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Synopsis :

Kawasaki Steel Corporation has developed the new structural steel of 60kg/mm2 grade
as-rolled H-shapes. The steel is a controlled rolled low alloy steel containing a small
amount of V and Nb which shows the same mechanical properties and weldabilities as
those of JIS SM58 steel. And also the structural experiments of beam to column
connection in full scale model have proved that the new H-shapes are well applicable to

building construction without any trouble.
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Kawasaki Steel Corporation has developad the new structural steel of 80kg/mm?* grade as-rolled

H-shapes.

The steel is a contrclled rolled low alloy steel containing a small amount of V and Nb which shows

the same mechanical properties and weldabilities as those of JIS SM58 steel.

And also the structural experiments of beam to column connection in full scale mode! have proved

that the new H-shapes are well applicable to building constrution without any trouble.
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Fig. 1 Flow chart of manufacturing process of
as-rolled HT-60 wide flange shapes
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Table 1 Chemical composition of wide flange shapes used for experiments on controlled rolling (wt 253
_%g;;:::;egjjigﬂr' Si \ Mn ‘ P Si.} cu | Ni W v j Nb‘-wAfﬁiég;i
 Flange 'W]ffi;—w 0.38 | 1.38 i 0.010 \ ojaaémi 0.19 ‘ 0.30 {mdfbéi 0.042 lo.bll_f'bflg_

Web “?”0.17 li 0.38 ‘ 1.32 ‘ 0.006 \ o.ooa‘m 0.19 ‘ 0.30 |_71051 0.040 (0.046 | 0.43
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Table 2 Rolling conditions

Rolling method

Conventional rolling

Controlled rolling

Extraction of beam blank } 1280°C 1240°C
Number of pass ‘ 15 11
Roughing \ Tst~9th pass: 9.5%
universal mill Reducticn } Flange .,L 9. 5% _— 10th, 11 th pass; 15?\.’16%
i ratio o 1st~9th pass: 8.5%
! i wer | 8.5% 10th, 11th pass: 15~16%
| Number of pass ‘ 1 pass 1 pass
Finishing i 0 ]
universal mill l Reduction Flange 5.0% 0%
| mbo Weh 3.0% 9.0%
Flange 900° ¢ 750°C
Finishing temperature ——— e
Web 850°C 680°C
Sampling i ' 1/4B
position Conventional rolling Controlled rolling I:Q:E:
c 1/2H
1/4t 1/2¢
d

4
100 % *.
(% ><5)

Phote. 1 Effect of rolling condition on microstructures of asrolled HT-60 wide flange shapes
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Table 3 Effect of rolling condition on mechanical properties of as-rolled HT-60 wide flange shapes

Test

Yield point

Tensile Elongation Absorbed
Rolling method strength GL=50mm energy
position (kg/mm?) (kg/mm?) €9 vE_y(kg:m)
' Conventional 47.9 6.9 | 30 10.8
: . Controlled ‘ 53.4 67.2 32 20.8
N Conventional 5_05 63.4 33 9.8
° Controlled 56,0 67.6 } 32 20.5
m Conventional 46.5 67.2 ‘ 28 4.2 B
) Controlled 48.1 66.8 L 34 7.1
Conventior:;l 451 68.7 | 26 2.1
‘ Controlled 48.7 69.1 —! 32 5.6 B
B Conventional 47.3 B 69.0 ‘ 29 2.0
‘ Controlled 46.4 ‘ 68.4 -_\ 3 | 3.4
Conventional 46.7 \ 69. 4 '\ 3l 1.9
! Controlled 47.4 ‘ 69.4 ! 31 ‘ 1.9
E Conventional \ o Wl — } 7 —__—\_ 3.977
g [
~ Controlled | — — \ - \ 6.5
| Conventonal | 475 9.4 | 27 2.5
" ~ Controlled \ 50.2 1 67.8 ‘ 30 49
Conventional i — — L — ‘ _ 5.5 B
" | Controlted —— -~ — 83
_ Conventional | 46.9 681 | 28 3.6
! Controlled I 50.2 69.2 \ ‘ 29 5.7
— sampling direction : Lengthwise
+_
,%, b
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Table 4 Chemical composition of as-rolled HT-60 wide flange shapes

