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INTRODUCTION

This DESIGN AIDS BOOKLET was prepared as a supplement to

the LECTURE NOTES on "PLASTIC DESIGN OF MULTI-STORY FRAMES."
It contains tables and charts for use in the analysis and
design of building columns. The information contained in
the booklet has been used in the development of the design
methods presented in Lectures 11 and 18 and in performing
the designs for the three example frames given in ILectures
12, 14, 16 and 19. The development and preparation of the
tables and charts are briefly described in the various parts.
Examples are included to illustrate the applications to the

solution of column problems.
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PART I - TABLE OF CRITICAL STRESSES OF AXTALLY TOADED COLUMNS

Critical stress values of axially loaded

columns are given for A36 and ALkl steels. These

stresses have beenlcomputed from the Column Research

‘Council'”Basic Column Formula':

Oer o& (52)2

The following example will illustrate the use of

this table.

Example: Determine the critical load of a centrally

loaded 14WF158 column of A36 steel. The column has

_an unbraced length of 12 ft. and forms part of a

braced multi-story frame. The column is assumed

to be braced in the weak direction.

For the 14WF158 Section, ry = 6.40 in

and A = L6.LT in°.

Mlso K = 1 (braced frame)

Thus

(1) QW) g

.

Tx
Entering the table and interpclating linearly
Ocy = 35.42 ksi
The critical load of the column is

Per = (35.42) (L6.L47) = 1645 kip



UrITICAl OTresses 01 ARIUlY Louueu Lvoiunms

| Material

—'%h— A36 A44q| -

Oy= 36ksi | Oy=50ksi | Oy = 46ksi | Oy = 42ksi
o 36,00 5000 | 46.00 | 4200
5 3597 | 4995 | 4595 41,96
/0 35.89 4978 | 45.82 4184
15 35.75 49.55 | 4559 4165
20 35.55 49.13 | 4526 41.38

25 35.29 4864 | 4485 | 4104
50 | 34.98 | 4804 | 44.33 40.6/
35 | 34.6/ 4733 4374 40.//
40 | 34./9 465/ | 4304 | 3953
45 33.7/ 4558 | 4226 3888
50 35,17 44,54 4138 38./5
55 3258 4340 | 404/ 37.34
6o | . 3193 4214 | 39.35 36.45
G5 3/.22 40.78 3819 | 3549
70 3045 3930 | 3694 | 34.45
75 29.63 3772 35.60 3333
80 28760 | 36.03 34.17 32.14

TABLE 1—1



PART IT - REDUCED PLASTIC MOMENT TABLES

e
. . P
The t <] = -
e tables give the reduced plastic Mye = M, o
moment (Mpc) values of column sections for ~
LO <P<oyw (d-2t)]
various axial forces. The values are tabu-
lated separately for A36 steel (Table II-1) and
Mo = X (A - P/o.) - 2 (& - P/5,)Z]
and Ab4l steel (Table IT-2). Only sections pe =7 | T 9%y T M T %y
ualified t i i r i
q as compact sections are included Loy w(d-2t)<P< Pyj

in the tabulation.

The axial force (P) is nondimension- Example: An axial force of 755 kip is applied
alized with respect to the yield load of the to a 1MIF127 colum of A36 steel. Determine
section (Py _ Aoy). The reduced plastic moment the reduced plastic moment capacity of the
values are given at intervals of 0.1 P/Py, columa.

From Table II-1:

from P/Py, = 0.1 to P/Py = 0.9. The last column
134k kip, P/Py = 755/134Lk = 0.562

Fy

Mpe

The average difference between intervals

in each table gives the average difference be-
392 kip-ft for P/Py = 0.5

tween P/Py = 0.2 and P/Py = 0.9 to facilitate

the interpolation for intermediate values.

The tabulated values were computed for 1s 5.4 kip-ft.

By linear interpolation

My = 392 - (0.62) (75.4) = 345 kip-ft.

bending about the strong axis -and were based on

the following equations: (Lecture 4, Ref. 4.19)



Reduced Plastic Moment Values For Various Axial Force Ratios
(For Sections Used as Columns)
A36 Steel QOy= 36 ksi

Mpc Aver.

section| A Py Fx ry z Mp  [Ppy=0.1 PPy=0.2 [/Py=0.3 F/Py=0.4 [Fipy=05 [7y=0 /Py-0. [ley=0.8 | /py=0.9 | Increment
in kips in in in3 k-ft. k-ft. k-ft. k-f1. k-ft. k-f1. k- ft. k- f1. k-ft. | k-ft. k-ft.

