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Abstract

Traditional steel structure beam-column joints are mostly formed by welding and prone to brittle
failure during earthquakes. To reduce property damage and better protect human safety, research
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on relocating plastic hinges in beam-column joints has gradually gained attention. The relocation
of plastic hinges in beam-column joints is influenced by multiple factors. This paper summarizes
three scenarios: weakening H-shaped beams, strengthening beam-column joints, and a type of pre-
fabricated replaceable weakened joint. Among these, weakening H-shaped beams include weaken-
ing the web, weakening the flange, and combined weakening. Strengthening beam-column joints can
be further categorized into enlarged flange type, cover plate strengthening type, side plate strength-
ening type, rib/stiffener strengthening type, and combined strengthening type. These three ap-
proaches shift the plastic hinge from the beam end toward the mid-span of the beam, achieving the
effect of relocating the plastic hinge, which aligns with the design principle of “strong joints and weak
members”. Additionally, relevant suggestions for future research are proposed.
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NS PURAE R, RETWARLERWEEZNME. CRAERmSE. 39571144 7188
fr, R PRHESRAAR Y . FERRE R RO IR, 1 SRR AR TRE B S FE MR TR, b e
FLAR R s m] LAy S5 A HE S AR KRR BEAL AR, 10— I8 1A 9% o U RT3 50 A A AP ) M 2
Wi o 3 — [ B IR AR 26 [ T 1994 AR AR I ARUE R AT H A 1995 AR BB bR h B R T, KE
(153 B R A8, 2, KR DT B RS A ARG TR, A% SR BT I8 R AR A AR
FER ) PP SRAE ™ A B ML R T R R B BUI I A PR RE 51 7 AT TR R SE P s B T 75
Ko IERZET ERBRAON, BRSNS 8RR PEREA PR BT B I 52 IRk
NIARAN S I HUR B AR L 22—

2. H Bl RHIs5E
2.1. H RS iR A5 Y

T F5 AN (L1065 P AN ZE AR [ AT — A TE AL AR AE SRR AT 0 EE (0 ] 1), dd 5 5T H R LI AR R /N BA
J 5 AL 0 B B S ) BE B N AR B (RS H AL 1), X% 85 84 7 s AT (IR S A 80k, JFR A
ANSYS. ABAQUS SK#HATHFEAXS b0 dr, RGBT I 7% s i) 122k RE . REGR W], RN L
BEAT LA LA 2t 5] S BB VR AN RS, I RO RR IR AR = ph 2% i A 5 AL P R S B R 7 R T LA = 38 1) T
HAEIR . MRAESUESE BB R (W& 2), A EH FR-5 HLER &% /7 203 KN ELbriEiR 1 FR-1 AR
7] 213 KN FFE 729 4.7%, A2 FR-5 M KA 16 mm LuprdEilfE FR-1 128 KA RS 11
mm 5 45%, I8 kA D R A PR R B R BB K R B RE ), TR TR SRR SE AT AT . HER T
PEBLIIAT BTN ZL 1) ZE PE 20, i ABAQUS SRIFAT VB4 AT, A B4 B VR A B FE 9 £ 400 mm B,
BIHEZR I SEVE LS T 1.48 1%, {HIRZRIR I TR 6.2%. 8 SCHR 45 H AR 51 FL BLA% A 2 WUBUE Ve [
FEALEA S I 0 R AR = FE Y 0.55~0.75 %, FFALA G A B & 3R H s i o 0.75~1.15 {2 MR = B, o)
TE/INIEATG A 7R3 T (<8%) I RTHE T, R E IR TH S5 M S HURE MR .
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Figure 1. Beam-web weakened beam-column joints and standard specimens
El 1. REREISFEZET S SRER

Table 1. Specimen number and related parameters

F 1 AHHmESEHEXEY

NG FRER JEAR BT LI 9575
RS FR-1 FR-2 FR-3 FR-4 FR-5
FLEE/mm \ - 200 200 40 400
fLA#/mm TAL 100 150 100 200

Table 2. Bearing capacity and deformation test results
2. ABNETHHBRER

R M BR A JI/KN S ERIFEI(KN-m/rad) vt e KALAS Imm ¥ 25 T4 frad
FR-1 213 16,632 11 0.01294
FR-2 192 14,364 13 0.01529
FR-3 183 10,766 135 0.01765
FR-4 168 15,623 105 0.01235
FR-5 203 8688 16 0.01882