(wt %0
Location | Flange* Chemical composition ‘
of or ’ : s Cegp*
ingot web ClSi{Mn’P S‘Cu Ni Cr‘V'Nb'Al‘
Flange | 0.14| 0.41‘ 1.34 0.009 OAOOﬂ 0.19] 0.50 0. 15‘0 054 0. 042\0 052‘ 0.43
Top -
Web | 0.14 0.41] 1.34 0.010] 0.007 0.19 0.50 0. 14\0 054 0, 042\0 051 0.43
Check | Flange 0.14\ 0.40! 1.34 0.010] 0. ooj 0.19 0 .50} 0.14 0.052| 0. 042‘0 052‘ 0.43
iddle |- . e
Web ‘ 0.14‘ 0.41| 1.34 0. 010‘ 0. 006[0 19] 0. 50} 0. 14|o 052 0. 045\0 050x 0.43
Flange | 0.13 0.40 1.37 o. ooe\ 0. 007\0 18.0 49‘ 0. 14‘0 054|0 034 0. 051‘ 0.42
Bottom | L ‘ L
Web ‘ 0.11| 0.40, 1.27\ 0. ooﬂ 0. 005|o 18[0 48‘ 0. 15}0 053 0. 038‘0 054' 0.39
Aim ‘ 0.14} 0.40\ 1.40L;0 010y<0 010|0 20‘0 50‘ — ‘ 0. 050‘0 040l 0.035 0.4
Ladle \ 0.14 0.40\ 1.39! 0. 009‘ 0. 007‘0 20‘0 48‘ 0.14 0. 052‘0 041 0,045 0.43
JIS SM 58 |50.18/50. 55/<1.50]50. 040|<0 040‘ f‘ —| - ‘ — L~ = |=0.4
* Flange : o CeqmC+1/24Si4+1/6 Ma+1/40 Ni+1/5Cr+1/14V (%)
B T
Webj =
B
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Table 5 Mechanical properties of as-rolled HT-60 wide flange shapes

Locaftion.ﬁr ~ Test position - Tensile test (J[S No. 4);'2%3%1;?% ?]n?sai}oteig B
in(;ot Flange | pogition| Thickness| Direction | (ot (kg/mSmZ)i(%) é‘%f} 1.5¢ g(k‘f;;l) S
/4B | 174 L ‘ 8.1 | 664 ‘ 32 1 67 ‘ Good "E;E . +15 < —40
Flange | 1/4B | 1/2¢ } L ‘ 7.3 | es.z ' | 30 61| 4 | 5.0 I‘ +20 ‘ —35
Top 1/23 RV L 60 | o [atler] —|;1.4‘ +25 | -3
_m;§_;" 1/41? 1/2¢ % L ‘ 50.0 y 72.8 ”‘ 27‘ 55 ‘ ” "l 7.8"(___b 40
é 1j2H ‘ 1/2¢ L 507 | 733 | 27 | 55 ‘ T 5 4‘ —10 }:-416
| Edge | 1/ L 59.7 ‘ 29 ‘ 68 ‘ v 2037 =20 a0
| Edge ‘_m_l/ZI wif fi__w 57.7 70.8 ‘ 30‘ 69‘ ” “é 2| o k:-ib
i 1/4‘5j};ﬁ;}/4?;_}_;:f_%;g;ff:;f?;? A;L 66.4 ‘32 \69 ‘7i47} ‘_1§1§W -+167Fi 40
1/4B ‘ 1/2¢ L ‘ 8.7 | ‘31\ 65‘ ” 5.4 | 120 }-30
Flange f O
1728 | 14t | 46.6 \ 65.9 |32 |70| 4 7.3| +10 |<—40
_ _1/23 Y | L ‘ 15.7 EN ‘ p 48] 425 -3
Middle 1/43 ‘ oy \ éif 8.3 ‘7 67. 5 ‘"29 | 61 I Y ﬂ +30 ‘7—.{5
‘ 1/28 i 172:7 ‘ CC 7;” 8.5 | ‘ 68.8 ‘29 6| 4 ‘ 4.6 ‘ 4:2_5__-{:35
% | 1am j 1/4: L ‘ 51.2 ( 71.9 29 ‘66 " ‘ 6.5 l-+ 5] ~10
71/4?1 ‘ 1o r L _\ ) 51.757”7‘7 72.4 ‘ é?‘ 63| o+ | 65 l 0 ‘<:40
' 1/211 1/4¢ ‘ L ‘_ 50.8 ‘ 7 |2 ‘ 65 i ” 6.8 —-ﬁ5}2574;5