/A W426| 1253 | 4509 | 720 | 434 | 8093 | 2608 | 28¢5 | 2358 | 2//3 | /857 | /580 | /1292 | 9900 G74./ | 3441 | 2877
14 F398| 117.0 |42/1 | 717 | 43/ | 8030 2409 | 235/ | 2/74 | /946 | 1705 | 1452 | 1186 | 9082 | G/18 | 315/ | 20655
1dW¥370| 1088 | 39/6 | 108 | 427 | 7373 | 2212 | 2158 | 1997 | 1785 | 1562 | 1329 | 1085 | 8297 | 5639 | 2873 | 2442
/4 F342| 100G | 362) | 699 | 424 | 6730 | 20/9 | 1970 | /823 | /627 | /423 | /209 | 9856 | 753,/ | 5114 | 2603 | 2232
[AWF320| 9412 | 3388 | 663 | 417 | 5922 | 1777 | 1741 | 1636 | /466 | 128/ | 1087 | 8857 | 6762 | 4587 | 2333 | 2004
16034 | 9230 | 3323 | 690 | 420 |6/15 | 1835 | 1789 | 1652 | 1473 | /1286 | /092 | 8890.| G186 | 4602 | 234.] 2026
1an287| 8437 | 3037 | 681 | 417 | 5516 | 1655 | 16/ | 1490 | 1327 | 1157 | 9810 | 7980 | @084 | 4/2.2 | 2094 /§2.9
14264 7763 | 2795 | 674 | 4./4 | 5024 | 1507 | 1470 | 1357 | 1207 | 105/ | 8902 | 7234 | 55/0 | 3730 | 1893 166.8
/4 WF 246 | 7233 | 2604 | 6.68 | 4./2 | 4645 | /394 | 1359 | /257 | I//4 | 9692 | 820.0 | 6658 | 506.8 | 3928 | 138 154.2
14 F237 | 69.69 | 2509 | GG5 | 4.1 | 4454 | /336 | 1303 | 1202 | 1067 | 9266 | 7853 | 6374 | 484.9 | 3219 | /662 1479
1aw228 | 6706 | 2414 | 662 | 40 | 4212 | 1282 | 1249 | 115/ | 1022 | 888. | 75/6 | 6098 | 4637 | 3/34 | /588 141.7
1429 | 6436 | 2517 | 659 | 408 | 4080 | 1224 | 1193 | 1100 | 9763 | 8486 | 7/70 | 5814 | 4420 | 2986 | /512 1355
14 F2Il | 6207 | 2235 | 656 | 4.07 | 39(7 | 1175 | 1146 | 1056 | 9369 | 8/4.0 | G875 | 55717 | 4235 | 2860 | /448 130.2
| 1awra02 | 5939 | 2138 | 654 | 4.06 | 3736 | 112/ | 1092 | /100G | 8924 | 7750 | 654.2 | 530/ | 4026 | 2718 | /31& j24.1
14KF193 | 56.73 | 2042 | G5/ | 405 | 355/ | 1065 | /038 | 9569 | 8480 | 736/ | G2// | 5030 | 3819 | 2570 | /304 118.1
[d w184 | 5407 | 1947 | 649 | 404 | 3375 | 1013 | 9864 | 9083 | 804G | G980 | 5887 | 4766 | 36.0 | 2439 | /233 12.1
[ IWFIT6 | 5173 | 1862 | 645 | 4.02 | 3213 | 963.9 | 9394 | 866.0| 1654 | 6638 | 559.6 | 4528 | 3434 | 2315 | 1170 107.0
14167 | 4909 | 1767 | 642 | 4.0/ | 3029 | 9087 | 8855 | 8160 | 7226 | 6263 | 5277 | 4268 | 3236 | 2180 | /102 1008
1A w158 | 46.47 | 1673 | 640 | 4.00 | 2863 | 8589 | 8367 | 7698 | 6809 | 5899 | 4967 | 40/G | 304.3 | 2049 | /035 95.19
14 WF150 | 4408 | 1587 | @37 | 399 | 2702 | 8106 | 7896 | 7270 | 6427 | 5565 | 4685 | 3185 | 266.7 | /930 | 9145 8993
1dWFIa2 | 4185 | 1507 | 632 | 397 | 2548 | 7644 | 745/ | G687/ | GOGG | 525/ | 4418 | 3568 | z702 | /1818 |9.75 85.05
/4 FI36 | 3998 | 1439 | 631 | 377 | 2427 | 728/ | 7099 | G554 | 5793 | 50/5 | 4219 | 3408 | 2560 | /737 | 8164 | 8L1/
[AWFEIR2T | 3133 | /1344 | 629 | 376 | 2259 | 6717 | 660G | 6092 | 5382 | 4656 | 3915 | 3/6./ | 239.2 | 1609 | 8./5 75.44
[dUF119 | 3499 | 1260 | 626 | 375 | 2/09 | 6327 | 6/66 | 5063 | 5020 | 434.1 | 3648 | 2944 | 2227 | 1497 | 7548 | 7040
AWl | 3265 | 1175 | G23 | 373 | 1960 | 5880 | 5732 | 5288 | 4658 | 402G | 3382 | 2728 | 2062 | /386 | 6983 | 0557
[dWF84 | 2471 | 8896 | 6.13 | 302 | 1454 | 4362 | 4260 3956 | 3492 | 3016 | 2533 | 204.1 | 1542 | 1036 | 5218 | 4900

TABLE 1I—1



Reduced

Plastic Moment Values For Various Axial Force Ratios
(For Sections Used as Columns)

