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AN EXPERIMENTAL STUDY ON CENTRIFUGALLY CAST
PIPE COLUMN TO H-BEAM CONNECTIONS

By Minoru WAKABAYASHI, Ryoichi SASAKI and Yoshio KisHIMA

Synopsis

This paper presents some results obtaihed from a series of experiments on the strength and -
behavior of structural connection consisting of centrifugally-cast steel pipe column and wide flange
beam. Three types experiments were carried out; “vertical load type”, “horizontal load type”, and
simplified “tension type” tests. B

Test result implies that the thickness of the pipe column at the connection significantly affects "
the strength and behavior of the beam-to-column connections as the ones investigated, and so does
the existence of ring stiffeners. The result also inclicates that this type of connections has much
better characteristics both in strength and in ductility, when ring stiffeners are provided than when
without them. '
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Table 1 Chemical composition of centrifugally-cast steel pipe — Japanese Industrial
Standard and Chemical Analysis results. (%)

Specimen G P S Mn Si Ceq
PJ-0,1 0.17 0.032 0.014 1.20 0.21 0.38
PJ-2,4 0.15 0.022 0.014 1.24 0.31 0.37
PJ-3,6 0.16 0.024 0.022 1.17 0.36 0.37
P]J-5 (column)

PJ-10 (column) 0.14 0.019 0. 030 1.19 0.21 0.35
PJ-5 (joint)
PJ-7 0.15 0. 026 0.018 1.26 0.23 0.37
PJ-10 ( joint)
PJ-8,9 0.19 0. 035 0.025 1.31 0.36 0.42
PJVM
PJHM 0.18 0.021 0.023 1.28 0.28 0.39
PJVF 0.17 0. 020 0.014 1.20 0.24 0.38
PJHF 0.18 0.021 0.012 1.43 0.27 0.43
JIS G5201 0.20 0. 040 0. 040 . o 0.44
(SCW-50-CF) (max.) (max.) (max.) (max.)
Si Ni \
Cu=Ct S G0 Mo V()

Table 2 Material properties — Japanese Industrial Standard and Test results.

Tension Test Impact Test
Specimen gy Oy Elongation kerem
kg/mm? kg/mm? % g

PJ-0,1 32.3 54.5 35.9 4.6
PJ-2, 4 36.1 52.5 29.8 5.1
PJ-3,6 35.5 52.5 30.3 5.3
PJ-5 (column)
PJ-10 (column) 35.5 52.7 29.5 4.3

« | PJ-5 (joint)

g PJ-7 34.0 52.4 30.6 3.4

.g PJ-10 (joint) ‘

© | PJ89 38.3 | 53.6 29,2 4.7

g 1

& | PJVM
PJHM 35.3 54.8 29.1 4.3
PJVF 35.3 51.0 36.7 6.4
PJHF 38.1 53.7 35.3 4.3
JIS G5201 32 50 23 2.8
(SCW 50-CF) (min.) (min.) (min.) (min.)
PJ-0-2 34.3 56.1 23.6

g PJ-3-10 35.0 56.1 23.5

8 gﬁ’lﬁ 31.8 4.7 33.3

T | PJVF 31.4 50.2 34.1
PJHF 30.1 48.4 36.1
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Table 3 Dimensions of test specimens—PJVM, PJVF, PJHM and PJHF. (mm)
. Pipe Column
Sp§c1men H-Beam Size Loading
ame Diameter  Thickness

PjVM 200 X 8 H-200x100x5.5Xx8 { Model Vertical
PJVF 600 X 24 H-588x 300X 12X 20 Full Scale Vertical
PJHM 200 PN 8 H-200x100x5.5x8 Model Horizontal
PJHF 600 X 24 H-588 x300x12x 20 Full Scale Horizontal

BWD, EABLIOHBERDEE% Table 3 itF79,
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Fig. 4 Detail of full scale specimen—PJVF.
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Fig. 6 Detail of model specimen—PJVM.
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Fig. 7 Detail of model specimen—P JHM.
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Fig. 8 Nomenclature for “tension type” specimens.
Table 4 Dimensions of “tension type” specimens. (mm)
. Ring
Specimen Pipe Column H-Beam Stiffener

Name D |/t t ’ t, ‘ 1, i 1, [ L | B | & |1, |1 ¢t] s
PJ-0 300 | 1.0} 12 |12.0|1200 | 200 50 150 | 25 150 | 500

