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Behavior and Comparison of Damage to Beam-to-Column Connections of Steel Building
Structures Observed in the 1994 U.S. Northridge and 1995 Hyogoken-Nanbu Earth-
quakes

By Masayoshi NAKASHIMA

Synopsis

This paper overviews the damage to steel beam-to-column welded connections
observed in the 1994 U.S. Northridge Earthquake, and this damage was compared with
the damage to steel beam-to-column welded connections disclosed in the 1995
Hyogoken-Nanbu Earthquake. Comparison was made from the viewpoints of materials,
welding, connections details, and structural systems, and it was emphasized that causes
that had brough about the damage differed significantly between the U.S. and Japan and
the differences stemed primarily from the design, fabrication, and construction practices
characteristic of respective countries.
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Fig. 1 Welded flange-bolted
web moment connec. (c) Fracture Type C (d) Fracture Type D
tion popular in West Fig. 2 Classification of fractures observed in the 1994 Northridge
Coast of U.S. Earthquake
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Photo 3 Fracture through column flange
and web initiated from end of
bottom beam (Type D)

Photo 2 Fracture at end of
bottom beam (Type
A)
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% %2 TWh,) %P Fig 31213, EOEEEEHIMBEICE W CHFEEARE TBI & n BT
HTBARZ PUVSRICRLTH A, INnhh, HREHEOREIMEE L ZUILEDRVI L A%

Acceleration (g

TMA Kobe (NS)

1
Period (sec)

Fig. 3 Pseudo elastic acceleration spec-
tra of ground motion records
obtained in the 1994 Northridge
and 1995 Hyogoken-Nanbu Earth-
quakes
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ﬁﬁ:%%%ﬂv%ﬁ%uﬂﬂ&Ekﬁ%ﬁﬁTbtbmwam~ou,%H@%ﬁi%ﬁ(@bfﬁ<

ZrThh, L LEEME ShAEHIE, —ICRRIGHATAE C FRIRIL b v KEDD HHEEHS
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), I. W. Fisher (V=4 K&#3$), H Krawinkler (2% ¥ 7+ — FRZFEIE), S. A. Mahin (B 7
F V=T KFEN— 27 L—#I%), P. Marnian (Brandaw-Johnston and Associates T~ ¥ =7) E. P.
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4 45~50 MPam FREEDOEEE U AMEE L 5 CVN Test for Weld Metals of
BAVIEERL, IOk WS AMET Damaged Beam-to-Column Connections
B, EETEOERL- MoRRas R TEWRRATRIRE
BEY 2/ 5 FOFEC LT, BREINT T T—T—T—T—1%
DICHTHHRTIL) DL EBRFE L, COFE 60 0 Building 1
ROMOEBRER RS ¥EJT, VEKE s~ e Buiding2 %
T, LEHOEEL LT, BEAREOS § | A Budngs o B i
B0T-4 L2 bu- FOMARRERE, Lh 3| § <
PEA A58 < AL b 2 %/ S VWET0I8 (High 3 ° 8 * : —20 §
toughness electrode) ® E7TITGK2 2 &% {9 & 20 < L] PN
EREEL T, o= gl @ °

R e S | | |

EREH fﬂa@ﬁ{ﬁ&-%ﬁﬁ’éﬁt HDOEER . - oS 0 70 50
RS, VW5 “Pre-Northridge” &IEiTh TEMPERATURE, °F
LEEROIIT ) BT+ M EEeh Fig. 4 Chalpy values obtained for materials of dam-

