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EXPERIMETAL STUDY ON STRENGTH AND DEFORMATION CAPACITY OF
BEAM-TO-COLUMN CONNECTION

By Kiyoshi KANETA, Isao KOHZU and Wen-Chen LIN

Synopsis

In this paper, a newly developed forged diaphragm is proposed to improve the fabricating
procedure in the steel panel zone such as grooving and scalloping when the column of
rectangular hollow section are connected to the beam of wide flange section in the moment
registing steel frame.

Initially, mechanical property of the diaphragm was decided to develop the sufficient
ductility performance by suitable heat treatment after forging and the specific groove shape
was also decided to insure the good weldability in the connection, through the experimental
investigation.

Secondary, the subassemblage test using the forged diaphragm was performed to assess
the load carrying and the energy dissipating capacities of the connection in the weak beam-
strong column type structure in the event of earthquake.

This research shows that sufficient strength, ductility and stiffness of the connection can
be exhibited in the proposed beam to column connecting method, even in the highly seismic
regions.
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Table 1. Mechanical properties of for-

ged diaphragms

TON A
8 SPEC ELONGATION REDUCTIO] YIELD MAXIMUM
’ OF AREA | STRENGTH | STRESS
NO. * % kgt fmm? kgf/mm?
| SM50A

11% 11%% H‘g - Y1 24 57 32.25 | 53.06
S i /=3 Y2 | 23 | 57 |31.27 5212
of f il 1 Y3 | 2 53 | 34.06 | 54.31
| | N1 18 52 | 53.94 | 65.70
, 230 .
N2 28 57 40.22 | 58.11
N3 10 51 44.76 | 59.19
= = — - Y : heat treated
I 230 l N : as forged
UNIT: mm
Fig. 2. Test specimens of single bevel
butt welded joints
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Fig. 3. Effect of heat treatment on stress-strain relation of forged diaphragm
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Fig. 4. Test specimens of single bevel
butt welded joints

Table 2. Mechanical propeties of butt

welded joints

REDUCTION |  YIELD | MAXIMUM
SPEC ELONGATION OF AREA STRENGTH STRESS
NO. * % Kelfmnt | kgf/mm?
SBA 14 57 28.03 | 42.77
SBB 22 58 28.56 | 42.79
CBA 13 59 27.99 | 42.34
CBB 16 59 26.80 | 41.22
SUA 18 57 28.18 | 44.02
SUB 18 59 28.61 | 42.48
CUA 17 53 28.35 | 43.50
CUB 16 57 28.25 | 42.77
SBA : S: solid wire, B : both sides,
A : groove angle is 35°
SBB: S solid wire, B : both sides,
B: groove angle is 45°
CBA : C: composite wire, B : both sides,
A : groove angle is 35°
CBB: C: composite wire, B : both sides,
B: groove angle is 45°
SUA : S: solid wire, U : single side,
A : groove angle is 35°
SUB: S: solid wire, U : single side,
B: groove angle is 45°
CUA : C: composite wire, U : single side,
A : groove angle is 35°
CUB : C: composite wire, U : single side,
B : groove angle is 45°
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Fig. 6. Simple beam type test specimens (UNIT : mm)

Table 3. Welding connections of the simple beam type test Y-V R P—LBEEIAY
specimens — 2R AL, BYTHIRY
SPEC BACKING WELDING HEAT TREATMENT I AMEN T ABRET — TR HEH
No. MATERIAL WIRE OF DIAPHRAGM Lize ZRIZ & D Rz 2 REHOIR
A1 FLUX SOLID NO PROBRESHOBNBEERS X
VTR B3 2 SRR R R Bt
B-1 FLUX SOLID NO L, pOKRBRREPEBETAZLIC
C-1 %IA%ISES FIBER SOLID NO >, RO RAH T v IHREEE
KEAHeEONZNEERIC RIZTTE
D-1 FLUX COMPOSITE NO EriHoMZTAIEEEMNELTL
E1 | SLASSFIBER| coMPOSITE NO 3. TRTRORBEOMFREL
Table 3 2R,
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nic, BY —YRBPRER 7 7 YK
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iz, BRI 23 SES L PREFTHSCI D 107, BEAERES Fig. TIORY, BRE7 7 Y0OE
FEB A S N BEES -V 2R TRIEL, BI9FERT 4 V5 VERIR R TEROWEXIIENL
iR R, BV AT ADT Oy 2547 7T L% Fig. 8 WRT, MR UEMHIZ, HEMRPROK
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(UNIT: mm)
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Fig. 7. Test set-up of simple beam type specimen
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Fig. 8. Block diagram of measurement system

Table 4. Magnitudes of deflcetion
amplitudes (UNIT : cm)
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—-3.0
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(Length X width: Such as 5.8X%0.4w)