Web - e ! o B
C1pH | 12 | L ‘ 51.2 ‘ L0 | 29? 630 6. 4‘ ~10 |40
i/&k{m(__17é: ”(47 'éf_mm‘ 51.9 | 72.7 1 25\ s5] 4 | a 3\ -5 F::-éﬁ
1/2H i 12t . C | 526 : 72.0 }‘531'58 " \ 3.6 _6_‘i;é§d
] i/423 | 1/4¢ } L ‘ 4.5 ‘ 66.8 ‘ 31‘ éEW ” ‘ 6.0 ii;i};\é:-ao
Flange | 1/4B | 12t L 7\ 47.4 ‘"'65 2 |3 ‘_éOE o7 8‘ +10 1< 40
Bottom 1/28 | 1/2¢ _‘ L | 0 | 652 !32'[65| | 6.8 ;:L1$74i:§5
44474; yaH | 12 Lo }_ £9.1 64.8 | ééﬂ(71 ” ‘711.6 | —10 [<—10
e 12H | 1/ | L | 53.?: 649 |32 72 v 161 —15 <80

o © JIS SM 58 |26 | s8~73 I ' zes] — | -
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Table 6 Welding condition for maximum hardness test

CO; welding
Welding method Coveigfl are :
welding A 1 B
Welding rod (or wire) KS 86 ‘ KC 60 ‘ KC 60
Rod (or wire) dia. (mm) 4 1.2 ‘ 1.2
Shielding gas l — ‘ CO, 20//min CO. 201/min
Welding current (A) 17010 ‘ 345410 ‘ 350~ 10
Arc voltage (V) 24 ‘ 35 40
Welding speed(mm/min) ‘ 150 ‘ 220 | 500
Heat input (Joule/cm) ‘ 16 300 ‘ 33 000 ‘ 16 800
@———@ Covered arc welding 16 300 Joule ‘em Flange
O_ _"“‘O v “Weh
—a CO, welding 16 800 Joule ‘em Flange
(---3 : . Weh
A—h L33000 Joule em Flange
g0 O-o F T AN . ’ LWel)
-4
=
k=
=]
3
& 350
£
E
§ 3001~
g
E
3
=
260~
i I

R.T. 20

100

Preheating temperature U

Fig. 2 Relation between preheating temperature and maximum hardness
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Fig. 4 Definition of cracking ratio
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Fig. 5 Relation between preheating temperature

and cracking ratio

6
< D
e )
- .K-
' K
i
- ‘y;:\ 1.0

&
A A Section

Fig. 3 Oblique y-groove cracking test specimen



372

AR Bk HE IR

July 1974

43 HEE-—- FehlTFRR

A#hE 16 300Joule/cm & L@ 7 — 7 HEE
&, 16800Joulefem & Uiz CO, LS
¥ — FETREBRE T - 72, Fig. 6 iciiBBR ol
Rk, Fig. Tl iEd, ¥ Table T 1R
Epgb B At WE T — s EECTIERTLER
e s bhiws, COBEDRE, FEE

-4 -l oA T,
T T = R
A
| .
—A =¥ i
lnd L - - ot
(mm)
e w R
Flange| 40 5 440 \ 200 ‘ 4 } 190
Web \ 25 | 350 ‘ 150 | 3 ‘ 125

Fig, 6 Test specimen of bend test for bead

welding

Weldig method Preheating (°C)

Table 7 Results of bend tests for bead welding

BES0°C D% DA 120° LgiTs v—-2
—fmghsiRgE L, LaL, W h d JIS
Z3ABLTRENT VA4 —2 Y THIEOMD £
BEG0%) LAk - T2 0T, HEFECRO T
A4S L OB LN LRl e E 5,