PJ-1 300 | 1.4 12 |16.8 1200 | 200 | 50 150 | 25 150 | 500

PJj-2 200 | 1.4 8 | 11.2| 800 | 150 | 35 100 | 22 100 | 500

PJj-38 200 | 1.6 8 |12.8| 800 | 150 | 35 100 | 22 100 | 500

PJ-9 200 | 1.4 8 | 11.2| 800 | 150 | 50 100 | 22 100 | 500

PJ-3 200 | 1.4 8 |11.2| 800 | 150 | 35 100 | 22 100 | 500 | 22 30
PJ-4 200 | 1.4 8 [11.2| 800 | 150 | 35 100 | 22 100 | 500 | 22 20
PJ-5 200 | 1.4 8 | 11.2) 800 | 150 | 35 100 | 22 100 | 500 | 22 10
PJ-6 200 | 1.4 8 [11.2| 800 | 150 | 35 100 | 12 100 | 500 | 12 20
PJ-7 200 | 1.4 8 [11.2| 800 | 150 | 35 100 | 12 100 | 500 | 12 10
P J-10
(annealed) 200 | 1.4 8 | 11.2| 800 | 150 | 35 100 | 12 100 | 500 | 12 10
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Fig. 9 Typical wire strain gage location for “tension type’
specimens—P J-8.
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Fig. 10 Typical wire strain gage location for “tension type” specimens—PJ-3.
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Fig. 11 Dial gage instrumentation for
“tension type” testing.
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Photo. 3 Test set-up for “horizontal PJHM (4.3.1) oA LRBETH 245, MAHE, D
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FEBRICAOZBLAHMENRICONTH R - 7o, LEMFTRBOFKERE, Tablel icxs, chod
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REOFERIE, Table 2 KFEh T3, BIEVABROBREBBRIRASHE (0,) , SIEHRE (0., Ehb
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KHET UKk, FEOERIRBNNE, COREEHIZ Photos. 4,5 (tRsh T3, KA
7113 84.3 ton TH - 7,
PJ-1: zhe&, LOPI-0ELD2kkizdn, MOdDIchkL T, tHokEnRBkTHs. AREA
Ui, Lo, BEORNIE, EOPJ-0 ERKETHD, BAMAHIR 104.0ton Th- 7z,
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FEotr, D%, 7570V « L —bid, ZOEBMLLRBNTKRT B LI OBWRREL - 7, WE
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Photo. 4 Detail of crack-PJ-0. Photo. 5 “Tension type” specimen PJ-0 after test.

BICRBEIAEL S /2. KM S248.0
ton THo 1z, CORREDWEHEDRI A
Photo. 6 2579,
PJ-8:PJ-2 kv i3, MEDOHEL K& VHARKT
b, zoho~tkid, PJ-2 E£<{FELT
5B, PI-2 LOEKMHEKEOH (68.0
ton), ME—EBHBIEALEEZLTED, B
BRI, RETH - o
PJ-9:PJ-2 LU#LT, MIHOEABOES (I
BEA B HRBRETHE., TE-EHibMH,
WERRES LEROP]-2H20E, PJ-8 &
BTz, KTt /713 55.0ton T& » Jz.
CNES5EKD, AF7F—DRVEEEARD, 5
EOE” FRICL->THELN, WE—EEHRE
Fig. 12 073, cORMTHEIL, 779 « 7L
MITINZ &0 7BI3E D J1 P (ton), HEdHix, FIRED W
D, BEAREEELTOMUREY, TORETHL L,
EREEWECHE, Sffo 5%, PJ-0 & PJ-1 &
3, o3RI TTIEDOREBRRETHD,
72 PJ-1 & PJ-2 Ziido ki, ~HEZRNL 35,
FuR—vz i3 RALdDTHB, £CT, &5 Photo. 6 Failure in “tension type”
2, ARHBETS Lnic, ROREE, HHICLs specimen PJ-2.
BRTE P, (#83k) THLZ P/P, KWEHBRTZ &,

Table 5 Comparison of “tension type” specimens without stiffener—Effect of pipe thickness.

. tp P, . 0 .
Specimen i (ton) Ratio I at P, Ratio
PJ-0 \ 1.0 ] 38.9 1.00 } 5.25% 102 1.00
Pj-1 4.00 0.75
J 1.4 48.0 1.23
PJ-2 3.90 0.75
PJ-8 ~ 1.6 \ 68.2 1.75 | 3.76 0.72
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Fig. 12 Load-elongation curves of “ten- 0 20 %0
sion type” specimens without sti- 6 (107) —u

ffener—PJ-0~2,8 and 9.

Fig. 13 Modified load-elongation curve of
PJ-1 compared with that of PJ-2.

Table 6 Comparison of “tension type” specimens without stiffener—Effect of length of thick portion.