FEIT JUARE R 2 2 PR UL b th T, 2R AR &5 [ 2] R BRSO FLE TR SE 8 9 7532 T e 5 1R
=N A RN E TR, DITAEEE [SPR R IEBOT ALK E SO 26 AT AL, DL ST A [4]
FE 53— SR R R B RSO IR SO PR LSS, A8 I 3 RO LI AR, SRERFEAFTE
RS R 2 P RE R o

2.2. H BIREREHISS

Xof SR I B Gt AT 1 55 P LA S AT ) B M AR R AR R, TR B PE BN RS I AR, BT HI
g9 — N 2 RBS (Reduced Beam Section). #Zx T £, 5 3 2% J5) & JT A8

A T[S 5 R 2B R B 2 (0 2)80 1 AME G R 41548 1) 99 3 27 il pF 3k 474
TR (S SHNE 3), EAREEE MBI T T 70 o B R Re A AL, e a5 R B Gk
BRI 4), XA ST-1~ST-5 ¥ ML T 0.04, H/ME ST-4 1) 0.041 2L 50
0.026 1) 1.577 fi, K] ST-2 (1) 0.059 AL Gk 1) 2.269 fif. Z T E RE I KT 4.0,
MAERIFEE R BR A 2.4, ZHANRFRRENERERMESN) 1917 £, H/NEMEREZREST
1.667 f5. FAEWIRAMTER, 154081 A PR 302 12 AR B R R 38 1.010 1%, 2 iz A MR i
NIRRT B 1.125 £, 3X 7N ANIRBR Aaf 20 b A 2l , PEAT /D B a7 R e UK B I M, AR ]
PABERZ I o % AR I 3R 95 X R ZE R e il ST-1. 3 MRE8AL R A TP~ AR AR, W 7 A5 4% 0 &
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Figure 2. Detailed construction of node connection
B 2. TR apiE

Table 3. Section size and weakening parameters of the specimen

=3 AHBERTREISESH

" — o AR HEHIT A HEHITGRA RHEHIEHR
R oz i) R o A K (b) 1 (0)
ST-1 HN300 x 150 HW200 x 200 AR 0.73 bf 0.6 hb 0.23 bf
ST-2 HN300 x 150 HW200 x 200 AR 0.73 bf 0.8 hb 0.23 bf
ST-3 HN300 x 150 HW200 x 200 AR 0.47 bf 0.6 hb 0.23 bf
ST-4 HN300 x 150 HW200 x 200 AR 0.47 bf 0.8 hb 0.23 bf
ST-5 HN300 x 150 HW200 x 200 AR 0.47 bf 0.8 hb 0.27 bf
ST-6 HN300 x 150 HW200 x 200 AR 0 0 0
Table 4. Comparison of test results between dog-bone joints and traditional joints
F= 4 AFATaEEETaREERITEE
S WeBRA A SRR 8 ARPRAR EARDIES MR WMEE M, @R S
B TR AN PN A mmo Admmo g drad  em)  Hop T RBIAE 5
M 554 BB — € 1R &8
ST-1  106.2 85.7 774 17.6 0.052 159.3 4.4  JEh, BEHEETHRELAN
188 R TR
B H 5540 H LRt L4,
ST-2 1011 86.2 83.1 18.1 0.059 151.6 46  WRUERH RN, Bk A
P T LG T A IR
TS 0 55 4 e TR R e e, 2
ST-3 1024 81.6 65.7 16.0 0.044 153.3 41 SHEBETHERZNESZLK
R
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T 3340 B i, 5 S
ST-4 983 84.3 64.0 14.9 0.043 147.4 43 MRS, R AR
LR

B AL B IE i, T AR
ST-5 954 79.5 61.0 15.2 0.041 143.1 40 R EIBMER, REAE
LR T-E7N

RERERENT HEE80
ST-6  107.3 88.9 395 16.3 0.026 160.5 24 HIFH, R&ASEEER, L
B B IR PR Y,

FEG AR AF 6] ST R L 0 s R R ARG O, B B2 SR, (HE R 1)
IEVEVERERCE, IR SEE FE IR TR U CORAR (04 B 235

FRFF71EE 20 DNREIFA RS EU ALY B 55839 S AT RIR W 7T, FFMURITFLHI 951K
AT AT XL, I ANSYS Bt BGIT LAY AT pi S W S AR RN R N AT 2 e Sk
R R4 5,