A 36 Steel Oy= 36 ksi
. A P r r z M Mpc Aver.
Section Y S P [Ppy=0.1ry=0.2 /py=0.3[py=0.4 Py=05 [/Py=0.6[/Py=07 [/Py=0.8[/Py=0.9| Increment
in2 | kips | in in in® | ket | kft | kft | k-ft | k-ft | kft. | k-ft. | k-t | k-ft | k-ft. k-ft.
1478 | 2294 (8258 | 609 | 300 |/34.0 (4020 | 3928 | 365./ | 3225 | 278.4 | 2337 | /1883 | /422 | 9545 | 48.05 4529
14 W74 | 21760 (7834 | 6.05 | 248 |/256 | 3768 | 3689 | 3452 | 3069 | 2052 | 2228 | 179G | /358 | 9122 | 4596 4275
1AW G8 | 2000|7200 | 6.02 | 24G | /148 | 3444 | 3372 | 3157 | 2806 | 2423 | 2034 | 1639 | 1239 | 83.16 | 4188 39.12
IBNG! | 1794 6458 | 598 245 | /024 | 3072 | 3008 | 2817 | 2502 | 2/152 | I8/ | 1459 | 1/0./ 7320 | 37./9 34.93
14 W53 | 15659 (5612 | 590 | 1.92 |87/ 2013 | 2564 | 2416 | 2/7./ | /875 | 1573 | 1268 | 9576 | G4.29 | 3237 29.89
land8 | /4.1l (5080 | 580 | 1.9/ |785 |2355 |23/ |2/79 |/959 |/68.7 |/4/5 |1/139 | 86.0/ | 577/ | 29.04 20.98
1443 | /1265 (4554 | 582 | 189 | 697 |209. | 2052 | 1935 | /174.0 | /504 | /260 | 1014 | 7652 | 5/.32 | 258! 2390
12190 | 5586|201/ 582 | 325 | 3/1.5 | 9345 | 9/24 | 8462 | 7529 | 656.5| 5563 | 4524 | 3448 | 2550 | 1/18.6 1039
12K 16/ | 47.38 | 1706 | 570 | 320 | 2597 | 7776 | 7590 | 7032 | 624G | 5434 | 4596 | 373, | 2638 | 1919 | 9730 8650
/2WF /33 | 39.// | 1408 559 | 316 | 2097 |629./ | /39 | 5683 | 5040 | 4376 | 369.3 | 299/ | 227/ | /1633 | 7157 70./10
12120 | 353/ (1271 55/ | 3/3 |/86.4 | 5592 | 5460 | 5065 | 4492 | 389G | 3285 | 2658 | 20,6 | /359 | G873 6254
12K 106 3119 |11253 546 | 311 |/634 | 4902 | 4784 | 443/ | 39206 | 340./ | 2864 | 2315 | /754 | 118/ | 5966 5478
12IF99 | 2909 | /047 | 543 | 309 |/51.8 (4554 | 4445|4116 | 3639 | 3/5.1 | 2682 | 2/42 | 1622 | /1092 | 55.// 5093
1292 | 2700 | 9742 | 540 | 308 | /402 | 4206 | 4/05 | 380.3 | 336.4| 29/.| | 244.8 | 1977 | 1496 | /006 | 5077 4708
1285 | 2498 | 8993 | 538 | 307 |/29./] | 3873 | 3719 | 3495 | 3089 | 267/ | 2245 | 1812 | /13710 | 9213 | 4645 4329
1279 | 2322 | 8359 | 534 | 305 | /193 | 3579 | 53493 | 3235 | 2854 | 246.7 | 2072 | 1G7.] | 126.4- | 8490 | 4278 40/0
12058 | 1706 | 0142 | 528 | 25/ |8GS5 |2595 | 2534 | 2352 | 2077 | 1793 | 1505 | 1213 | 9162 | G/.52 | 3098 2917
I2WF53 | 1559 5612 | 523 | 248 | 782 (2346|2293 | 2135 | 1865 | /1627 | /1365 | 1099 | 8297 | 5568 | 2802 2650
1250 | 147/ | 5296 | 5/8 | 196 | 726 |2/78 | 2/3.4| 2003 | /784 | /542 | 1295 | 1044 | 1888 | 5299 | 2670 24.94
12K q5 | 1324 (4760 | 515 | 194 | 649 |1947 | /908 | 172/ | 1597 | 1378 | 1157 | 93/9 | 7038 | 4725 | 2379 22./9
1240 | 1177 (4237 | 5./3 | 194 |57G |/728 | 1693 | 158.7 | 141.2 | /218 | 1022 | 8224 | 6207 | 4/.64 | 2095 19.68
10N 112 | 3292 |//184 4.67 | 2067 | /475 |4425 | 43/7 | 3994 | 355./| 309,/ | 2G/.5 | 2/123 | 16/.6 | /093 | 554/ 4914
| | TABLE II—1




Reduced Plastic Moment Values For Various Axial Force Ratios
( For Sections Used as Columns)

