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ON THE STRENGTH OF RESTRAINED SINGLE-ANGLE
COLUMNS UNDER BIAXIAL BENDING
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Table 1 Test Specimen Dimensions CTROEADETRHE L, ¥k,
Cross-Sec]t)ipn . Column | Radius of %{ﬁi&fm}é?ﬁib ’Eéﬁ?ﬁ‘?‘é o, £
Test| Test (See Fig. 2 | Length Gyration | End Condition  migskysy 2~ T OERIEICEA L
Series) No. |5 [ 2, | ¢ | 4 L - .| and Attitde 77
(em) | (em) | (em) |Cemn)| (em) | (em) | (em)
A-1-1 |5.11]5.05| 0.627]5.98| 201 0.993 | 1.56 (2) =EBEOHEMSHE
A-1-2 |5.03|5.08] 0.625(5.93| 157 0.991 | 1.58
A-1-3 |5.0315.08] 0.627(5.96] 137 0.901 | 1.53 FREAOY Y — XTI
A-1-4 |5.03[5.08| 0.627 6.9 130 0.991 | 1.53 oL e e £ S 7. T
A-1-5 |5.05]5.11 | 0.632]6.02] 117 0.993 | 1.54 WT, EOMEFHEE T~ 7205k
A-1-6 |5.08|5.03| 0.625|5.93| 106 0.991 | 1.55 (a) Y BERIS X UEAERER (Stub Column
A-1-7 |5.05]5.08] 0.625]59 | 96.3 | 0993 | 1.53 Test 0 deF g P -
A-1-8 |5.05|5.13| 0.622|5.95| 8.1 | 0.993 | 1.54 est) & 2%k ﬁ‘t_of“’gwébﬁ‘
A-1-9 |5.05|5.05] 0.620|5.88| 762 | o0.988 | 1.54 Brix ASTM O3[5E b BB R 0#E>
A-1-10 | 5.05[5.05| 0.622|591| 68.3 | 0991 | 1.54 N 5
A e 4 —
A-1-11]5.05 | 5.05| 0.617|5.85| 55.4 | 0.983 | 1.54 ;ﬂ;fijiﬁfi&?%%zg 2
S Ty, EAEERE
A-21 | 508|513 0.622|5.97] 203 0.993 | 1.55 el s R
A-2-3 |5.08(5.05| 0.625]5.94] 140 0.991 | 1.55
A-25 |5.03|5.08| 06251592 119 0.988 | 1.53
A-2-7 [5.11]5.05| 0.620|5.90 | 101 0.991 | 1.55 o
A-28 |5.08|5.08] 0632|6.02] 8.6 | o0.991 | 1.55
A-29 |503|5.11| 0.635]6.03| 787 | 0.993 | 1.53
A-210|511|505| 0.635|6.05] 70.9 | 0.993 | 1.55
A-2-11|5.13[5.05] 0638 6.08| 584 | 0933 | 1.5
B-1-1 |5.18(5.13] o0.640|6.16| 137 0.991 | 1.58
B-1-1a|5.18 | 5.13 | 0.638 |6.16 [ 137 0.991 | 1.58 (®
B-1-5 |5.16|5.13| 0.638]6.15| 86.4 | 0991 | 1.57 2
B | B-16 |5.13]5.16| 0.638]6.15] 8.4 | 0.991 | 1.56
B-2-2 |5.16{5.11| 0.638|6.15] 132 0.991 | 1.56
B-2-5 |5.11|5.16| 0.6336.15| 88.9 | 0.991 | 1.57 (b)
B26 |5.13]|516| 0638616 71.1 | 0.9 | 1.56
C-1-1 | 7.7 | 5.03| 0.622{7.61| 139 1.09 | 2.47 LLO*
C-2-1 | 4.90{7.62| 0.6387.55| 140 106 | 139 | . SLO™
C-1-3 |7.7214.93| 0622|748 940 | 1.07 | 2.47 LLO
c Cc-23 |4.93|7.72| 0.622|7.48| 937 | 1.07 | 1.33 SLO
C-31 |7.75|4.93] 0.622|7.55| 142 1.07 | 2.47 LLO
C-4-1 |4.93|7.77| 0.625]7.55| 143 L07 | 1.3 | . SLO
C-33 |7.72|4.93| 0.622|7.48| 9.0 | 1.07 | 2.47 LLO Fig. 4 View of Test Setup, End
C-43 [4.93|7.70| 0.620|7.48| 96.5 | 1.07 | 1.40 SLO Condition (2)
* LLO : Long Leg Outstanding
** SLO : Short Leg Outstanding _
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Table 2 Results of Tension Coupon and Stub-Column Tests LT B) IR BB I LIcni-THT
% -7z, Table 2 1ZHIE Lok
Modulus Yield Yield | Residual Ultim.ate s _ able 2 ‘i@lﬁbfdﬁ%%i é:f
of | St Strai Stress Tensile 72bDTHD, EH, ap ERRBR» G
Material Test Elasticity ress :am Level | Strength BN BIRRE A ERL, (oy—ap)/oy
(x10°kg/ o ¥ | ex—op On < i) LTR s %
man) | (hg/mm®) CAOD | Tow || el 3paiRiiS) oy CHERIEILL B ERER
ension Al B el D 2 BSAOEERT. V) —XCoREDL
A Cor ssion 21.0 35’9 0.325 ‘ HROBERG TR, TORMORBER
MPressi . . —_— . —_
(Series-A) 20.4 35.3 — 0.266 — DIz, BEREER X TR REREREIS
Average 2.7 35.8 1730* | 0.2 52.3 FOEERDBZENTERP -T2,
Tension 20.4 29.3 1435 —_ 50.1
21.4 314 1470 — 53.2 ( 3) % Eﬁ fﬁg %
A 36
(SeriesBy | TSN | B2 B T MR T BERRT ELES S0 1%L 4—
: : . DIk s ST D 2 S
Average 21.0 30.0 1430* 0.215 51.6 ‘Em;;f;ij:;ﬁ?j;%%@%ig W;;_S_}i
A R z, ¥y RIS OZL
Tension 20.6 40.6 1970 — 56.7
19.0* | 39.9 2110 - 56.2 B urn, vr BXOWZO EEbYoht
(Sj’44lC Compression 20.9 — — — — hﬁ bLs2 ‘&j’{&), ﬁﬁﬁ/‘]iﬁﬁ,‘}: LTE A
e 24 | = | = | = | = -1-8 (A& a) BIUE A28 (i
Average 20.6 40.4 1960* — 56.4 %B%ﬁ: b) @%%7&, Fig. 6,7 255Uz,