ART X Ao 2 E A NT - aged beam-to-column connections in the 1994
’?E@{;‘E/’Sé 4:514! %i) AR o7 SOk Northridge Earthquake (by courtesy of J. W.
NIBHTOT I 77 1 AHEES N0 E, ) Fisher)
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BELLN (A), B)id, RMIAHBMEELZEbHoT, RURIMHESNFET, GEEE
G B TORMITIRMREF A ESCL I ETHHD, (O, D, FZVHOSBEE— 2~ 2R
L, BUvEE, BEREEGRVEILE)BMEBALBITEELIETH60, ZLTE)R, &)
BHOSBEE— X ¥ F 2 ERCERL, 230 B CERE BHEANEBITSEL I ETHHDTH
Bo 2D HEDRLE AT A7:9I2, Engelhardt {EHIHE, EiR(A) ~ (E) DLk EFRA LG
16 RO VIEAER T ER L G5 . Z20RKE, (A), B)OFRICLBHERETIE, i) 7Y
R G T 7 9 ViR B L, RENRBRICERD 2 VI EPEE &I, (), D)DHIEL
BREAIL, TR LAEREERETRL, BHostd, 075 VETORSMEROLERIZL - TF 2
Zai, BRI RRERSES 54457 (Photo 4, Fig.5). (B)OHEETT T FORBEERERLL
%@@,ﬁ%@uuﬁ%ﬁ#%mﬁ%mﬁ@u;oTWﬁ%mﬁﬁ%u&oto

Specimen 7A of Engelhardt Test
(Strengthened by Cover Plates)
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’ Spec 7A i |
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-30000
Photo 4 Test result of beam-to-column 0000 s 002 001 000 001 002 003 004
connection strengthened by cov- Plastic Rotation (radian)
er plates Fig. 5 Moment - end rotation relationship obtained

for beam-to-column connection strengthened
by cover plates (after Ref.5)

THOERERL, FRUEC SAC AL SIC L AMORBOEERERERE 2, WERETIE, 4
BRAMEELRFEE LT, @88 Es " —7L— Y7, bL{dNrF (Fig. 6) THRTAZ L
2k o C, WHEALEER R 13 ) SR & BT S AARE D AT R BICE > T D (XHK6),
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DWTH, H)7 V=T KED Uang BiEEEH, H—HHRC X 22003 ) SEHRBERIII LT, A
LERIBES, —HORERKICITESIICMT BTN T 5 2 EREL T h, @INERTH
SNABEROTREER, T79 V%

A% 2inch LB ICEEH SN2V FH 1
F e DIZ UL 0.2/sec THo720) B I
-

1

HYSEER - HERIVTEER E D12, (RIS
BYTF 77 DAL, BRTEALICK
EAnhorz, BWKiIEADE,
MERCRBRENIEIY T 77 ¥ VICEE 2
S>TWeDIZAT L, BERTIE, Rz
AT T VICETERL Q&R
5, BN DIZ ) DRPLERBATEY  Fig. 6 Recommended details of beam-to-column connections
LWIFTRLHAHD, — T, BREEE strenghened by haunches (after Ref. 6)
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DFENIC L BIBEVEROE VL, MOTHEEERIZL ABEEROEVICEOINTLE I BETH L L DHE
HOMEVY, (2 DIRA T TORMRIZOWTIE, ¥ a— T 7 TRKED Leon BIENRR 5 7 E4ET ) #
SMOEBRERIE L. L L, WHEESIEZEWNEICIZIRT 2 2 BV RITORE 77771 2%
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BOTIE)DVRETH D W) MBIHESWERDERON TS, BRI AERE LT,

(1) TEFEXRBEHRT (MRS EHERT)

(2) FPERHIERE (Fr/3—2L) RBTAILIZL - TEREHETS

PEIFENT VS, ()i, ARERBLERTIEIL -T, BEMEHMOFERIFIRTE 5LV FIE
IZFEDNWT A,

WSE D 7 — R v THBELMD SR UELMEL, HETIUEIVESEE S0 L T
LW TH o7z /=AY » THENS 2EUEZELVER, BEOERBREBIAT, KiChiE
N7 &) HESEEISEIIER S NDIIE ST A%, WEEED O 1 EOEIE, —&kE) Thdlvor
FE7-BEED 2\ 1, WBICHEET A2 L /R SNTwz, Z2TH, BV G RIELS
VI BRI TW B ETRRE B D AR TH o 122 LT 2EEN LW E FI, LI BTl
AV E ORI E FBEL LIHEMSEEHOTO A EHEENTWE, UTICEEVRFTE
7B COMBRRE (WFROTIRETIEZEE LTW3) 2R d,

(1) Warner Center Plaza Building #2 (10 B# 5 — 2 )