(UNIT : mm)
TEST SPECIMEN NO.Bl-1

TEST SPECIMEN NO.Al-1 0.8X0. 3w

5.8X%0.4w

9.7X1.0w

D

ol T 1T | . '
7

v 10.4X%0. 7w

Fig. 9. Fracture pattern (conventional Fig. 10. Fracture pattern (improved
type) type)

SIMPLE BEAM TYPE SPECIMEN SIMPLE BEAM TYPE SPECIMEN

180 29 18 21 24 30 33
B R e e e R it S suk ot O i S
' P S =
160 -——‘-F;D-—---g--—r—-—---—“- i  ma 120 'f‘l""jcoélVENTldNAL L1 — ¥ Pp.2, TEST SPECIMEN A
——f P L~ f - 4 - 4 ' T “ H
T v s A R S | i ] TEST SPECIMEN B:
80 F= ;--—T 7 7 Z 1 1 H | Y TEST SPECIMEN C:
L Yt . -/ ~f = = H 1 1 TEST SPECIMEN D:
o A/ AW i S o . + ; TEST SPECIMEN E:
IRV AT I /A = AN L N S TEST SPECIMEN Fi
WSV AV9 ARY 4 & /4 55/ MU R TN T "5 | TEST SPECIMEN G:
=80 pemabeofoyadfl o s MY/ -:...‘ EEC 5 \_ 2 (ZONVE,NHONAE JYPE R huenrars
7 A H H - & 1 ¥ 4 I5p ..
/AR 1 Z / ; 'S'tpp - 120 [-fopordo ey r Fo P
-160}--f== = T e b o=
I ey e sy Y O O O A T80 e ie 21 28  —ag 33
~36-30-24-18-12-08 .0 06 12 18 24 30 36 DEFLECTION AMPLITUDE (UNIT: cm)
DEFLECTION AMPLITUDE (UNIT: cm) [Py: LOAD CORRESPONDING TO THE YIELD MOMENT}
(SONVENTIONAL TYPE: = =~~~==-—-) [Py: LOAD CORRESPONDING TO THE PLASTIC MOMENT]
IMPROVED TYPE: s }
[P,: LOAD CORRESPONDING TO THE YIELD MOMENT]
[Pp: LOAD CORRESPONDING TO THE PLASTIC MOMENT) Flg 12. Envelope of reversed points

Fig. 11. Load-deflection relations
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Fig. 13. Test specimens of diaphragm UNIT:
plate with circular hole Fig. 14. Beam column subassemblage
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(UNIT: mm) Table 5. Diameters of circular holes and
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Fig. 15. Overall view of test set-up for
beam column subassemblage
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Photo 4 Fractured connection (conventional type)

Photo 5. Fractured connection (improved type)
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LOAD (UNIT: kN)
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{P,: LOAD CORRESPONDING TO THE YIELD MOMENT)
[PD' LOAD CORRESPONDING TO THE PLASTIC MOMENT]

% 32 5B-1

1, 4 (1989)

Fig. 16. Load-deflection relations
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improved typ.
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Fig. 18. Principal strain distribution
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Table 6 Comparison with experimental and calculated results of bending strength

525

Specimen Mmax| Mw ‘Mwsl Mp | Mps | Mfu | Mw | Mws |Mmax | Mmax
No. (t-m) Mp | Mps | Mp | Mps
D-N-0 11.76 | 2.67 | 1.30 | 10.38 | 9.01 | 11.18| 0.26 | 0.14 | 1.13 | 1.31
D-S-0 14.26 | 2.67 | 1.99 |10.38( 9.70 |11.18 | 0.26 | 0.21 | 1.37 | 1.47
D-S-125 13.56 | 2.67 | 1.99 [10.38| 9.70 |11.18 | 0.26 | 0.21 | 1.32 | 1.40
D-S-150 13.471 2.67 | 1.99 {10.38| 9.70 | 11.18 | 0.26 | 0.21 | 1.30 { 1.39
D-S-175 13.84| 2.67 1 1.99 [10.38] 9.70 j11.18 0.26 | 0.21 | 1.33 | 1.43

%, Fig. 19 3R 75V POESAFETH Y, FAE» S

o bipd &S WERS A TS, 77V DAATY

’ rop— = TECKELRBEIRELL I E8bhd, HRT 4

rs t . t  TOBE, BYTHAORENNSOD, BT T

YYOEOETENEND I LSER &z, Fig.

M sl o 20 BSRLVDRAMNT—EAKERRO—BITH S,

b ‘ Bhobhd r5TERIATLHBET A TDNZN

. . DEAMD—EANERRRIRBI L EVEDLS R

Fig. 21. Beam section
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