* From the Formula ey=0y/E

** This Value was Omitted When the Values of E were Averaged
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Table 3 Test and Computed Results of Columns with End Conditoin (a)
Test Slenderness Ratios Squash Maximum Loads
1 L L1 = L1 = Load Test Computed | Column @
A L ./ .y 4 Py Column @
Number 72 Tx 4 727 VE e 7 \/ (t) Puax Prox @| Pmaex @
(t) Py Py
A-1-1 202 129 2.67 1.72 21.4 6.8 0.318 0.356 0.894
A-1-2 159 103 2.1 1.37 21.2 10.3 0.485 0.456 1.056
A-1-3 139 89.6 1.84 1.19 21.3 11.3 0.530 e —
A-1-4 13t 84.6 1.73 1.13 21.5 1.1 0.521 — —
A-1-5 118 76.0 1.56 1.01 21.5 11.5 0.531 0.570 0.933
A-1-6 107 68.7 1.42 0.914 21.2 12.3 0.579 — —
A-1-7 97.0 62.7 1.28 0.834 21.3 12.5 0.587 — —
A-1-8 86.8 56.0 1.15 0.745 21.3 13.2 0.617 0.605 1.020
A-1-9 7.2 49.6 1.02 0.660 21.0 12.1 0.575 — —
A-1-10 69.0 44.3 0.914 0.589 21.1 13.8 0.655 — —
A-1-11 56.3 35.9 0.745 0.477 21.0 14.0 0.699 0.673 0.994
B-1-1 136 86.8 1.64 1.04 18.5 10.5 0.571 — —_
B-1-la 136 87.0 1.64 1.04 18.5 11.0 0.597 — -
B-1-5 85.9 54.8 1.03 0.658 18.5 11.2 0.607 — —
B-1-6 68.2 44.0 0.821 0.528 18.2 12.5 0.676 —_ —
C-1-1 128 56.4 1.80 0.795 30.8 14.2 0.461 0.454 1.015
C-1-3 87.7 38.1 1.24 0.537 30.3 16.5 0.546 0.530 1.030
C-2-1 131 100 1.84 1.41 30.5 11.2 0.366 0.381 0.960
C-2-3 87.5 66.8 1.23 0.942 30.3 15.8 0.522 0.519 1.005
Table 4 Test and Computed Results of Columns with End Condition (b)
Test Slenderness Ratios Squash Maximum Loads
_ Load Test Computed | Column @
L L. 1 ___I: 1 _L 1\/0Y Py Column @
Number r2 rx a7 E Ty VE ) Pmax Prgx @} Pmax @
(t) Py Py
A-2-1 205 131 2.7 1.74 21.4 3.28 0.151 0.150 1.007
A-2-3 141 90.2 1.87 1.20 21.2 5.13 0.241 0.241 1.000
A-2-5 121 77.9 1.60 1.04 21.2 6.44 0.304 — -
A-2-7 102 64.7 1.46 0.861 21.1 7.3 0.348 -
A-2-8 89.5 57.2 1.18 0.761 21.5 7.66 0.356 0.367 0.970
A-2-9 79.4 51.4 1.05 0.684 21.6 9.21 0.426 —
A-2-10 71.4 45.6 0.945 0.606 21.6 9.71 0.449 - -
A-2-11 59.0 37.5 0.781 0.500 21.7 10.3 0.472 0.450 1.048
B-2-2 131 84.8 1.58 1.02 18.5 5.53 0.300 - —
B-2-5 88.4 56.5 1.06 0.678 18.5 7.44 0.403 — -
B-2-6 70.7 45.6 0.851 0.547 18.5 8.35 0.452 - -
C-3-1 133 57.5 1.87 0.811 30.5 11,0 0.361 0.352 1.025
C-3-3 89.8 38.9 1.27 0.548 30.3 13.8 0.457 0.437 1.045
C-4-1 133 102 1.87 1.44 30.5 5.62 0.184 0.184 1.000
C-4-3 89.8 69.0 1.27 0.967 30.3 8.44 0.279 0.279 1.034
BLTH BRI, s LBIEERE ) % BT 7 SR AR o0 RE D OV b B
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Table 5 Effects of Residual Stresses and Initial Deflections

Problem Correglggsrédgxoglumn Residual Initial Sgrrlx%l;téssd (Ftn;st Yieldi- Maximum I_ioads Prax
Number No. End Stress Deflection Angle End Spring Test Computed Ratio
201 None None 7.26 - 8.26 1.0
202 Yes None 5.81 — 7.89 0.956

-2~ 7.66
203 A28 (b) None Yes 6.17 -— 7.35 0.890
204 Yes Yes 4.9 — 6.99 0.847
205 None None 12.2 11.2 13.11 1.0
206 A-1-8 (a) Yes None 9.98 10.4 13.2 13.10 1.0
207 Yes Yes 10.4 10.4 12.66 0.965
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