Specimen ly (5)‘1‘1) Ratio 77?7 at P, Ratio
PJ-2 35 48.0 1.00 3.95x10-2 1.00
PJ-9 50 55.0 1.15 ! 2.80 0.72

@ PJ-1 & PJ-2 L o E—EF ML, Fig. 130
LI, MED—HDBWIENFHE, £CT,

Che 2O NZE2RALEEL, MIOIDKICH>
T, AF7F—DIRVRARE S FicoVTHhET 5 &,
Table5 o kHiciss., £, ¢, FBEEOESH
KERYONLERABOFERS, t.F2hIUs0HS
DFERE, P, 3EKBIELAHTHD, P, DHE
PJ-0 2#£#ELL-bDTHB, F/, “6/lat P

i, BKWHREO, EEROEHETHD, €hi50
Wid, ik PJ0 2EEULLBEETHS, KT
ORI, MEEAMOFEEI L, W - BEEIL
OBFERTODTHY, KD SHBXDIIC, FEDS
BRBAWENE-T, MABNKELILZH, ERENR
KEILE-TL B,

Kic, BRBOEX (L)DEWIC LS, M- %k
HADEESS5 I»IC, PJ-2 & PJ-9 (I, Bstost
B ECAL)DAHEROUIL f2h3, Table 6 T3 2,
ZORT, 2EEOKRE, wWIhd PJ-2 2EHEL
v LTRDELNTWVE, ELOSHB X, ERHHBE
Photo. 7 Failure of stiffener in “tension 131X, MHORAKEXLLY, ERENRIYICEL

type” specimen PJ-3. LT3,
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5.2.2 XFI7F+—0HDbD (PJ-3~7, 10)

YY) e RFT7F =02V “BIEEDE” RBEIKSVWT, ERICL > THESWAEMAUTIETS,

PJ-3 : Bkt /i3 118.0ton T&H - 245, BIED /348% k% 104ton DRFIC, BEHEL LB, 77V «
FL— N EHELOEROBERMICARTAL, FKBRD A ERORI, COREBRF 7S
— %2> T, BAWHICE - 2. BRORKIEE Photo. 7 jTRT,

PJ-4: c0ERII, RBREOENOHEWAIK LT, 5IED D 102ton OEFATHIEL L, TORHKT,
BRFERHELMCTETOR. CORRED YV « RF7F—iF, ZOH/NME (S) 5 20mm T,
PI-3 X0 /M wvds, BERMARCLEEEC BB E1 - .
PI-5: V27 « ZF 75 —DB/MNEBFICNZL BTV EIRBRAETH M, BRMARBZHIZEETL
otz AFT7F—ICBBEEL, MHADETER 2. HBKAEIED I 102. 4ton TH » 7z,
PJ-6: 75> « 71— FOWED, P-4 X0 bNSURBRGBTHS. 3ROV ADBRRFTELBL K,
BRHUBHEAT A0, PJ4 LBV, Vo) e AFT7F kD, 759 « Fv—FO
DFLOBMPES UL, COBMCRBRLE 2, LENoT, Vo« AF7F—IKRELS
BHBH - 2. BKM A% 69. 2ton TH - 7z,

PJ-7: zhid, PJ6 L0 2F 7+ —DB/IMEBEICII L 26DTH Y, R, PJ5 LHHEL

T, 75T « FL— b BBOHDTHL, PJ6 OBEEFEREIC, 750 « FL— ALK
BERMAZRELTOEN, YUy 257+ —%, BERABCHBAKE-2LITHE. &K
Bl5E © #1713 67. 2ton TH - 72,

PJ-10: R - FEE B PITE 2 AURBRETHZ, CHREANOHEEEATTHRIC, SEEHE
BiL7bDTHS, BEBERREEIRPI-7T ERETH - . BRATEIR 57.0ton TH - 72,
758« FL— FOEVSD (1,=22mm) 3tk (P]-3~5) Ko\, WEELEHOBEE2 Fig. 14 €

AN
CTT, ML, 3B AR, 750V S — bORBRRFMETHRULAZSDT, MAAGIRD HiCkHT
ZERTETHO, HHL, BAORAKOKU 0) %, 20BRE () TRLZHDT, EABOTHHIE

P

g "

PJ-3
15 N ]
/o/ I
10 “/»/V/,wi,,«/xwza?/fzﬁff
//,/"/ | \PJ-5
05
0 2.0 ) 4.0 6.0 8.0
%—uﬁ)

Fig. 14 Load-elongation curves of “tension type” specimens with stiffener—PJ—3~5—¢,=22mm.

