] -0.06 | -0.09
22 [459.47 [463.28 | 9936 |87.49f21.55) 228 | -0.17] -0.19
BEIC 3 MM 2 SREWRLTHD, dTHEH T 23 |463.93 {472.25 [101.77 | 84.60 [ 47.16 | 5.29] 0.14] -0.10
i3, MEMELBRUTSHRERTIHNEROBENEL [ 24 [476.35 [450.03 | 98.67 |90.22 | 5131 ] 5.88 | 0.21 | 027
TWBN, REBRERTR 12U TOBEELR>TNS. 25 1522.10 |529.22 | 87.04 |75.54 | 42.22| 7.06 | -0.04 | -0.50
ERRETIE, £500ERS 10U TOMEL LTS 26 1526.01 {533.84 | 89.59|78.79 | 52.53 | 8.86 } 1.06 | -0.18
E - 27 |547.71 | 558.69 |101.67 | 77.56 [ 52.67] 8.18] 0.97] -0.37
0. ﬂ%ﬁ@ﬁmﬁzibw%bn'cma 28 |572.33 {579.37 [102.88 | 8532 [48.89] 5.22] -0.48 | 078
(2) REBLTRIY 29 |607.28 [609.61 | 96.00 | 78.07 |45.93 | 3.78 | 0.02] -0.01
B /INE R B W 2 BT O RN DD 30 [625.71 633.07 | 90.66 | 83.23 [49.61 ] 16.00 | -0.30 | -0.43
i7, B-9(a) IR —IEE, SWEmO THSEIRY (& |POF[21561] 2652] 612] 613] 617] 622 632] 642

X L=5m, V&% E=210000 kgf/cm®, N7/ > Hv=02,
HE®FEPp=2.55X10"kgsec/em’) ZHERE— RETHE
g5, WEMIZIE, WERNIZTID% 8X2 Fl, UL
TE2X5 5EIL, BRHMIZ 45 HEIL7- FEM B2 RN
5.
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HiikR B HEE (68 HiMR X 5 T X3 iR5F=1020 HHE) % n.=0
~30 HHEIHE/NT 3.
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HTIRE), 2 KE— RTHE D D OBITES, 3 kKT~
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RMBLLIzoTnB.
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4. Wi REBEA Y ZHEMRORN

4.1 BEETN

BT, B-11(@IIRTEH 40m OEHE (v
> 7 %3 E=210000kgf/cm’, 7Y > Hw=02, BT
ERy.=25tm’, BREE=255%X10"kgsec’/em’) TH 5.
EASTE 20em, FAF 78 13em, L7 E 40em T,
WX EEHICEE 3m OHET & 8.2m BIRICEE 40cm @
BEZIBELTNS,

ERSENT, X BIAFICHEEE (B SHFORKET
BB THY, BL2E% 2 DOBEE oy 7& 4 D0
7oy, 3DO0BETOY IICHEITS. 870y
ZNTIE, 8 HiEHZEZHAWT X Shmic g3 IcmE-
N OXI>RERFEZRY, B, Sk 7oy

Y DiRENERE

POV S |, BEET Oy 7T 3 FHEES T
W3, £, BRABETAS IO 2BEHEL, &
B AN u 13 X=0 DFT 5> U%, HREAHMEN
vIZX=0 & X=40m O F T 5 VRS 2 XRERET 3.
BlE&D, SR XLEHRK 312, Hig 1610 2H0N
T3,
SREWNBHFT TR, WEELTETHWE 4=
350kgf/m’ (3432Pa) ZBHICHBE Y, HEZ2WHEH &
LTHRASES. HHEBBIN T, 8709 708K
HEEZEZn=20 T /T 5.

4.2 BRITER

B-12 23, AT T LB Doy o5t DIRHHDHH &
A-A BiE (X=2000cm), B-B Wi (X=1570cm), C-C Wi
H (X=710cm), D-D Wi (X=150cm) TODoxoyptzx @
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N

6 700 mm

350 6 (00 359
G g = 350 kpf/m?2
2 = FI1 117 -
40 000 mm : A L)
[3 009 8200  40Q 8200 400 8200 _ 404 8200 00 4 = § |
o I* gl > ° @ 500
E ] C | K
— s
(a) Section I-1 T 1350 l4od 3200 kod, 1350
Half section B-B Half section A-A
(c) Cross section
D rc B A ¢
. 3 500 400_2@S00 i600_ 2@50Q 400 2@500 350
X =1 00! =1 000 ] =1 200 =1 000 =10009’ f% ¥
A, &  — P B S
1 gk |
T T T T @\ T
ow
vi{ LD LC LB LA i —r—
! 50IO 5600 | 8600 | 4300] € Half section B-B 7 Half section A-A

(b) Top view

(d) Node-prism mesh of box girder bridge

B-11 #ihimREEsaT 8GR

shearing stress T,

E-12 #iEREZRTIHOROENSIHERE (B kef/cn’)

ISI AR ERT.

EAST LGOI 10y @ 43 4 K 3T S K URREE
TRELENTEYD, HiF (B-B) HimTldE S HMII—
BIZAMLTWS, Zhizt LT, PEEE (A-A) K
TEHEBIHAICKESEANTVAEZ &M 5. Bhioy
ETx, T PEMREAHBREIERLTNS,

B-13 2, 10 RETOEARBREBHERZABLY
B-B Wi OIRBFEHERT. 1 KE— RTEF#MEbLOO
HHTiRE), 2 KE— RTHREIED D OMITIRENNERKL T

Section A-A Q .

=0 fo
—100 2__):
— 4 P
R JE N

350 :6 T 4_5-5-:“ ......

normal stress o,

normal stress o,

0 0 B
shearing stress T, shearing stress T,

BY, TOMOE— RTREMLERBEIL<E>T
W3,

PEDOESI, #iFPREZDboMEIIHLTHY
RR IRTRNEN EHBERBBF 2T ENTE
5.
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8th - oth O
19.97 Hz 21.64 Hz

22.23 Hz

H-13 #hLBEZH T HENRORHIRE & IRBRR

5. %

13

g O 3 KT LB & B hiRBmTchnT, —
BAL LI/ T ViR 2 N T I R 2 A D T R
TUXLBRITEDLRBINEEE L OREFEMICE
DRAEL SR EDROE DRI ENNR B,

1) 3 RIS & B RHIRBIEITICB T, TR 2
AWEHRT) XLEBRTE, BOMGRENRL, &
B 3HBEERWEETT, REOBRWIKRMAZREBS
EWTES,

2) IRFTEWABFIIBNT, ERTY XLBITER,
ROREIE TR ERES T, £hfEICH
THNFEMESEO TR, 51, AREREORKS
PEALGEOUENEZTH O, HRETUXLEOHE
F#B 2 KIBICIERRTE 5.

3) BENEERWESR ) XLBICE> T, KBS
EHOH hiRBBRTEBEEIC, DRBFETES.
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