240

|
Web l”

Fig. 7 Method of bend test for bead welding

(Bending angle 120”)
Test result

temperature Flange (¢=40mm) ‘ Web (£=25mm)
No crack ‘ No crack
Covered arc welding e B —
R. T " ‘ ”
(16 300 Joule/cm) S
” " ”
No crack ‘ No crack
R. T. e .
" {‘ ”
No crack ‘ ‘FTransverse crack at crater
50 .
) # No crack
CO; welding e Y e e
! No crack ‘ N k
(16 800 Joule/cm) : 100 D, crac o e
| ” ”
i No crack No crack
150 i
i 7 ‘ I
No crack ‘ No crack
200 e .
| ’
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to. MEFHOWE ~ 7 v FH% Photo, 212+,

SEREES ks kOl EAER DS LA Table 8 1o

Positio

X-groove

Shape of
groove

Flange-flange

X-groove

L -groove

L —groove

Fig. 8 Shape of groove for covered arc welding

|
'
H
I

Photo. 2 Macrostructures of butt welded joint (Covered arc welding)

Table 8 Results of tension tests and bend tests welded joints by covered are welding

Tension test Bend test*
. Face bend i 7Root bend - ‘ .”SVi;iieibiein::l
n ‘ Te;]tsrgﬁgth | Fractured |- .——- e !7, e ———— - B, e ———
I (kg/mm?) position } Bending | Observed Bending | Observed | Bending | Observed
| E i angle crack ‘ angle crack | angle crack
o T oweid . - e
‘ go.s | Wi | 100 | Noo \ 120° | Mo | 180 o
‘ 69.7 ‘ ” | ” i » | »” ‘ # | /f ‘ »
E— j— .- Weld —— N - [E—— | ————n | e ‘ — .
o8 | Vel | 1200 | Ne | 12° ! No | 180° No
‘ 69.1 ! ” ! ” ” ! #” » ‘
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Fig. 9 Hardness distribution in the weldments by
covered are welding
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Fig. 10 Results of impact tests on the weldments by covered arc welding
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Fig. 11 Shape of groove for CO, welding
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Photo. 3 Macrostructure of butt
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w, Fig. 12 <25 5hmd L3 CEEDOR S
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-
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HAZ gy
—— 2N

a0

WA

fal Zmm from the surface
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THAZ
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{Beam to column, CQ, welding)

Table 9 Results of tension tests and bend tests of welded joints by CO, welding

I
E]
Ll
=
2
2
R L 5mm
£
b (h: Center of plate
= thickness
P
BM HAZR WwyHAZ pu
300
i
el Zmm
i from .
230k the buek |
—_— Smm
i

Mesuring

position

Fig. 12 Hardness distribution in the welds by

CO. welding

Tensmn test

Bend

test

W'_El‘_ded ! Tensile .Fractured‘ Face bend*! Root bend*! . Side bend*®
joint strength ‘ . . . o .
kg/mm?)| position ‘ Bending | Observed Bending | Observed " Bending | Observed
i (kg : | angle crack angie crack angle crack
T .. | Base o ° o | o
Column 68 | T, 106 i4.5nun(Depo)‘ 180 Na 1800 | No
tocolumn o5 1 - _ 145° ‘67mn1HAz§ 180° :2.7mm (Depo)
Base i
69 oetal | 180° | No i 180° | No 180° | 1-9mm(Depo)
i 1.2mm (Bond)
Beam R (beam)_ s i I ; o
to column Base i |
71 metal 180° No I 180° i No 180° 5. 3mm (Depo)
{column) | ;

*1 Free bead test
*2  Guide bend test
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Fig. 13 WREESeMFEOHRABER LT T,
BENABEC BT LR 2L F— 2 Thi
BIFTHY, BEXRBEC IO OMELLL

AR loF (IR

(3) =wvo baRXTrEE
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Fig. 14 Shape of groove for