Table 5. Performance comparison between perforated weakened joints and ordinary joints
5. FILAEISS TR EERT R IERExTE

FL YT RB-z (JTfLHI 55 7) RB-base (i 15 ) R
RIIRZ ) BORB AR M BUEAL T R B4, SRRy B T R A 0 2 Pk e B A — B, IR4LIF
(<0.02rad) N/ 5 RB-base FAMFA.  ERZAL. AR PRI AR I R 3R T -
R B KNE 3 2 ph A T R i S A 1) 3R SRR X R B A AR AR RN SEEL T BB X Ah S, 3K
" GITALHISS X Het% BRCR ML) - FEZBHZ 0 H AR
P 370 20 T 2 i AR O L (R85 AR AT TR I B AL ML T RB-z HOYBPEA A B R T 42 1
D) PR - FRIBPEES o T, XHRESEL A

A TGS AR AR (K e 2 ) DB, IR SR IR SR 2 m M8 RB-z A7 R0 FRAR T IR EEIX (1 28 1%
PRAEDCIROL T IO BN e N BRAL, BB TOR NAR, JFHENGRILBT B, A8 NAREE AR, BRAR TR ARG
. K. RS o

PRMEECREUT AR, AR RB-z M 4E P R0 RE BE AE I T
TR, 5 SBURLEITEL, X RB-base, SHAFE “ 311 ni\ 5544
TURAR B BB .

i 55 X AERE, BVE R R 780 Hom B
T RZLIX, R A .

p U AT DA H 2 3R T FL 2R A5 AT DL M A5 8 1k A e R B B T FLI AT AL, 38 G0 i b P 4
PEHT R A W RE UG VERIR . 12 U A A S E S B EUE T, B S5 K R Ac BN 1.3~1.5 %
H%, JFLEAR De B2~ 0.125~0.15 f# &k, fLiAEE Be B 2~2.25 f54L4%, FLIAEE Le BN 2~4 i
L2, JFLEGR RN 4~12 NS HE 3). 4R N2 E IR TR UL T BRI vk, IR R &I
FLAEIAVE RIS A2 B 1 AT R A a2 1 BO& R

PINE TS5 [8] B R L B FL TR, eSO AL AL A H A el 1 e, L T 4 AR A1 19 MR,
Wit ABAQUS BEAT & far 2., S 2 A R FIIR S ml FL (B 2R3 Vi, R BRI B R AT
(AERERE D ANENE, IF Heh TR S8 OTFLAE T R A A R S BRI IE s a ST
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Figure 3. Open-hole top view of the specimen

B 3. LI E

7 JUCHE [91AMEL M7 158 FL3E 70 A A Y SLAH [ L Ay 22 PR RE AT AR ke . T8I ABAQUS BRIHAETRIA
i A R XX LA AT R LE B, AT A 10, MR FLASEE R R, M R AL IR AL R e 1
RHCTIE 17.12%, KESLMEFLREVETE BRSO, (HEBORBE L. R theg 7 ITLPE. T
EBERE

2.3. H BIRAEHISTE

Qiao ZE[101W\ AL Gt it 21T s A2 2 4% L5 U5 AR 3R BRI — r) @, T2 72 B G 1 55 1R 1 00
N, WEARIEEAT AL, XA P DR T AT S AN PLEIR IR ST X 9 ANASRIAAE AR AT T
FETHRE—F IR, X 9 MANFEIME 1R ARG 1 AN JEHI 55 10 & Geif 81T SU(RBS0) 1AM 3 2141 55
(747 RU(RBSL) R 7 AN 3 25 11l 55 5 B AR T FLIEAZ I 44 11 55715 A(RBS2), it S 1 g n kv 77 =Xk e L
PRSI SV GE R IAHLEE . IG5 LR, RBSO W1 R A M tEIE4EWT R, BRI B RS N3G I 12.4
mm, HPUELLFIERAE 7 . RBSL W (PR S i Fe 22 K 55 X, O PR AT 2(217.0 KN) AR B
£7#%(236.7 mm)Ek RBSO #2751 T 25.1%F1 28.2% (Xid W7 6), Pk R b EE 1T .

