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Study on Evaluation on Strength of Beam to RHS Interior Column Connection
with Exterior Diaphragm

B, I EE KR
Yue CUI and Shintaro MATSUO

By utilizing FEM analysis, based on monotonic tensile experiments and previous data, this study analyzed on the
behavior of beam-to-rectangular hollow section (RHS) column connections with exterior diaphragms. This article
reevaluates the plastic and yield strength of this kind of connections with a new formular, of which the aim is to
enhance accuracy in strength prediction and address recent discoveries in connections’ mechanical behavior,
which, suggesting that the plastic region might not extend to the beam-end. Comparing Matsuo's traditional
method to the new approach reveals, the latter showed a superior accuracy and safety, giving lower estimates on
yield strength and plastic strength, according to a static analysis.

Keywords : exterior diaphragm, beam-to-column connection, yield strength, full plastic strength, finite element
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D3al55-1 1798  -13% 1785 -14%
D3a200-1 2169  -12%  207.8 -16%
D3a200-2 2433  -11% 2430 -11%
D3a225-1 2400 -11% 2219 -18%
D3a225-2 2299  -10%  213.8 -16%
D3a225-3  271.0  -10%  268.8 -11%
D3a225-4 2589  -11% 2565 -11%
D3a225-5  246.1  -15% 2430 -16%
D3a240-1 2375 9% 216.6 -17%
D3a240-2 2679  -10%  263.3 -11%
D3a240-3¢c 2554  -14%  250.1 -15%
D3a240-4 2807 -11% 2799 -11%
D3a300-1 3125  -5% 292.7 -11%
D3a300-2 2675 2% 224.1 -18%
D3a300-3 3024 6% 283.5 -12%
D3a300-4c  291.1  -9% 272.1 -15%
D3a300-5¢ 3184  -7% 308.7 -10%
D3a300-6c  337.1  -8% 335.2 9%
D3a350-1 3294 2% 293.9 -12%
D3a350-2c 3476  -3% 324.8 9%
D3a350-3¢  370.1 6% 360.5 -8%
D3a350-4c 3845  -4% 381.3 -4%
D5a250-1 2664  -4% 260.2 -6%
D5a250-2 3560  -1% 356.0 -1%
D5a300-1 2964  -3% 279.4 9%
D5a350-1 3252 -1% 293.7 -10%
D5a350-2 3416  -1% 320.5 7%
D5a350-3  362.3 1% 352.4 2%
D5a350-4 4477 0% 447.7 0%
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IHIZESTRLTWD. SRR L DFERIE L EENT
VNS AR S FEM MRATE - S28RMEIC K 2 28MEmt ) T h
D, MEEIARERIC L DFEMETH S, K 11 a)l T3k
4), K11 b)FIAREROR R A M INTW D, K5
EROREE 23+ 572012, ROBEIFREZE AN 5.
F,..=n,F, (44)

np=1 DRI S IEERBEN LV BWEEZ L
N5, AKEERXOBYFIZ X DHFHEIL 1,=0.983, 95%(5
HE X W OB T [1,- ,7,417[0.961,1.005] T 5. faJ2 2D
5O OWIMHEIT 1,=1.023, 95%15 #E X [ O £ R I8 1%