— 15 —



358 HABIEFERERE 14 5A (. 46. 9)

2.0
P
P
y ! ——o©
1.5 PJ-6 /__/,_-o———
I Ao BN S
P e ™
10 o
0.5
0 20 40 6.0 8.0
%—uf)

Fig. 15 Load-elongation curves of “tension type” specimens with stiffener—PJ—6,7 and 10—¢,=12mm

BEEIRDITEATERTHS., ChiLkd s, EAHOMMEL, PJ-3,PJ-4,PJ-5 OFICELB->TWVAE,
tho3kEd, BEIR, Vv« AFT7F—IKED T,

¥h, 7509 AU — FOEEH 2mm 0@ 34k (PJ-6,7,10) ko T, 2D, WE—EH
R EH VL0, Fig. 15 TH 3, chick 3 &, BEEHORIMER, PJ-6 &b ®E <, PJ-7,PJ-10 #
ZhickEl. Cho3fkEd, 7508 « AL — FTHML 220K, BRHHAREVIKENMETS - 7.

Yoy e RAFT7F—DDV R “FIEROVE” RKBRESEFIKOVT, 2ho0BRMAIBLCZOROEEH
OEWEEWEL T Table 7 itRd, PJ-6, 7, 10 Tz, 75v¥ « 7L — FCWABRE B, U
VY e AFT7F—DR/ME (S) BEAMS, HE VI, ERENCREZTEER, SEEHASHLTREVL, UL
U, PJ3~5 ZHBE LT, ZORMDIE (S) WA, EMEHCRIZTEREE, BiZ, PJ-5 & 72L&
T, 75w« Fr—rORERC K3 FELUBHPARICR S CEBHKA, Tbb, VS« AFT7F
—DE/NE (S) 2B S -RBRE PJ-3~5) 0ERERLD, BPMEBAEILNERKTARLERL,
EHHRAIFICETT S, Lrl, ZOBEWVE, WIFhdkxidizwn,

Kic, PJ-5 LHEEL T, W7 5P« v — 20 PJ-7T TR, W, ERENESKE-TED,
FERICHARTTI TS « PL— BB TERLCENRE, KL, VY7 RFTF—, COTFVT
« P — b EREBR S TETH - .

Table 7 Comparison of “tension type” specimens with stiffener — Effect of stiffener size.
P ype' spe

Specimen ( msrn) (to‘;l) Ratio —?— at P, Ratio
PJ-3 30 118.0 1.15 10.12x10-2 0.86
PJ-4 20 — — — —
PJ-5 10 102.4 1.00 11.84 1.00
PJ-6 20 69.2 0.68 8.91 0.75
PJ-7 10 67.2 0.66 10. 49 0.86
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5.2.3 Yo RFTF—DHEC DN TDOHLE

VS RF7F—DHBRBAEP]-3,5&, ChERUTERRE, RF 75 -0 0RRK PJ-2 &
D, ERERELT, Table 8 K59, PJ-3 iKid, H/ME 30mm o, F7:, PJ-5 i, 10mm 0y s
c AFTF=POVTVER, ZOVWThd, W, EREIORFIKO>VT, 2AF7F -0 PJ-2 &
Did, BEKELTVWEZEEN S,

RI, 2F 73—, MEOEBEESLZEL LRR#E PJ-8 &, PJ-3 5 XU PS5 LOERERE
WEU2oh Table 9 TH 2, COHRTH, Chbd3IHEHDVT, BAMA (Pu) &, ZOHRETOERE
EHANTVE, CORDRTED, Vo F « AF 757 —0Db56Di3, PJ-8 IKH~RT, FAMAHILBNT
L5 b, BAMABROERICENT2.7~3. 2 fEOEERL, Vv « AF7F—BEHTHZ L Em
FiZRbL TV,

MEERMOES () 2,PJ2 LR EokBBEP]I &, Vs« XF 77 -0 & 3R %K PJ-3
HBVIIPI-5 LxiEtL 0% Table 10 ©5 2, CORIKL-Td, WHIKY VS « RF7F—BHEH
THEDPBRA NS,

DEOBA DHEBEREALT, THEOIIVLDTS, Y J « AF7F 220 TEIT, REEAMW
OHEBIIKRBICBARBE L ENDE., S, ERMOES ()13, EAMOMAPERERER, JFLKE
REBEEZRVELITHEH, BdoLdic (6. BR), FEORNRE BT ILOCWMEOBEEL
wEEbhszs,

Table 8 Comparison of “tension type” specimens—Contribution of stiffener existence.

. S P, . é :
Specimen (mm) (ton) Ratio o at P, Ratio
PJ-2 none 48.0 1.00 3.95%x10°2 1.00
PJ-3 30 118.0 2.45 10.12 2.56
PJ-5 10 102. 4 2.13 11.84 3.00

Table @ Comparison of “tension type” specimen PJ-8 (without stiffener, t,/,=1.6) with
PJ-3 and 5 (with stiffener).