Crystallinity %

Absorbed energy fkgom

1w, -
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EERAMiC=v s te AT X EEYERTLS
&, MEFoREEEIEE L ER D, 2T
i, HEfo 7 3 v o2 AL TTHMFOERE/
ALFo vy b AT CEERTG, BERR
B IOEERBAY T - . BEfRY Fig. 4
I, BEESEEs Table 100, KiE~ 7 = EE%

U

0
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—in = u Ed) [

Fig. 13 Results of impact test

=

] b

Test temperature " C1

Copper backing

il

electroslag welding

1

— ] ( El It

Test temperature (°C}

on the welds by CO. welding

Table 10 Electroslag welding condition

Welding wire KW 40 C
Wire dia. 3.2mmg
Flux ! KF 100

Consumable nozzle

KU 1000 12Zmmg
550 +20A

Welding current \
Arc voltage 40+2V
13 +2mm/min

Welding speed

Heat input 1

1 000 000 Joule/cm
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Photo. 4 Macrostructure of butt welded joint

(Electroslag welding)

Phote. 4 ==+, Fig. 15 3FEERBROERE T
Hb, BEEEIILB0UT LA - TvE0, 8
EE oA ETOEREE Ees bh s, @R
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LT, BEEEORE R SETORENES
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HHBEE, 1xhic SM50 $RE% Hy BsD
BEERoBERSE LMELHRT S, ®KO
2 ﬁﬁa-)%%%ﬁf& 27,

(1) THEGPRMFER

B7s5ved, Chiclh fueiiihz 5 v
mEWEFF O R DRSS, ARl L5
EERFMOFIBENYETE L EOEEETTHERET
HERB.

(2} KOERER R AER

R ES 5 B S 0L 0 S48 oRIE,

350 —
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300 = 8

N, !
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Fig. 15 Hardness distribution in the welds by

electroslag welding

Absorbed energy (kg-m)

Test temperature {'C)

Fig. 16 Results impact tests on the welds by

electroslag welding
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Table 11 Results of tensile coupon tests
B 7 Number Ty gy cu st E
Shape i Member l, g;gg of Gy ‘
i coupons |(tfem? | (tem? | (% (% Tu | (tfcm?)
. | , | |
H-438 x 412 x 25 x 40 | X-type : columin 'Flange| 8 | 4.53] 653 2 3 | 0.70] 0.69| 209
HT 60 T-type: column | web © 4 \ 4.68 ‘ 6.70 ‘ 19 | 0.73 ‘ 0.70 | 2110
H-588 x 300 x 12 x 20 ' Flange 8 3.35‘ 5.46‘ 2 | 1.00‘ 0.71‘ 2110
X-type: beam '
SM 50 | Web 4 s22| 552 22 216! 0.76| 2108
‘ X-type: stiffener of
B-19 b -to-col
eam-to-column — 2 3.62| 519, 27 | 2.96| 0.70| 2008
SM 50A connection I
T-type: tension plate ‘ ‘

. Yield stress

: Ultimate strength

: Maximum elongation

: Strain at initiation of strain-hardening

: Young's modulus

Table
Tt

11 @, h-oFa oty Fig. 1T

5-1 T BS[RERITRE

5-1-1 EBREE
SEaAL Fig. 18 RT3 5k, BcEST
AIEEYE 60kg/mm® FHEEIZIL) OFI5RD 7
SV YT AT v~ PETS T, Shiy
AlER C Eic X HEMCRTEDIE A ET 2 X

Stress o (tiem®)

———  HT60(H-438 X 412 25X 40  flange]
 SM50{ H-588 < 300X 12X 20 * flange)
T SM50(B-13)

;.") ‘ m
Strain ¢ 1%}

Fig. 17 Stress-strain curves of materials

) [+
- . N
- L2 war - g
: |
[ v
. ol
! lH T2 X o TR H b j[
4 x ;
‘ Calymn
=]
{ ‘,ﬂ
Tensina plate 2l
iz
-
\ [
_ =
A .
¥
Piload)
Fig. 18 Detail of the T-type test specimen
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Table 12 Welding condition