A 36 Steel Oy= 36 ksi

. A P r r Z M ' Mpc | Aver.
Section y X y P [Ppy=0.1[PPy=0.2|PPy=0.3Py=0.4|PPy=05 [/Py=0.6 [7Py=0.7|/Py=0.8/7Py=0.9| Increment
v in2 kips in in in3 k-f1t. k-ft. k-ft. k-ft. k-ft. k-ft. k- ft. k-ft. k-ft. | k-ft. k-f1.
JOWFI00 | 29.43 | 1058 | 4.GI | 265 | 130/ | 3903 | 3808 | 3524 | 3129 | 2719 | 2298 | /1803 | 1416 | 9567 | 4846 | 4342
10w 89 | 2619 | 9928 | 455 | 263 | 1164 | 3432 | 3348 | 3097 | 2747 | 2384 | 20/.2 | 163.0 | /1237 | 8348 | 4224 | 382/
1077 | 2267 | 816/ | 449 | 200 | 977 | 293/ | 2659 | 2643 | 2343 | 2031 | /7.1 | /384 | 1049 | 707/ | 3574 | 3265
jowe2 | 2118 | 7625 | 446 | 259 | 907 | 272/ | 2655 | 2457 | 2173 | 1882 | /1585 | 128,/ | 9710 | 6539 | 3303 | 30.38
10WGe | 194/ | 6988 | 444 | 258 | 828 | 2484 | 2422 | 2237 | 1979 | 1713 | /144 | 1/6.4 | 88./5 | 5993 | 2994 | 2168
10weo | 1766 | 6358 | 4.4/ | 257 | 75/ | 2253 | 2197 | 2028 | 178.7 | /54.6 | 130.0 | /04.9 | 7937 | 5338 | 2692 | 25./3
jowrsd | 1588 | 5717 | 439 | 256 | 670 | 200 | 1959 | 1804 | 1595 | /1379 | 1158 | 934/ | 7062 | 4746 | 2392 | 22.35
I0Wd5 | 1324 | 4766 | 4.33 | 200 | 550 | 1650 | 1612 | 1500 | 1327 | 1/14.7 | 9639 | 7777 | 5682 | 3954 | 1993 | /858
OW39 | /.48 | 4133 | 427 | 198 | 470 | /410 | 1379 | 1266 | 1138 | 98.5| 8249 | 6049 | 5024 | 3374 | 1699 | 1594
8 o7 | 1970 | 7092 | 37/ | 212 | 701 |2/03 | 2052|190/ | 1690 | 1969 | /242 | /008 | 7662 | 5/79 | 2624 | 23.4/
B8 W58 | /7006|6142 | 365 | 210 | 599 | 1797 | 1754 | /620 | /437 | /248 | 1053 | 8532 | 6478 | 4372 | 22/3 | 2007
B K48 | /1411 | 5080 | 36/ | 208 | 490 | /470 | /433 | /323 | 1169 | 1013 | 8835 | 6902 | 5232 | 5525 | 178/ | /6.3
8Wao | 176 | 9234 | 353 | 204 | 399 | 1197 | 1169 | 10683 | 9558 | 8269 | 69.55 | 56./6 | 4250 | 2859 | /442 | [34/
8 W35 | /050 | 3708 | 350 | 203 | 347 | /041 | /0.6 | 9400 | 8296 | 7/.70 | G0.25'| 4860 | 3674 | 2470 | /245 | /.65
8#28| 8232963 345 | 162 | 271 | 8.3 | 7952|7417 | G584 | 5690| 478/ | 3856 | 295 | 1959 | 9872 | 9./85
8 W24 | 706 | 2542 | 342 | 16/ | 23/ | G93 | 6177 | 6320 | 5597 | 4832 | 4055 | 3267 | 24668 | 16.57 | 8340 | 1637
8 W20 | 568 | 2117 | 347 | 120 |19 | 513 | 5625|5302 4790 | 4130 | 34.67 | 2793 | 2110 | 1416 | 7/30 | 6570
8mi7 | 500 | 1800|336 | /16 | /58 | 474 | 4658 | 4414 | 4006 | 347/ | 29.1/ | 2343 | /7168 | /.66 | 5964 | 5454
8MM3| 1009 | 3632 340 | /87 | 327 | 98/ | 9606|8996 | 8008 | 692/ | 58./5 | 4690 | 3546 | 2383 | /20/ | /.14
EM36| 959 | 3452 345 | 190 | 3.6 | 948 | 9200 8599 | 7630 | 0592 | 5537 | 4464 | 3374 | 2267 | 1142 | 1065
8MZ2 | 823 |2963| 33/ | 147 | 256 | 768 | 7550 | 7/.59 | G508 | 565/ | 4747 | 3828 | 2694 | 19.45 | 2800 | 8827
BM2 | 706 | 2542 345 | /57 | 233 | G99 | G834 | 6367 | 5649 | 4876 | 4092 | 3297 | 2490 | 167/ | 8414 | 7894
TABLE II—1




Reduced Plastic Moment Values For Various Axial Force Ratios
( For Sections Used as Columns)

A36 Steel Oy= 36 ksi

A P r r 2 M Mpc Aver.
Section y * y P Pey=0.1 PPy=0.2 /py=0.3 ’Py=0.4[PPy-05 [PPy=06 Plpy=0.7 [/py=0.8 lpy=09 | Increment
in2 | kips | in in in3 | kft. | kft. | kft | Kft | k-ft. | k-ft. | k-ft. | k-ft. | Kkfr | k-ft. k-ft.

OMZ25 | 7135 |[264.0| 253 | /43 | /79 | 537 | 524/ | 4852 | 4296 | 3727 | 3137 | 2537 | /923 | /296 | 6547 | 5992

OMZ5| 662 | 2383 | 249 | 136 | /56 | 468 | 4592 | 4379 | 39.05 | 3380 | 2843 | 229G | 1739 | 1170 | 5904 | 534/

OMZ20 | 588 |2/l7 | 257 | 139 | /4G | 438 | 427G | 3905 | 3490 | 30./8 | 2537 | 2047 | /1548 | 104/ | 5248 | 49/5

OWes | 737 | 2653 | 269 | 152 | /9.0 | 570 | 5573 | 519/ | 460/ | 3984 | 3354 | 27/0 | 2052 | /1382 | 6915 | G.4/9

-_ A \- !