100 mm BT BEMERIC BT AL VAT, T7 9 U8l, tL Ry vV v TR
WA BiRONTz, MY Z7REIIY 75— 7L — b ETUbEETE LTz, BRSO £
WMoz, FO®RITY EEHET ARHEIEITHTH 72, (1995 4 11 ABHE)

(2) Warner Center Plaza #3 (26 B#i5— % )

J =Ry VHETHER ST ROBEBOREEEY TH D, 23D 100 mm L& HEREHICST
B VBEET, TV > UVl BBEOE7 I I~DERLED) 1L TV, BEIA 7MY
FUTD—EEBMY R, FORI EEAET IHBIEITHTH o7 (Photo .5), (1995411 AH
1)

(3) Great Western Bank Headquarters Building (10 B#i5 — % >)

&t 650 FHTOBIBEENHE L FI, 2095106 FAIRBEIEN T 770 VICEEELT, By T oY
WZETLVAATS, 1994412 A 7 UK, HBOBBIEESBToh, KA1 A1 B)BAET, £5%°
{95 % DRENET LR CTH o720 B TOFBMOMEICIE, 75 Y 1.5inch EO H BMITEAH
LTV (BEWE TId %), H/5—T b — Mk Lid—% <, TBYIETT S L efiEns
§HE LTWADS, 300 EF D&k 400 T 2B Ok, T/EETEOBRELFHNTLC% (Photo
6). MIEEAIZ, 1B4MH/2Y 25,000 FV (FEOH 10 HE) LRELATHWE, 2B, T77VY
PEWFRRE, TV SRR, AEAEITHERLCLEY, BRL LTI Y UETIYELR
i s o/l ) BRI L,




18 FABKAIRATER $395B-1 F8. 4 (199)

Photo 5 Repair detail obser- Photo 6 Repair detail obser-
ved at Warner Cen- ved at Great West-
ter Plaza #3 ern Bank Headquar-

ters

6. BXIcHT AV EABBMIC A HHI|ERLHEX

WMTSIGEES | RIS DA L DI, /=AY v DHIRICHIT AELE R I ) BTN, FITT
WOF7T v It LT\, RERETEICENTY, AL IRAEHIN, EamITaEiAa
BEITE o THNIBE SN TV EELONAEAIE, RRVIEDVT7I v IIEabhl, Wih
TLTh, SEESE o — 2 UM T, HIZVERE, LIbIT 77y VOEERE £OnES
WETHDI LD, MBI L ABENLHILETII o7t LAL, KEOHIXEEHIIIEALHE
B B2 &% (I LU0t LG, BAROBITTIE, T75 Y Y OSEE LB RERE -
Tk b5V, BARDH W ESAIRENERAEN 2H LTl hid e b b, 47k<
&b BADEEEOIT S 2K X LR BHEAEN 28 L Wi By,

SEATM REOME W ESWOERAS, Fig. LITRT LI, 79 VRBETYITEEARVE
TEATLOIT LT, BAOHIZNIESHTE, HICBENZRASNLIILbH-T, WHhWABLY A
775 AR OBESEISHE EDS (Fig. 1) TR VSN IR 65, ZO%E
MDA, BB TR THETEESND, 3515, Fig. TIORT LI, DHERCLDHE,
FT75r URBET AL XITEARY 180 EEESEANT, T77 Y VBEOLV— MRET 77 v IO
BT P —B0T B, RICHE Lz L D, KETE, T77 v YHlm%ih L Bao—oL L
f,T7779?M,ﬁ%w—b%ﬁT7579@ﬂM0iUﬁ%té&ﬂ%ﬁﬁ%&ﬁ&%ﬁt—ﬁ?é
ZEREFTVY, HAEOHIZ DV EAHICBVLTO T 7 I v VBl St SO T HED, L7LD
FNEFHER IR VBBV L ERE LTV,