Welding wire | KC 60

Wire dia. l.2mmg

Shieiding gas CO, 20//min

Welding current 255+5A

Arc voltage 23V

Welding speed ! 200~250mm,/min
Heat input ‘ 15 000~18 D00Joule/cm
Preheating temp. ‘ 100°C

S Lt BREEET-4503, BEE S L — FES op
b, BREHSIUIEBECE L & %, HE
Wyt e—2 v Me B IUBRE—A v b
Mo w205 X5, FRRBET-7061, oo 2K
HIZBELC L2 HERA My /e 2 L 53 E L
oo GlR7Vv— POBBEIKELC L2 THEY
HHBET, L OBESHLY Table 12 x4+,

BRI 1000 t MAMABRE CITy, Fs,
FEOBEME TA T —STRIEL, 2IEF L
~ MO AR EO TR BEEY DTy — 2T
M LA,

512 RERRELIUVER

Fig. 19 Wil &P r ZB@AEOHRibA 4o O
BIEA T,

T-4511 P=200t TEERL, BAFE P
=386.5t TEMU T 5 v O REER AL Ui,
FAT-T0RP =170t TREMHR L, X P=220t
Bl LR OGE AP ELTI - T 5,
EBgP T AT RCTEHEGY A L, SEAEED

PINCE A -7z, Photo. 5 i, T-45 »3E
BoREYRT,

Fig. 19 7 LM HBML 5 7clit ) & B4
RO LR, Tl 0FB T, HER
D7 FVIREEROMEE CELD L, 3T
TREB L Ao B, O EREENATEE
P, 2O LB R, Y H AR S
ELTHGEOQLTHATES - 2 bt

. . P..(T-45,70)
AOF T T T T T T e oo R e

- - ___..,,,EEQ(IZZ‘_S_)_
S —-P(T -
P, (T-45) (T_45'70)

Py, Caleulated lnad at which column reaches elastic limit
Pyt " ” # column is fully plastic

a2 " ” * tension plate is yialded
P “ L » tension plate is fractyred

0 0 iy
Deflection 4z (mm)

=
g

Fig. 19 Load-deflection curves for T-type test

Photo. 5 T-type specimen after test {T-45)

52 ARTHEREARR

5-21 RBEE
RE{EDTE B DO, WE s Fig 20
R, REEME SR S - it L g
o X1, ME»S19mm 7 v — - (SM50) %
HCCHELLLD X200 24T, CO,FET
WAy Tl Wb 75 ve, 2xr/—vasry
FDHT 7 VO OBEEMTOBERR, HE
i, TRIIEMTFHRBRELR LS 5,
BWHEIL1000 t BAEMFBRE T -, Fig. 20
o DGS5~DGE 1154/ — vodlES T
# 5,
5:2-2 EREBR
KBERC oW, Fig. 21 CiiB P L4 64%
¥ 4 ofGEEy, Fig. 2210 P LixL v/ —vD
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19%0

‘Load
i

Loading beam

=]
C.:!
B / )
H—433><412><25><4(1(HT60)' ¥
_ . (Calumn) HEs
b1

DG I Dial gauge
{*x ) Steel thread

1950

650

T

Fig. 20 Dimensions of specimen and general layout of X-type testing

400

P, ! Design load

Experimental curve
Caleulated curve

W0
B, Caleulated load at which beam—to—columa
= connectior starts yielding
a Py, Calculated ioad at which heam starts yielding
P -
LR o SR BIXy T Py (X1}
R
PiX-1

A

DGLIDG2

1 /DG3(DG4)

L
0 a0

190

Deformation 4 {mm)

Fig. 21 Load-deformation curve for X-{ype test

T 4, 0BGy R, X-1 Tt P=220t 5]
CHEEHAEALIZUS, MERESVEMTS
2, P=340t OB ANETT 5, TDEH
Lot — R L ied T, Fig. 22 26
LE LA TH D, BEBELLY 75 Vo OEE
B EET DIEHT TR D, Poax. =3488.3t TH s T2,

WEEH A Photo. 6 g, X-2 TiLEY 390t
THRENEETE, Proa, =M. 3t ELLER,
Wb OFRE T 7 v ORMEESE T THREL
to, EFfooiga v — vk Fig 22065 E bl
Lo SRS 5 L0 s, BBERNY
Photo. 7 w1,
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Fig. 22 Load-deformation relationship of beam-to-column connection