. tp P, . 6 .
Specimen & (ton) Ratio 1 at P, Ratio
PJj-8 1.6 68. 2 1.00 3.76x10°2 1.00
PJ-3 1.4 118.0 1.73 10.12 2.69
PJ-5 ) 102. 4 1.50 11.84 3.15

Table 10 Comparison of “tension type” specimen PJ-9 (without stiffener, [, =50mm) with
PJ-3 and 5 (with stiffener).

Specimen (nkn ) (t%;x) Ratio % at P, Ratio
PJ-9 50 55.0 1.00 2.80x10°2 1.00
PJj-3 35 118.0 2.15 10.12 3.62
PJ-5 102. 4 1.86 11.84 4.23
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Table 11  Test results and predictions of “tension type” tests.

Prediction
Experiment
Specimen Connection Flange Plate _@_ @
Column| t;, Ly ty S y |[Pa@| P, [P,®| P, y |[Pa® @ @
(mm) | "t,” | (mm)|(mm)| (mm), (ton) | (ton) | (ton) | (ton) | (ton) | (ton) | (ton)

PJ-0(300x12] 1.0| 50 25 — | 60.0| 84. 3‘ 65.1 | 83.1) 123. 8‘ 128.3 210.4| 0.99 | 2.50
PJ-1300x12; 1.4 | 50 25 — | 75.0 | 104.0 82.4 | 105.3| 123.8] 128.3 210.4| 1.01 | 2.02
PJ-2/200x 8] 1.4| 35 22 — | 37.0] 48. 0i 41.5 53. li 72.6) 77.00123.4| 1.11 | 2.57
PJ-8(200x 8| 1.6 | 35 22 — | 55.0 | 68.2 49.6 | 63.3, 72.6/ 77.0 123.4]0.93 | 1.81
PJ-9/200x 8| 1.4| 50 22 — | 43.0 ] 55. Oi 41.5 | 53.1| 72.6| 77.0; 123.4/ 0.96 | 2.24
PJ-3|200x 8| 1.4| 35 22 30 | 82.0|118.0 84.0 126.6| 72.6| 77.0] 123.4| 1.07 | 1.05
PJ-4]200x 8/ 1.4| 35 22 20 | 65.0 —| 63.0 | 95.0 72.6| 77.0| 123.4 — —
PJ-5|200x 8| 1.4| 35 22 10 |55.0 | 102.4 40.1 | 60.4] 72.6 77.0 123.4! 0.59 | 1.21
PJ-6(200x 8| 1.4| 35 12 20 | 43.0| 69.2 43.8 | 66.0! 39.6, 42. 0‘ 67.3 0.95 | 0.97
PJ-71200x 8| 1.4| 35 12 10 | 40.0 | 67.2{27.3 | 41.1] 39.6 42. 0l 67.3 0.61 | 1.00
P j-10 |200x 8| 1.4 | 35 12 10 | 40.0 | 57. 0& 27.3 | 41.1] 39.6| 42. 01 67. 31 0.72 ] 0.85

TR S1kD “BIRVE” RROBRE-FERICL DS, Tablell TH 3,

5.3 SAENEERIIIEAMEROER

5.3.1 BRBROHR EIJVM)

BEMELZU 3 EAMOMBKREROS L, WE—TRADLEHE Fig. 16 Ry, WH, 24

20

J—

—+=

P
(ton)
10 p
4
5
-
L'&ll [S)
D.G 1
1
0 20 40 60
§ (mm)

—l D.G.2

Fig. 16 Load-deflection curve of model specimen under vertical load—PJVM.
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Photo. 8 PJVM after test. Photo. 9 Close-up of flange local buckling in PJVF.

OMEIE, BULSKIRL 7, EAWMOER2MFTD, FA TN F =K XBMECHIETZ2HDTH
v, &1z, BRI, BROHEI X TEKD, COESBOBRRKE (P) 2RL TV,

C ORBE PJVM) 2, “B[IE DA KB PJ-6 ICHELTRIL2bD0THED, HEERDOEHENY 7
VO ORBERS, COEAMOMNEREL . RAHERL. dton TH - k. ERZOHRZ Photo.
8 [tET,

5.3.2 EXEBOER (PJVF)

NENELSUAEARO, BAEREEDS 5, HE—PR~bA@EE, Fig 17 KFF, BRER
DHE PJVM) LR, HEE D QRGN 7> ORRMERL, WAZREL 2. BAHER, 120ton
THotr, CORBEKDORMER DTS Photo. 9 WiRLTH 3.