F-RETE, YITEDR CHENEN FOTRYD, YT TOMTE— 2 v MEFEEEELE, Th
FEY 75 Y IADBREEHEF AR L TN O—DTH B EHREN TS, TIhE, FVOXRE
2130 % b ORI D EATRE SR EEE NS B E VI TR CIBT) KL THIRFEN TS,
R0 B THEDESE (Fig. 7) T, YT 7bH77 v VICEEEESNTNEY, 727 PHHIC
(EERNDIEN P EES B 72DDAF 7FIRISRIT SN TRV I ERd, KT T ¥ P OENERHE
LT, SN TTOMITE—A > MEERL, BRELTEY 75 Y IDIEIEDS ST
Bt BN TRV L BESN TV, JL7HEEL) ZHITE-A Y FEEDL ) ICRBAL BN
Epid, BRISEAETAMFEREL Lo T b,
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Web-Bolted Flange-Welded Connection Through-Diaphragm Type Connection
(US Practice, Field-Welding) (Japanese Practice, Shop-Welding)

Fig. 7 Comparison in details of beam-to-column connections between U.S.
and Japan

EEERETHEEED D, ARV EEHOKRN—2E LTAN T » TOFEIBET LN, HRX
HG 9 TR VANT y TRHRRE, RAT 9 TRAELL LN R LA THI NS, XD ESED
METEENATIE L) B EEZ HhTWA, LAL, RKETE, AHT7 vy 72RESTEIERPLLLS
UBAPIECTEL LV, FOBRITEHL O TWALEERIIEEKE . AHT v TERELEDLZEN
5, RECBEIISRBI BRI AL, T 75 v VBRI > TE LRGN 2 ER U,
2K 5y TEAGERIGLASS L, T79 Y Y ORUDIR SN EREMEgEshs 2 & (U
8), LENZEOWHYE > Tb, FE, AISCHE GBI T, AW 7 v TEIR7 7 v JBERENS
v 7EO MU T #HEL T, 2Ty TORBIZOWT, BFATE, BATEO#
WAHEDLRVIRILE %5 T\,

KEDOTEEE T, O EEME T/ SR~ OMRER RO Tk o728, Biltld, 73Rb
V= DBWETR (TANVE—IRN) %3 HEICHED - TV, BARIZIE CUk10), XD RD>HI50E
ENBE—AY FDE0 % MENE—X ¥ MIET 2 HAMT 280 — it Fhid i e LT
Wae LL, /=AYy VHEGOERERR NS, SRV - ORI, BYRSBOLTII Y
RN (kink) & 725 L, FhATT T ¥ SIERAOIENERII DR B TREEATEVOT, ¥75—
FU— ML BREMRA LD EOT, GLASRVY — B S SRV REANEBUB Y 00H 5,
HARDHERECIE, 79— OIBWERCEHIF L 2V L 2FRE LTWwa2S, I IITRLKE
TOBE (Eh) (ZERE,

@%:*@fu,&uh%ﬁ%uﬁ%ﬁ%ﬁénéztb%h,%ou%tw7&~wF%§ﬁmwah
TWh, —FEARTIE, THEEZD LI VIBARIIBNTY, REFA (b L7V TY) FEBNE
ERTRE R o TS, AT —IBUBARICBVTEIL T ¥ — )l FEEEA SN, BEEEI
S UABFBLELZVI ESHELNICIRD, PHRTHELIZ kol KETIE, ARAVETHREY
ZEECEH o TV A I L ICHE R E LA b, HOBSI LTS — U FIEERIETT, REVRERIC
R’A) EIZEA TR, —HTC, REEREHE,S, TR LRV BEMICBN TS, BHE
BALHE LABEINL R E, KERVPLRABRESR, BEDYL — Y I NITHBENE
BHanTwb,

Bbs 27 A L RIZDR LA LIS, KETREEAHTRS TV IR TR AP R (R

__9_



20 AR KBFRATAER 395 B-1 F8. 4 (1996)

vy, —%, BROES —A VERIZIZLA LS TSN TED, AEERBITKEIDR S — X BRI
NTEBIICE . R REREORAE, RSBV TR CRE RWTH 2ERTBHIE, —HTK
WFEIb DMV L IR S h 5 = & R 2 UL, TREREYRBICRSZ ) & LIoREIORETEHIE
IS 5.

TEGEREATE N L 1L, BBk E L TOBEEIAEN 2R ENRDDH B, 7 ORHERT
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Fig. 8 Standard displacement history recommended by ATC-24
(after Ref. 11)
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