Photo. 6 X-1 specimen after test

5:2-3 BTkl UER
X-1, X-2 R Houn T, MK s
A SR LUERLHE RS, FRELLEL
EEHTTLS,
(1) :nay— Ol
REE RO L A& 7 — Vicf#h{ f1%Fig.23
oYX 5 CERT S, & b o)) (N, Na),
AT (Qo, Qu) i FE— 24 v b (Mo, M) %
TR TELENRD,
Ng= Pcos?d
Qo= Pcos®-sinf
Mo=Plccosf-sind
Np= Fsin’f
Qo= Psin*d - cost
M= Plysin®f - cost

Photo. 7 X-2 specimen after test

SRFA S - VICET R AN Qe 1EIRY TE
BbEND,

@C= My Qo (2)
P

*footka s - VORTERY Ao, BREEKEK
=Tmax. [ Tmean, W AMTHERIC T E Ry, A AKT
BEEY T &5 &, MERR, 2ERERKRE, SR
IO A — v AT Qo Qo Qs X
@Bk THEbLER, )R LV BEMOESKE L,
@Clzry'ACPlfK 1
Dos=1y+Ago SURRUOR (3)
Qc:sifu'x‘lcy J
(2) HEIowbh ofh
. ) O¥EEY Ao, As BIEHRE A Zo, Z5
BIER LB ORABEY o oz T 5
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Peos? 3\
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M, !

k) Ta,

H

Fig. 23 Idealized loading on X type specimen and forces acting

on the beam-to-column connection

L, SEPETR S 3 LU F o)l X (U5 24 ol .
Mc/Zc-}-Nc/Ac:O'yc (4) A|;""E i i
L - ; g
M| Zs+ Noj Av=0gs | T
LoBoh, ¥REMAOLERTL L, SPRRE 3 S r
TOM itk <— 2 v FMop, Mar TEF 5, - o i,E J}, Yoy TTeel
! T8 T
HE TR N Table 13 i, Y e
R —ue ~
(3 EWOHE . PR
Fig. e AR O ER A = 7 4L L TR Lic, 2 N
R s\ T ‘\
A2 : \
TB:‘ '_Or L E A
#2_‘_;{2
2 Fig. 24 Deformation of beam-to-column connection
roz‘az‘ ;{2'7 Y e (5)
o= L (B BR LD ARy — VOMEER de (2R
2
i THEHIND,
LAWY G LT5 k J 22 0.
~ =20= . e
T=Tmuun/G:QG/ACP‘G (6) r ‘\/#2-&-22 Age- G (7)
Table 13 Calculated loads (unit:t)
: ' : o Beam-to Experir;ental :
Specimen . Stages i Column Beam column ‘ Eesllgn lsoad
name : connection © Yield load . Max. lead (A. L J Spec.)
Elastic limit | 610 2329 0211 !
X-1 Fully plastic | 892 , 389 2241 220 : 348.3 174
Max. strength ‘ _ : — 0347 '
| Elastic fimit | 610 | 320 2377 i
X-2 ' Fully plastic | 892 2389 531 390 | 448.3 188
. Max. strength I — — 731

o The predicted loads for

the specimen to undergo in practice
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FICHEERC BT 52 FEE 4 (Fig. 24 OEF
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SR X A BRI O E-THEHY Fig. 21
VR TR L,

FICRBEEORRRECERT OV TEL .
BEOCHBRO S50 — VIir B S, W
PERE L AWBHET ORI aEsh T3
DT, RBRERED TR THEEREE LD,

(1) BOEHE7 V> ORTER

(iiy 1xh 37 5 v O EKE

(i) <&y —voERK b, (iam
ERAMFFIERD I L BT

ChbORBRECET LRI HED 7 T v SR
FROTEE Con 1 LEEERLYERT . (12,
(i) =ik, #Ee vo Ry b, BREEE /
=Mpe/Mpy 15 &,