GW20 | 590 |2/24 | 266 | /50 | /4G | 438 | 4279 | 3975 | 3628 | 3136 | 2695 | 2/.25 | /GOT | /080 | 5444 | ¢.90/

‘.

AN2-X 472 | /629 | 259 | 096 | /.G | 34.8 | 34./0 | 3223 | 2894 | 2506 | 2/.08 | 17.04 | 1290 | 8684 | 4384 | 3978

08 /2 353 | /271 | 248 | 090 | 83 249 | 2449 | 2327 | 2124 | 1822 | 1530 | 1233 | 932/ | 626/ | 3/54 2.874

EM/E9 | 556 | 2002 | 208 | 120 | /I/ 333 | 3250 | 3034|2092 | 2335 | /1969 | /1594 | 1209 | 8,/55| 4./24 ‘3.745

Swi85| 545 | /1962 | 2/6 | 128 | /.4 | 342 | 3330| 3084|27/3 | 2352| /982 | 1603 | /12/6 | 894 | 4/4/ | 38/4

SWwio | 470 | /692 | 2/3 | 126 | 9G | 288 | 26./1 | 26.04 | 25.05 | /990 | /6.80 | /1357 | /1028 | 6917 | 3492 | 322/

dw /3 | 382 | /375 | 172 | 099 | 6.2 | 189 | 185/ | /134 | /536 | /1333 | /.24 | 9/03 | 6908 | 4.060 | 2357 | 2./40

4mMi3 | 382 | /375 | 165 | 094 | G/ | 183 |/786| /655|468 | /275 | 10.77 | 8.723 | G626 | 4.473 | 2264 | 204/

TABLE II—I




Reduced Plastic Moment Values For Various Axial Force Ratios
( For Sections Used as Columns)

A44| Steel

. 0, A P r r Z M Mpc Aver.

Section | "V y x y P |Phys0.1[Py=0.2[PPy=0.3]PPy=0.4/PPy=0.5PPy=0.6|/Py=07 ["Py=0.6/PPy=0.9| Increment
ksi_ | in2 | kips | in in in3 | kAt | kft | k-ft. | k£t | kft | Kfr | kfr | kAt | k-t | kft. k-1t
/AWF426| 42 | 1253 | 826/ | 1.20 | 434 | 8693 | 3043 | 2969 | 275/ | 465 | 2/6Z | /1843 | /1507 | //55 | 786.4 4014 | 3357
JanF398| 42 | 1170 | 4913 | 7.17 | 4.3/ | 8030 | 28// | 2743 | 2537 | 2270 | /1989 | /694 | /384 | /060 | 720.8 | 3676 3099
JANE3T0) 42 | /1088 | 45G9 | 708 | 427 | 7373 | 258/ | 25/8 | 2330 | 2083 | /1823 | /550 | /12606 | 9680| 6579 | 3352 | 285.0
a2\ 4z | 1006 | 4225 | 699 | 424 | G730 | 2350 | 2298 | 2/27 | 1899 | 16GO | /410 | /150 | 8780| 5966| 3037 | 2604
/ancgzo| <2 | 942 | 3953 | Go3 | 417 | 5922 | 2073 | 2032 | /1909 | /7// | /1394 | /268 | /033 | 7889 | 5352 | 2722 2338
18314 42 | 9230|3877 | 690 | 420 | G/.5 | 2/40 | 2088 | 1927 | /7/9 | /50/ | /274 | 1037 | 7917 | 5370 | 273./ 2363
1dNFe87 | 42 8437|3544 | 08/ | 417 |55.0|/93/ | /883 | 1738 | /548 | /1350 | //144 | 93/0 | 7098 | 48092 | 2d4.3 2/134
/4F264| 42 | 7163|3260 | G674 | 4.14 | 5024 | /758 | /7/5 | 1583 | /408 | /1226 | 1039 | 844.0| 6429 | 4352 | 2209 /194.5
IAWF286) 42 | 7233|3038 | GG8 | 412 | 4645|1626 | 1585 | 1462 | 1299 | 113/ | 9567 | 7768 | 59/2| 5929 | 2028 | 1/72.9
/a3’ 42 | 6969|2927 | Go5| 4.1/ | 4454 | 1559 | 1520 | /1402 | /1235 | 1083 | 9/62 | 7436 | 5657 | 3825 | /939 | /720
1dan228| 42 | G700|28/7 | GGZ | 4./0 (4272 | /495 | /458 | /343 | /193 | /037 8768\ 7/1.4 | 64/0| 3650\ /853 | 1654
ANE2I9 | g2 | 6436|2703 | G659 | 408 | 4080 | /428 | 1392 | /283 | 1139 | 9900 | 8365 | 06783 | 5/50 | 3483 | /76.4 168./
14 W21/ 40 6207|2855 | 656\ 4.07 | 3917 | /1502 | 1ded | /349 | /197 | 1040 | 87184 | 7/2./ | 54/ | 3654| /1850 | /6&.3
dE202 | 4G | 5939|2732 | G54 4.06 | 373G | 1432 | 139G | 128G | 1140 | 9902| 8359 | G773 | 5/4.4| 3473 | /758 | /58.6
MW I193 | 40 | 5673 | 26/0 G5/ | 405 | 355/ | 136/ | 1327 | 1223 | /1084 | 9405| 793.6 | 0427 | 4878 | 3292 | /60.0 /50.9
18184 40 | 5407|2487 | 649 | 404 | 3375 | 1294 | /260 |//G/ |/028 | 9.9 | 7522 | G089 | 4GZ. | 3/.G | /576G /1433
W17 | 40 573 | 2380 | G645 | <02 | 32/3 | 1232 | /200 | 1107 |978./ | 8482 | 7/50 | 5780 | 4389 | 2958 | 149G 1367
W I67 | 46 | 4209 | 2240 G642 | 40/ | 3029 | 116/ | 1132 | /043 | 9233 | 8003 | 674.3 | 5454 | 4/34 | 278G | /408 128.8
I1dNF158 | 46 | 4647 | 2/78 Gd0 | 400 | 2863 | 1097 | 1069 | 9836 | 8700 | 7537 | G347 | 5/3./] | 3888 | 26/9 | /1323 1216
QK50 | 46 | 44.08 | 2028 | 637 | 399 | 2702 | /103G | /1009 | 9289 | 82/.2 | 7/I.] | 598G | 4837 | 3663 | 2460 | /124.5 114.9
KBWIAZ| 46 | 4185|1925 | @32 | 397 | 2548 | 9767 | 952/ | 8780 | 775,/ | 6709 | 564.5 | 4559 | 3452 | 2323 | //72 108.7
AWF3e| 50 | 3998 | /999 | 63/ | 377 |2427 | 10/ | 9860 | 9/0.3 | 804G | 0904 | 5860 | 4733 | 3584 | 24.2 | /2/7 /127
1AW e7 | 50 | 3733 |/867 | 629 | 370 | 2259 | 94/3 | 9/7.5 | 840./ | 7d7.4 | 0466\ 5438 | 4390 3302 | 2234 | 1127 /04,8
1AW 7d 50 | 2170 (1088 | @o5 | 248 | /1256 | 5233 | 5/124 | 4795 | 426.3 | 368.3 | 3094 | 2495 | /168G | 1267 | @384 5938
4 - 68 50 20.00 | 1000 6.02| 246 | 1/14.8 | 4763 | 4684 | 4385 | 3897 | 3366 | 2825 | 2277 | 1720 | /155 | 5817 54.33
W53 | S50 | /559 7795 | 590| 192 | 87/ | 3629 356G/ | 9355 | 30/.5 | 260.4 | 2/85 | 176.] | 1330 | 8930|4496 | 415/
TABLE 1l—2