120
80
P /;
(ton)
60 :
PIVF P
1
40 ]
=] | |
=1 [S) i

20 D.G.1 0.6.2

| !
0 20 40 60 80

6 (mm)

Fig. 17 Load-deflection curve of full scale specimen under vertical load—P]JVF.
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20 m—
/
P
(ton)

[ I A—

10
5

0 20 40

6§ (mm)

Fig. 18 Load-deflection curve of model specimen under horizontal load—P JHM.

100 —]

w- J
VY.
|/
17 177

6 (mm)

Fig. 19 Load-deflection curve of full scale specimen under horizontal load—P JHF.
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5.4 KEHEEZITIELENEROKR
5.4.1 gRzBO#ERE (PJHM)

Fig. 18 (1, AVHEAZY 2 BFEABORBERERD > 5, HEE, HEEDBEO~HHED
BMEERLb0TES, Mb2h0HK, ALCRFSATOE, ROOELEHRBBTONEICLS D
DTHB. Fio, WIZ, BEOIRICE-TRD7:, BRIE (P) TH3., CORRKS, “BlEHE”
RBED PJ-6 LA Frk—y 2 KESRTHED, B OEGNT 7> #8 RBERL 7, RANE
(Fig. 18 {CoR L7 P) 13 20.4ton TH » oo HBRHETHO, ZORBRKZE Photo. 10 TR,

5.4.2 EXEROHE (PJHF)

Fig. 19 i3, ZOEREROS 5, HEE, ROMBOLbSEOBEERL DT, Jif2ADHK
i, ZhEN, BOOLEEBRTD, FATL  F—UEBMNECLEbDTH D, 1o, Wid, iHE
ICEoTRD A (i) BRFE (P) 2RLTVS, CORRKTS, 120 OEHNT 7 v 2R e
AR Utz, ATFEL 103.5ton THh » 7z, RERDEH:Z Photo. 11 %9,

Photo. 10 PJHM after test. Photo. 11  Full scale test in progress—P JHF.

Table 12 Test results and predictions of model and full scale tests.

Dimensions ‘ Experiment Prediction
Specimen

Name Pipe Column H-Beam P, P, .

(mm) (mm) (ton) (ton) (ton)
PJVM 200x 8 200x100x5.5x8 15.8 19.4 15.7
PJVF 600 x 24 588 x300x 1220 107.0 120.0 109.7
PJHM 200x 8 200x100x5.5x8 18.5 20.4 14.3
PJHF 600 x 24 588x300x12% 20 86.5 103.5 91.0
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cho 4o, BRUORREBRO % Table 12 ©53, cokicld, s olEic, RBREOD
&%, BERLIHBR DO E, ERICL-THBN:, BREEERANE $LUERORERICL -
TROLBRFEDOTEETH 3,

5.5 BERRIEREBOLSR

5.5.1 SRENEEIIBZESBOERICONT

MENEZRT ZEAB0, BHEEREEXRERE OBELHEL A3, Fig 20 i© M/M,—5/] f#
ERT. CORT, @Ml EAWCHSE—Ar (M) 2E0OLWET— A2 b (M,) TR - &
KERTHD, Hld, BOHROADAE, BDOAALTRUABATRTSS. ¢ ORMNFT LI,
2EOMBRE —HLTHY, BEEROERITDEREMNKI SO THE CEMNNE,

5.5.2 KEHEEZIIZESHWOERICDONT

KFPMEERT 2HAHO, BHERR (PJHM) LEKREER PJHE) iIKoW\WT, T— 2y F EEBE N
Uledb 0% Fig. 21 ©5 25, C ORORHES L U#EIL, Fig. 20 0BALALTH3. COMTH, 5.5.
1 ERBRIC, BRI, JERDEAMORBEFTRL VI ENDSIS,

P
i \// \PJVM
' “PIVF
M ‘
My -
- |
0.5 t 1] *
0 1.0 2.0 30
% (10?%) —

Fig. 20 Comparison of model test result with full scale test result—vertical loading case.
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15
-
/L'\—""
| PJHM
\PJHF
1.0 7
M
Mp 4 2 Y
05
L
0 20 40

6

T (107) —

Fig. 21 Comparison of model test result with full scale test result—horizontal loading case.