Mo=LIL=1/F) oo (12
dis BTIL Son ix—H L L, TOBOEMe v
B KEERA for (1

QCR:A[P.E;CR,{# ................................. (]_3)
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FEND,
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Fig. 25 Observed deformation of beam-to-column
connection and strain distribution in tensile
flange of beam near the joint to the column
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Table 14 Calculated deformations

Specimen ‘ Elastic range Plastic range ‘ Max. deformation
pame | d \} dr QT @ &) ‘ Theoretical ‘ Experimental
wq Lo P | P ] ] 2a a1 | s | s

DefOf%ﬁfﬁg? | 0.0315P | 0.00s38P.  — | 831 | 332 1610 | 112.0
ey Lo (O | P ‘ P } ® | - 1 - | 389 | 448
Deformation | 0.0%827 | 0.00174P| 110 | - | w6 4.1
4: Deformation of specimen
dp: Deformation of beam-to-column connection
(D: The stage where heam reaches to full plastic moment
@: The stage where beam-to-column connection reaches to full plasticity
3 : The stage where heam-to-column connection reaches to ultimate strength
ETB L, DI LA, BT+ TEATE S bl o
Por= (TCR+7’BE)/JS ........................... (15) e, .
Si=poteopon = LhGron o) /45 gy X EERSEA T =V aERIERICS D, B
EOEEILY OoERCER IR T2, T7b
W=EoRFE; (17 , U?&@{tﬁ%&jﬁ%ﬁ:%_)‘ v R

CDTTFUPEDGTEIT R R B L, B, BHCER7 VO ORSER A A L Tu

_/jS'_—_(l_l/f')S:S/g ........................ (18) .

X188z, s v — valBRL, 1o
HHERACHZ 55, DR T =8y &2, (1§
~WEHBLIVERT r=rer B EEOXL ML
BERBERARDL BIE,

-2 BB A 7 — v HBEER, 110 2
RIKBBTHDHE, (D, 4, 8, OOEXHLE
BEEIRDLRE,

LI L DEtEsER % Table 14 4 1o Fig. 211c
T,

(4) EER{EEZIEED LB s L UTEE

MBI LTk, FERIEEFEMET L < 5L
T 5, X-205MEEE, o o aE
RL T LD TRAMEDERMELFEEL Y X
o,

ORI ERBELTRBELS L —HKL
Tuwb, X2 CikERENCPEHTH L, o
ik R — v ORISR 100% Tlol iz
EBbR S,

X-lupsdmn s — v rRR L, @i cois)
oty — v ORicFi Eh 5, Trilinear

X-1 DL, kA — v Dk & A
AT L 230 7 5 v o OB TtH 508, BREW
BOHEERY» D, LEAEM =T b L
T, 2O ENTHHAZINE Z & & b
oo Tl X2 mwowTd, WV OERT T VY
DRMERERQCRRO-T40 65 E LB EY
B, EMiEE L& - TV 5,

ElL, ZCPFRES 52 1 h OEGHE &« 18
ELAFR T T, SEHAELLIERE 60
kg/mm® EHBHME AV--RE8ES, ®hH %
& LB EE - ERES DA%l RS
Mg RV EST, T EREL D
L EPNER IR,

6. ¥ & &

AEEELFERE 60kg/mm?® §REEE H R
i, Bl EoEER L, T, JIS o SM 5B iy
TAREEERL TR, MEhcHEL LT
GIEE LEREYL 2o EAMRE IR,
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B, ¥ L CUBEERAEEC LD-RHITBCBL
Fo b X O HERASHE, &P REREBORE
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%,
BErYTes s L cBEGRL, BEEEHECD
BAL TR REAOKTROE L, BiE
BT 3 ERICH LT E e e R
TYEAEBEAHFCREHELET S,

2 £ X B

1) foEds DS @hs KPHEAF ISR 10, BIUXOEGHOFEIOVT Fo), #

EromuREE, (1964), 101

2y TE 4 PR MEEE - BEEE (A —v) ORIIoLT, AT 4, (1973). 48
3) L. S. Beedle: Plastic Design of Steel Frames, (1958), [John Wiley & Sons)
4 IEM, SEEE: REFOERENCOGT. BEFSHTREE, (1968), 147
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