Reduced Plastic Moment Values For Various Axial Force Ratios
(For Sections Used as Columns)

A44| Steel
section| & | A P N * | ™ PhyoiPryrosPhrosryos P/:::J.S Ppy=0.6 [PPy=0.7 [PPy=0.8/PPy=0.9 incroment
ksi_ | in2 | kips | in | in_ | in3 | kft. | Kf | Kft | Kft | KfL | keft. | kft | Kfn | kefr | KR, kA1,
14 ¥ 48 50 14.11 | 7065 | 586°| 1.9/ | 785 |327/ | 32/0 | 3026 | 272.0 | 234.3 | 1965 | /563 | 1185 | 80./6 | 4034 37.47
12190 | 46 5560|2570 | 582 | 3¢5 | 3/1.5 | 1194 |1/60 | /08/ | 962! | 8388 7/08 | 578/ | 4400|2985 | 15/.6 132.8
12 ¥ 16/ 40 4758 | 2/80 | 570 | 320 | 2592 | 993G | 9698 | 8985 | 198./ | 694.4 | 5873 | 4767 | 3627 | 2452 | 124.3 110.¢
1ZWF133 | 46 | 391 | 1799 | 559 | 3./0 | 2097 | 8039 | 184.4 | 7262 | G440 | 559/ | 47/9 | 3822 | 2902 | /1959 | 99.// 8258
12WF 120 | 46 3535/ | /6ed | 55/ | 3/3 | /864 |7/45 | 6977 | 6472 | 5740 | 4978 | 4/97 | 3397 | 2577 | 1737 | 8782 79.91
W10 | 50 3119 | /1560 | 546 | 3.1/ | /634 | G808 | 66dB | G155 | 5453 | 4723 | 3978 | 32,5 | 2436 | 164/ 82686 7608
1RW99 | 50 | 2909 | /455 | 543 | 309 | /1518 | 0325 | @113 | 5717 | 5055| 4376 3683 | 2975 | 2253 | /516 | 7655 7074
2 w9z 50 2700 | 1353 | 540 | 308 | /402 | 5842 | 5702 | 8282 | 4673 | 4043 | 3400 | 2745 | 20718 | /1398 | 7052 05.38
12 W 50 50 147/ | 7355 | 5/8 | .90 | 726 | 3025 | 2964 | 2782 | 2478 | 2/4./ | 1798 | 1450 | 109G | 7360 | 3708 3445
| 2w 45 50 1384 | @620 | 5./5 | 194 | 048 | 2704 | 2650 | 2487 | 227 | 1914 | 1607 | 1294 | 9775 | G562 | 3304 708/
0N 112 | 50 | 3292|/646 | 4.67 | 2G7 | 1475 | G/4.6 | 5996 5548 4932 | 4293 | 363/ | 2948 | 2244 | /15/.8 | 7696 G8.26
JOWF /00 | 50 2243 /472 | 46/ | 2G5 | 130/ | 542/ | 5289 | 4894 | 4345 | 3717 | 3/9.1 | 258.8 | 1967 | 1329 | 67.3/ ©0.30
/O 89 | 50 | 26/9 | /310 | 455 | 263 | //4.4 | 4767 | 4650| 4302 | 38/.5 | 33// | 2794 | 2263 | 17.8 | 1/59 | 58,67 5308
oW 77 50 2267|1134 | 449 | 260 | 977 | 407/ | 3971 | 367/ | 3253 | 2820 2377 | 19272 1457 | 982/ | 4963 4535
1072 50 2118 | 1059 | 4.46 | 259 | 907 | 3779 | 3688 | 3413 | 3018 | 26/.4 | 2202 | 1780 | /349 | 90.82| 4587 4220
IOWeo | 50 1941 | 9705 | 444 | 258 | 828 | 3450 | 3364 | 3/07 | 274.8 | 2379 | 2002 | 1617 | 1224 | 8240 4159 38.44
OW45 | 50 1324 | 6620 | 433 | 200 | 55.0 | 2292 | 2259 | 2083 | 184.2 | /1593 | /1339 | 1080 | 8,69 | 5492 | 2769 25.80
8we7 | 50 1970 | 985.0 | 3.7/ | 2/2 | 70./ | 292/ | 285./ | 264.0| 234.7 | 204.1| 1725 | 1399 | /064 | 7.92 | 36.45 32,50
8 I¥F58 50 /7106 | 8530 | 365 | 2/0 | 599 | 2496 | 2430| 2258 | 199G | /73.3| 1463 | 1185 | 8998 | 6072 | 30.73 2787
8 W48 50 [d.1/ 7055 | 36/ | 208 | 490 | 2042 | /990 /837 | /1624 | /407 | 1/18.5 | 9586 | 7266 | 4695| 24,73 e/