5.5.3 RENELEBIIESWOFEROMISIOE “FIEROB” ERMPI-6)LDH#
HETEEZRU 3 RABORBOLDORKRKIT, BEERD, BXERALL, wInd, “SHELR”
ZRAORRED PJ6 LRAL /v R—v 2 VERODOTHE. £22T, Thi 3EHORRE, T4b

1.5 e
o |
//\PJ-G
/o—"""//
I /"/;/ \PJVM ’
1.0 PIVE
M P ‘ }
My B, +
L |
0.5 t ¢
PJVM '
PJVF
Pl-6
| 1 L
0 20 5 4.0
T (107%) —

Fig. 22 Comparison of tension-side flange behavior among the results of “tension
type” test, model test and full scale test.
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%, PJVM, PJVF & PJ-6, ito0\C, ZNoOERBELHEL LS5 & Lo, Fig. 22 T53, CO
B cHtEi, HVM&RWFKGwTiMMl%,HﬁmowTiPﬂ’%motoccm Mk, #
AmicERTsE—AY F, M, i3, HEGDO2WHET— 2>, Pid “SIE0E” ZRICHT33ED
H, Paid, 7505 FL— L OBBOBREETS S, %4, E#L,PJVM & PJVF ikonTi, ik
Dicbdh A AV TRULERTR, PJ-6 20Tk, BABLKOHTE, ZORETHRL xERTHE,
2EZNTHERL, WFLEHEELITRTHE., cORID, Chb3ERHBMAL —HLTVECE
Bbhd. LkksT, WENESZU 3, WEEEHBRDOBEABOEHERE~ZOIC, SEFK- -
k5%, BIEVE ERITAFPRLLOTHEEELLNG,

6. BIEDEHEIIC KM@

6.1 Yv¥ - RFT7F—0s “BEROE” KBk (PJ-0~2,8,9)
Fig. 23 %#BEILLT, ¢Ab YV Yy« AFT7F
—DREY ‘BRI RBRBIE, ZRFOBBERRL L
DAL T, FHEORLAN 20 DMNBIEHEDE P /
EL, COBSCBBBHETHANRES LEbA T - ¢ a
3. COXSBEAMOWAERD I, BEED ‘3I¥(
BEQOHIEENZ LENEE. CCTR, TOWHH
B OG)ERRDLITHBEEERLD,

f .................. (1)

zcic, R= @B OHE, P L e

t,=8ED, EEHW (BEAK) TOTEES, -k
oW HEELOWIEE, MBOY v SIKBRLT,
YU SR BORERD, WAZHETLIH, CCT Fig. 23 Empirical analysis of “tension
i, £AUOKBRRY Kk VBRFES LORAHE (ype? test specimen without
RHEL, ERECX-THRELHET S,

Z
+2) g XLB s (2)

BRAE  Py= (0

80«

%j:ﬁﬁ:Puz( +2) g XL B (3)

ccig, a=Fig. 23 |[ORLU A,
1%
6
o, =BIBEDRRICL > TRD 7, HHOBRRIEHE,

ChoDHERICL - TRD I, Py BLO, P, DfEix, Table 11 ¢ Predicton (Connection) DHiiC
FLTHB. 72, MUEFEPFOD, Prediction (Flange Plate) O DOKIEIX, EM» 5, RtAOEHHEH
B (P, 79 ¥ « v — FOBRRWE (P) BXORANE (Pu) TH2.

ORI, Ak, SEOLSRBEAREREVRESHNLLEINZODTHEODT, KERICED
FEHWATZICIIRNSH 358, Table 11 BRF X Sic, RHOBLREZSTB3RELTE, AHTH S,

CNEDEDID, ERTMOARE (¢,) 2ET LB bEAA4FDTH M, ERMORS () BEBD
BAHIE (b)) ERUD, 2N LETHECERETLVERDNS,

Z=b,x
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rigid

{0
il
N

tvo
o
n]

Fig. 24 Empirical analysis of “tension type” test specimen with stiffener.

6.2 Yyou - RFI7F—-0H3 “5EROE” HE PJ-3~7,10)

Yoy« AF7F—%ETLEABOES, BHREMEO D 6.1 0 (1) R) LRERZL, WH
HEKRLERS,

Fig. 24 02 KO K5 BARBICHL T, FRZEOLIR, YV« 2AFT7F—ELHFEO—BE &
o, THEEIK-SVT, Ch2BROBBRMICEBEHIS, BRIV FICX3HEEY 27T, V70
BRICHT 3 FBOHAE (b) 2RICTT,

b,=1. 52,/_r-_t,,+tb ....................................................................................... (4)
cTi, r=@MEOERE (FEEXQPLET),

Lb=YVv5 « AFT7F—ORE,
HoTEEEOELEHN, $PRecDABY LV IEBERE, CTCK, ald, VYV » AF7F—DIEDOEG/
XVNE (p=45" OfE) TO, THEHEOEL—n &, HFOFLETOERETE. ST, &
RDORXET, 77V ViIE B OMBRIRE 28T, COXIRI VI, 753 UDFEDH P HIER