Table 6. Mechanical properties as crack appeared in beam
= 6. RIHMHISIZEERE

w 4 M N

Specimen ID P (KN) (m?n"*) (rz::ix) (kNm-:w) (kmNaX) Failure mode

RBSO 173.4 184.6 0.121 49.8 295.2 Weld fracture

RBS1 217.0 236.7 0.156 40.5 852.8 Reduced flange fracture
RBS2-C80-D180 130.4 2545 0.167 36.2 3725 Reduced flange fracture
RBS2-C80-D200  162.0 2722 0.179 39.4 464.1 Red;ﬁgrgzrﬁ:bfrofgﬁ{sgthe”
RBS2-C80-D220 213.0 228.1 0.150 45.7 492.3 —
RBS2-C100-D180 156.0 239.0 0.157 42.4 396.7 —
RBS2-C100-D200 194.8 279.8 0.184 41.9 466.5 —
RBS2-C100-D220 150.8 2835 0.187 435 380.5 —
RBS2-C120-D200 157.9 282.1 0.186 51.2 395.7 —
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RBS2 A HI 591 F R I H et S R ZE PR R, BL RBS2-C100-D200 FIRKFRAFZIA %] 279.8 mm, &
RBSO ] 1.52 %, FFEL5 ISR IEIR [ FFFLAC NS 1, FFFLIE B 45 b i i RR 8 T RERE, TR
JERI RS IS 47 mm, I KT RBSO #1 RBS1, @il IPTES I RRe /1. XG4 RBS2 ik {4 IR
BIG T REHITIX AL, FLEEM LM R ZIT LS . & B PR RUESOT LB C AL O
PR D EREE, B, JFLE o (Ch)A/NT 0.5 HEEE X g (DA KT 1.0 B REW A XL
fil K BERSAFERENL], 1 0 =05, p=1.0 BIAfFLR & ERE AL, ik KM FLIEES (8= 1.1) 80 /N FFFL
H A% (o = 0.4) AR T HEBN (1 K -

3. REHRmEE
31 T ABREH

TRHEEEZE LI 1 AR R T R G 58 AT s AT I B FC (LI 4), S8 S 7 R 38 A 7T bt
EYERE, BN T B MR AR . SR . IEVEVERE AR RERE . WRIGLERE W %
TR B MEROR A AE RTINS A, SEE T MR AMEI B, ARG LR YT T R Ak . S A
HAAIAE] 0,035, 2 FEMA MIVE RSP MA/NT 0.03 FIER,; A5 M AIIEYE RECN 5.409, KT 4.0,
ROV T RAFAB AR J1. T AR ZL SN 450 kN, 752 MR IS H] 0.04 rad FHAFIIEE, 2
Je ARER BT B o T AR [ 2 VL i e R T AR K 3R A L B BRI FERERE ) o RIS A R R,
DR AL ) AR 5% L TR D b (R IR S350 R AR 5% i 0 B A i P 38 5 Ak R SR A 8 A T B R
Jat RIS, R E MBI SR 5 (320 mm) AP EBACE (200 mm) 2 SLEL R i
FEVEREIIOCHE, T RBRRE AR RIER MRS T, XA IRIE RUF R PEEREANFERERE 77, Tt L [RIAE 7
i, BNEREZ ZWEE A T2 M.
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Figure 4. Diagram of geometric dimensions of specimens
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3.2. =tRnsaEay

FEEE[12]06] 2 NGB IR S (FPS-1, FPS-2). 2 Mt s A5 i (CPS-1, CPS-2)F1 1 MES:
FEAR AT AT (NFS-1) AT 45 X Bl R 172 40U S0 SR AT 78 (45 b i LI 5), 04 AL A A7 8 N i 7
WIREAS W EIPERE . IEVEVEREFIAREEE . IR R B, DU 2 R b R I SRR B35 R AR AE
SEAR R LLAL 6~10 cm AbRIAE B, SEEL T BBIEESME, R T IRMDEAL R 4R Wi (RIS - JE R AL
Fo) A 2 3URT DATE B S DY AN I 28 47 s i SV 5 #1135 K T 0.03, 3 2 FEMA BV R [13] 120K s i f&
G AR MBI R P U BB R, BRI BN AE . M EPE R B LORE, REMUMER AT 5
FPS-1. FPS-2 [IZEME R 7 3.28 1 3.31, FEARINSEALFT 25 CPS-1. CPS-2 MI%EM: R £/ 3.11 Al
3.15, HRT 3.0 MPURER, MG 5 NFS-1 MIREHE REUN 2.27, ISR MM RECB AL ST
MR T 37.0%~45.8%. FEEMMRME, INoEAAT 5 FPS-1. FPS-2, CPS-1. CPS-2 [k [R A& %k 7143 7N
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Figure 5. Node details construction of the specimen