TABLE II—2



Reduced Plastic Moment Values For Various Axial Force Ratios
( For Sections Used as Columns)

A44| Steel

Mpc Aver.
section | O A Py Fx My z Mp I"’lp,,:o.l Poy-0.2]Py=0.3PPPy=0.4"Py=0.5/"Py=0.6 [Py=0.7 |/Py=0.8//Py=0.9 | Increment |
ksi ine | kips | in in in3 | kAt | Keft. | ket | kft | kfr | k=ft. | k=ft. | k-ft. [ kft | kAt k-ft. |
8 W40 | 50 1176 | 5880 | 353 | 204 | 399 | /1663 | 1623 | 1505 | /1327 | 1149 | 9660 | 78,00 | 59.03 | 39.7/ | 2003 /8.63 l'

8 w28 50 823 |4/.5 | 345 | 162 | 27/ | 1129 | 1/04 | /030 | 9/45 | 7903 | G6.40| 5355| 4049 | 212/ | /37/ /2.7 :

8 weo | 50 588 (2940 | 343 | /20 | /9] 7958 | 78/3 | 7377 | Ga5/| 57137 | 4815 | 3879 | 2930 | 1967 | 9903 9,124 I'
6 MZ25 50 735 | 3675| 253 | /43 | 179 | 7458|7279 | 6739 | 5967 5.7/ | 4357 | 3523 | 267/ | /18.00 | 2.095 8.328 li
|

G W25 50 737 |3685| 269 | /52 | 190 | 79.17 | 7740 | 7209 | 6390 | 55.37 | 46.58 | 3767 | 2850 | 19./19 | 9688 8.9/5
|

G816 | 50 472 |2560| 259 | 090 | /.6 | 4833 | 47.44| 4476 | 4020 | 3480|2929 | 2366 | /792 | /2.06 0088 5525
N-Nr4 50 353 |/76.5 | 248 | 090 | 83 3458 3402| 3233 | 29580| 253/ | 2125 | 1713 | 1295 | 8,695 | 4.380 3992 l
5m /89| 50 556 (2780 | 208 | 120 | /l./ 4625 | 4522 | 42/3 | 3738 | 3243|2735 | 22/4 | /1680 | /133 | 8727 520/ l

S5Ww/85| 50 545 (2725 | 2/6 128 | /140 | 4750 | 4633 | 4283 | 3768\ 3266 | 27153 | 2227 | 16.89 | /.38 | 5752 5297
5 W o 50 470 2350 | 2./3 126 | 960 | 4000 )| 3904 | 36./6 | 3202 | 2772 | 2333 | /1885 | /427 | 2607 | 4850 4.474 Il.
! 4 /3 50 582 | /910 172 099 | 630 | 2625 | 257/ | 2409 | 2134 | /1852 | /1562 | /2G4 | 9.595 | 6472 | 3273 2972 Ii
|

ami3 50 782 | /9/0 | G5 094 | GI0 | 2542 | 248/ | 2298 | 2038 | /7.7/ 1495 | /212 | 9203 | &2/2 | 3145 2834

TABLE II—2 l
|



PART IIT - MOMENT-?OTATION CURVES FOR BEAM-COLUMNS

For specified values of axial load ratio
P/Py and slenderness ratio h/ry, these curves give
the relationship between end moment and end rota-
tion for beam-columns with the following three
types of end conditions:
1. Moment applied at one end and pinned
at the other end, q = 0. Charts

ITTI-1 to III-T.

2. Equal end moments causing symmetrical
single curvature bending, =~J.O.
Charts III-8 to III-1k.

3. Moment applied at one end and fixed at

the other end. Charts III-15 to III-21.