Uiz, Vo7 OlE e OMBICbE, WFE—2> b (M), @ihmA (), ®AEH (@) 3, kRick
> THZbh3, Fig. 24 KHWVWT, ¢=45" ODNEEE— AV I ORMAEELS,

M= P(ml—%sﬂnsg) .................................................................................... (5)
a .

my= m(cos¢o—sxn¢o) ........................................................................... (6)

:—%gn D e L e (7)

Q =—IZJ—COS T T T TP PP P PRPIIPE ( 8)

T TIC, @o= BIEL DKM &RIKHEDLEA
LORXOBHEHIZ, 0i<e<0°—¢, &T 5,
COMENZRNT, Vo ryBHEOBGENE 0, 05 13, RATERD 2,
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Oy Og D~ o et (9)

e, A=Yy v 7 oEMEBEICE T 3 WERE,

Z=WiEFRE MEORRE, BTRIRRFEMITIE0ETS).

COHAOTHER, SRDEIELVLTVBRNEDOEROTE H &8 b KkoTHRD B,

RBRADERRTE Py, BAWE P, 2HET IR, HEHOIIBRRRICK > TKDHBRAIEHE (0,)
5300, BIEVEE (0.) 5,

¢,=1.50,, ¢,=1.50,
DEICKRD B,

Table 11 jTR& N T3 FE{E (Prediction-Connection D) i3, RBRAEOHIBREELEZEL T, ¢=
00=30° DM BILOVTHEL2bDTHE. CORIKE-T, HOMRELIK, Vv« 2F7F—0DK
B (t,) OXDChIrHET, ZORNME (S) Kk TERBEELHEMEICHEREL TS, Thbb, S
BREVES (30mm) 13, FEFREBHES—HELTVEA, S MAXRBICH- THEREG ERIEE
TELZHRELEL>TVE, CORVEBOVZET LI RHAXNORNS, SROBETHS 54, CORD
5z 32, Z2N0ETHEOT, REFICRFE->TELXZREV, EERI TR ERD 0 DRDICH
BEBOIEAE (f) 2#EHT 3,

6.3 $HEHE, HD0E, KEHEELRTIEBE

ﬁ@ﬁ&ﬁ,ﬁ&m,ikﬁﬁwu,%@ﬁ&,%ﬁ#é,H%ﬂ&ﬁﬁ,éﬁ@ﬁﬁ%&i?é%@f
HokDT, TLLT, TEBT, TNS5OWMAERDBEREFRL, RET B LT 3.

BOHBSIRBERSE, MEEEHTE0LL, BTENER, VbW3, EFEMITEEELE. &

NERFEOELEIC-HTI 0L L, ERAFZFOEELERT S L, BFLRHERRATELLONS.
M

T L, Z,= BHENEHREK.
WADHERZ, HEOIEVRRICK > TROBREAKHE (0y) 25,
M,=2,.0,
ko Tiiitot, COHERER Table 12 K4 TRINTED, ERBEEIRL LTV, BIRT
HEES 128D, HEHOFELRICL->-TH AR ERET S,

7. #& £

ELNEEERE HEERIE D EABOMEC>VT, AERICE->TBONAEELEEHEE, RO
S5TH5,

1) “BEEODE” ERICE-T, VvJ « 2F7F—0DHIERMIT, BOESTICHEL T, 20OMHE
RBEBEBICTCATVI L ESbh ok RERTRALLZLIBBRDO Vo r « xF 75— 20
T, ZDB/NE (S) 4 10mm BET, 25 7F+—%>0 % BMiz+oicEdoh, 2hilbick
MEEELTS, MAD LR, ThELH/FTEhy, BABOWMIHL AT, 75703 « L —
FOSHEE, VS e AFTF—DFERE 1S EHRSTVEEBDN B DI, “FELH” RBR
hkoab, PJ-TOLILERARMTH S,

2) WMEBARWOERBOFEE XN, EANLSKOHEBNICRIZTTIEBRAEL, COEIBHTICH-
T, BAEHMOWMHIZI LA TE, £, COEABOEL (I3) 2, TEBEOHWHE b.) LRSSV
DOFEIRTZOBBRGTH 5.

3) RFT7F—DORVEBTEAETIE, 770Y « L — FRFERICRD DOV TVE S (ABK) i
ARG L, COWMAOLOHBRENESBOMNERET 20T, CRIKHLT, [15HORE
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Z2HUINENH .

GENE, 50k, KEHEARZUIRAMOERMEELD, ABRCHRE L LS, RER
CHHIR D OEAHIE, REWICERTS, BEONERESSI TS, +9KLTH2 C & 10EH
L7,
EREROMLLENEROBRETLBL T, HEERDMSBAREDL tHEETEX500TEH
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