5. AT REERADIE

Table7. Comparison of test results between reinforced joints and traditional joints

=7 MEETRSEST AR

ENG R PR AT 3N R PRAL A /mm Ji Hie Az % fmm FISEES ¢
FPS-1 171.83 79.4 24.2 3.28
FPS-2 167.58 79.8 24.1 3.31
CPS-1 156.83 76.1 245 311
CPS-2 159.52 76.9 245 3.15
NFS-1 149.89 61.0 26.9 2.27

3.3. R msaad

HAR CENGE R R348 rg ) [14] 38 S —Fp s R, 8 i 78 5% o I AR P AR 4240 A, 184 5
P I, A ROA B AME 3R . Haotian Jiang %5 [15] 2% % 1% SCHR G P 1™ 18 S50 18 BT ot 409 224K
(PRCS-01 1l PRCS-02) (Z% 5] 6)HEAT 1 ik Jyilie w7, Je i B2 o XU AR 422 AW AR PRCS-01 FI7EDK
&EEWWM&E X RN PRCS-02 MAh 73X, FEAR AT S A 80 A 78 S8 M BT 7 R BRI
o RIGHIF W, PRCS-01 ikfFAIH %fﬂu?ﬁ%ﬂ*ﬁi15ALE@F“E(sz)%mk?%zﬁﬂﬁ%ﬂ%&ﬁ(ﬁ), 5%
ﬁ?ﬂé’&i DA R B AR X R A, SR T MR IAME o SO R T B SO AR B BT AR E FRLIR,
HES H T nss e iR & TR A (AR F),
,_9bt (h—t) 1,
Tooan(i-L)
HE TR IR AUE T E VAN G B . 1270 R [ 2R B, DR W AROIN SR RE ZE A PR AR #
MIRTEE T SEDUBMR TR, BA RIFHEHEEREFIFERERE /1.
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Figure 6. Steel frame sizes of specimen PRCS-01 and construction of the steel beam in specimen PPRCS-02
6. i PRCS-01 HOSMAEZR R T Anik 4 PPRCS-02 FNRHIMAIE

3.4. BhiR/BEAR MR A

TR AL B SE[16]XF 8 ANAS RN ~F A2 e 2y o i b i 0 USRS (L Pl 7)3EAT T 100 0 PR e A T
B, AR R N RIS . W RIYERE . K. FERERE ST RINIEEIRIL S 1 RE . B
FULE R, 5 DA AL AL RRST WIET 2E S AP RIFERERE ST 1 05 sj-1 (BEHE ISR T 25) AR R
HRERIILI TR 2 sj-4 119 1.63 i, TMAERE REUL S HL 89.7%, 25 ARV 1 IR KA 4 m] LATE 7K
VKRBT I FIR K IH B IR RF 1 RUFIUFERERE )7 #E—20rMT R, 778 sj-8 (FERE NS B MR %2
PLEAME) PR RERAL, LA e RE0X 0.231, HLT5 5 sj-1 #2755 10.5%, FERE REUX 1.453,
FEAT sj-4 (I7KF; T A sj-7 BUKER 1 s (736.4 KN), {E i [m] d 2845 45, B2 AP Je 230 0.189,
PUBTERE AR ZE . #5719 R BB M AR 32 AR rh AR 40 G2 5 B R ey ST AR S5 4 BE AR i o b, 180 A B
TR B X A 22 0ty o T R 75 38 0 JE AR BE IR VT RC RSO e B, (0 7 0 RPEFEREAE T, 5K
DL CSRAESHR” AT R ERE T AR B AR .

(a) 47

Figure 7. Component model

B 7. wfrRa

3.5. AAmsaEE

SRR RAE[LTI BRI TE A L o 25 AR L RN s T 2 AR R AR AT AR 1 ASTE N AL G A
MO 8)iEAT T = HE AR LR 1A BR TG A AT, FEDEIAar 2 FH A 90 AT 3 - A0l 20 5. g 73 A BAEE

OO RN, PRI SRAL Y A A BB f I AE 0.03 rad LL b, Hidr N v B A5 7E 0.03 rad K
#1278 376.9kN, INEER BT SN 377.5 KN, 1AL Gu T AR B I g RGeS E 0.03 rad R AEMIR . 4
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