F 4 PRI OFRAE & FRYTIE O L b

Item Fyv Dissvus Disuoss Fynew  Disvess  Diswonis Fyap  Disgpis  Disgons
kN - - kN kN
D3al30 153.1 25% 9% 102.0 -17% -28% 84.4 -31% -70%
D3al55-1 144.9 17% 3% 102.9 -17% -27% 84.3 -32% -70%
D3a200-1 160.6 3% -6% 129.1 -14% -24% 110.9 -26% -68%
D3a200-2 156.0 10% -1% 115.6 -19% -27% 97.3 -32% -69%
D3a200-3 2133 37% 9% 160.2 3% -18% 142.2 -9% -64%
D3a225-1 168.9 7% -9% 151.3 -4% -19% 133.8 -15% -64%
D3a225-2 161.7 5% -8% 137.8 -10% -22% 119.8 -22% -66%
D3a225-3 231.1 25% 5% 183.2 -1% -17% 164.4 -11% -63%
D3a225-4 219.7 28% 6% 170.8 0% -18% 1523 -11% -63%
D3a225-5 206.9 28% 9% 160.2 -1% -16% 142.2 -12% -63%
D3a240-1 162.1 4% -9% 140.2 -10% -21% 122.6 -21% -66%
D3a240-2 2229 25% 4% 177.9 0% -17% 159.5 -10% -63%
D3a240-3c 210.4 30% 7% 165.9 2% -16% 147.0 -9% -63%
D3a240-4 248.3 39% 14% 192.9 8% -12% 175.3 2% -60%
D3a300-1 162.2 -7% -28% 193.7 11% -15% 175.9 1% -62%
D3a300-2 240.5 60% 31% 149.7 0% -18% 131.3 -13% -64%
D3a300-3 231.9 26% 3% 200.6 9% -11% 182.2 -1% -60%
D3a300-4c 221.2 20% 4% 186.9 2% -12% 168.6 -8% -60%
D3a300-5¢ 264.0 35% 10% 219.7 13% -9% 201.7 3% -58%
D3a300-6¢ 301.4 50% 17% 241.9 20% -6% 224.9 12% -56%
D3a350-1 2359 25% 2% 219.2 16% -5% 201.5 7% -57%
D3a350-2c 272.3 36% 9% 239.9 19% -3% 222.1 11% -55%
D3a350-3c 317.2 48% 17% 266.1 24% 2% 248.1 16% -54%
D3a350-4c 346.0 51% 15% 282.8 24% -6% 266.2 16% -56%
D5a250-1 211.1 17% 4% 167.4 -7% -18% 1443 -20% -65%
D5a250-2 306.8 46% 24% 204.7 -3% -17% 165.4 21% -66%
D5a300-1 220.2 12% 0% 183.6 -6% -17% 161.6 -18% -63%
D5a350-1 226.9 10% 2% 199.2 -4% -14% 177.1 -14% -62%
D5a350-2 259.7 21% 4% 220.9 3% -11% 198.3 -8% -60%
D5a350-3 301.1 40% 13% 249.1 16% -7% 226.0 5% -58%
D35a350-4 3929 53% 24% 291.6 14% -8% 246.3 -4% -61%
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Item F M Dis M,1/3 DZ'SM,(U 5 F 3, New Disyen3 Disyenois E;ap Disap, 1/3 D isap,ﬂ.l 5
kN - - kN kN
No.1 153.1 25% 9% 1020 -17%  -28% 84.4 31%  -70%
No.2 3172 48% 17%  266.1 24% 2% 248.1 16% -54%
No.3 3460  51% 15%  282.8 24% -6% 266.2 16% -56%
No.4 211.1 17% 4% 167.4 7% -18% 1443 -20%  -65%
No.5 306.8 46% 24% 2047 -3% 17% 1654  21%  -66%
No.6 220.2 12% 0% 183.6 -6% 17% 1616  -18%  -63%
No.7 226.9 10% 2% 199.2 4% 14% 1771 -14%  -62%
No.8 2597 21% 4% 220.9 3% -11%  198.3 -8% -60%
No.9 301.1 40% 13%  249.1 16% 7% 226.0 5% -58%
No.10 392.9 53% 24%  291.6 14% 8% 246.3 -4% -61%
250 F(KN) 250 ~F(kN) 400 F,,kN) o A00 F,,(kN) ,,'
En g 9 ‘
200 | [J 200 Ho 300 & 7 300 o,’
150 O o 150 & @%/
200 200
100 | 100 %?V
50 | 50 | 100 100
. b(mm) 0 a(mm) . ’ﬁ FFEMI . Fexp(kN)l - F (xp(kN)
0 25 50 75 100 0 100 200 300 400 0 200 400 0 200 400
a) h=75mm, a=225mm b) h =75mm, b=50mm a) XEKHICEDFREHE b) ARERCLD FE
EE Fas B Fy
400 [ F(kN) 400  F(kN)
O 400 F,(kN) o .- 400
300 t m 300 | 0A l 0,
= 2o 300 | 2 300
200 é O 200 2 O @é@’
100 | 00 | B 200 F 200
0 ha(mm) hg(mm) 100 L 100
0 100 200 0 50 100 150 200 47 Frpy " F,(kN) .
0 1 J
¢) a=300mm, h=50mm d) 6=45°, b=50mm 0 200 400 0 200 400
O fE F ) Wk kD F d) AERERXUCLD FE
O ik 4) R t ' TR Baors S Fross
O ERIR SCiak 8) D FEER O AFm DT
B4 12 BRI ) & 5RO BIFR(D=300mm) B4 13 BRI AR RORS
[p- Mpe 1= [1.001,1.045] T 5. A2, 2EAIZEK CEBLTWD., RO, HERAL D EFEN

M ANEET DD, Feds, ARSLD FEM ENTIE O 7% 53 4T
T5 L, KIERXOMFHEI 7,=0.992 TH 5.
4.2 BRI D DIEE

BRI D OFHFAE L FEM N EO 23 4 12, XC
ik 8)DFEBREIZ X DDk AR 51T, BRI D
%wﬁilmw&wﬁfﬁkﬂﬁ TR BN E b
%. Fus OBEAILBKFHET 258055 0D, X
ﬁ@@ti@ﬁ&ﬁk#é_&ﬂﬁﬁféé.&%,E
21280, WIFHNO/RT A —Z TR 2 HEFEEREGRD B

T EWHERTE D, U, TR kg 11T F
REPEENTEDLT, xH2 b x ZRAT LR EDE
Uiz k- THlERZSn2EELEBE L.
i%&@%%ﬁ%a&>%ﬁﬁ@%ﬁ%mj.ﬂwf
L VREND. BRI EERORE % 5425 729
WROENFREE V5
F e =MaFis =1015F, 015 (45)

AR RO BEYFIT K 2 IFFEIL 1715=1.003, 7015=0.823,
95%EHHIX [ DBAHUI L M- , n13+]=[0.951, 1.055], [Mo.is-



400 (KN ’;
300
200

100

200
AR LD FEF
HAEE Frous

0 200 400 0
a) AREANUCKD Fitb)
L s
400

[ Fcal (kN) I'
300 O STk 8) D 5Kk
200 O AiOMHT
100
0 J
0 200 400
©) AREXZLDLF,
FIEE & E

14 PRI I D R
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Dc t. ta hd a Bd b 0
mm mm mm mm mm mm mm deg kN kN kN
No.1 250 12 12 25 75 200 25 31 123 145 193
No.2 250 12 12 75 175 200 25 45 167 198 245
No.3 250 12 12 25 75 200 25 45 107 129 168
No.4 250 12 28 25 75 200 25 36 188 239 308
No.5 250 9 12 25 75 200 25 45 100 118 153
No.6 250 9 12 50 125 200 25 21 135 155 194
No.7 250 9 12 75 175 200 25 26 162 190 231
No.8 250 9 12 25 112 200 25 35 111 139 167
No.9 250 6 12 25 75 200 25 40 79 95 116
No.10 250 6 12 25 75 150 50 45 75 80 101
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