The curves for the case of g = 0 can also be

used for columns bent in symmetrical double

curvature (g = 1.0). An equivalent slender-
ness ratio equal to one-half of the actual
slenderness ratio should be used to enter

the curves.

The basic information used in
preparing the curves was the column deflec-
tion curves (CDC's), whose properties are
described in Lecture 9. 1In calculating the
needed CDC's, the moment-thrust-curvature
relationships shown in Fig. 4.7 were used.
These relationships include the effect of
cooling residual stresses present in the
members (Fig. 4.4). All the moment-rotation
curves are for A36 steel colums (oy = 36 ksi)
subjected to bending moments about the strong

axis. The end moments are nondimensionalized



with respect to the reduced plastic moments
corresponding to the specified P/Py ratios.
The rotations are given directly in radians.
All the curves terminate at the rotations
corresponding to the occurrence of local
buckling at the highly strained regions in

the columns. (Lecture 4, Ref. L4.3L4)

The curves can also be used for
columns having yield stresses different from
36 ksi. However, the slenderness ratios and
rotations must be adjusted according to the

following formulas:

5
(g;>equ <§§>oy §%

and '

The required moment-rotation curves can be
found from the appropriate charts for the
equivalent slenderness ratios. The rotations
may be determined directly, without the above
adjustment, by using the second scale which
gives the ratio 6//3; . The desired end rota-
tion is equal to the ?alue read off from the

scale multiplied by‘/ey or /oy7E

The moment-rotation curves have been
used to obtain solutions to special restrained
column problems (Lecture 10) and to develop
design methods for columns in braced and un-

braced frames (Lectures 11 and 18).
Example: A 10WF39 column (A36 steel) with
h/r, = 35 and P/Py = 0.40 is subjected to
equal end moments causing single curvature

bending. Determine the maximum value of the

end moment and the corresponding end rotation.

- . G G O G D G G = &R = == -



Entering Chart III-9 and locating the curve

for h/ry = 35, we find My/Mpc = 0.80. The Mpc value

of the section is found from Table II-1 to be 98.3
kip-ft. Thus, M, = (0.80) (98.3) = 78.6 kip-ft. The

corresponding end rotation is epeak = 0.022 radians.

Additional examples illustrating the appli-
cations of the curves to ALLl columns are given in

Lecture k.
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PART IV - CHARTS FOR ANALYSIS OF RESTRAINED COLUMNS PREVENTED FROM SWAY

These charts give the moment-rotation
relationships of beam-columns subjected to end
moments of various combinations. The symbols

used in the charts are defined in Fig. IV-1.

./ip\M dP\M

N )
6 | 6
h
.
qhﬁ\\*// \\ﬁztﬂw
P P
Positive q Negative q

SYMBOLS USED IN CHARTS I¥-1 TO I¥ -12
Fig. IV -1

The moment ratio q is considered positive when
the two moments act in the same direction and
negative when they act in the opposite direction.
The range of gq values included in the charts

varies from +5.0 to -5.0.

The charts were prepared for A36
steel columns (oy = 36 ksi) from the basic
column-deflection-curve data which were used
in developing the moment-rotation curves given
in Part III of this booklet. The CDC data were
rearranged and cross plotted to yield the neces-
sary information for the charts (Lecture 9, Ref.
9.15). These charts can also be used for columns
with different yield stress levels by following

the procedure described in Part III.



The application of the charts to
the analysis of restrained columns which are
prevented from sway is outlined in ILecture 10.

The charts can be used to find

1) The end moment ratio of a
beam-column when the moment
and rotation at one end are
known, or

2) The rotation at one end when
the moment at the same end and

the end moment ratio are known.

Example: A 14WF26L4 column is subjected to an axial
force of 1960 kip and two end moments, one equal to

385 kip-ft and acting in the clockwise direction,

and the other equal to 193 kip-ft and acting in
the counterclockwise direction. The column is
made of A36 steel ahd has a length of 14 ft.
Determine the rotation at the end where the

larger moment is applied.

For the 1LWF26L4 section, Py = 2795 kip,

ry = 6.74 in, h/ry = 25

P 1960 .
-P—; = 57—9—5- = O-T, N[pc = 551 klp-ft
(Table II-1)

M _ 385 _ _ 193 _
Mg ~ 551 - 0T 4= 385 = 00

The rotation 6 is found from Chart IV-5 to be

0.004 radians or 0.0265 radians.
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PART V - CHARTS FOR ANALYSIS OF RESTRAINED COLUMNS PERMITTED TO SWAY

These charts were developed for ana-
lyzing restrained columns which are permitted
to sway in the Plane of bending. The symbols
used in the charts are defined in Fig. V-1.

The column is subjected to combined axial and
lateral forces, P and V, the resultant of which
acts in the direction of the thrust line. The
angles & and B are measured with respect to
this line. The charts can be used to determine
1) The angle  when the moment M and the
angle ot at one end are known, or

2) The angle o¢ when M and B are known.

The basic information used in the
development of the charts was the column-
deflection-curve data which were also used

in preparing the charts contained in Parts

IIT and IV of this booklet. The charts were

prepared for A36 steel columns (oy = 36 ksi)
according to the procedure outlined in Ref.
9.15. They can be used also for other steels
if the modifications described in Part III
are made. The application of these charts

to the analysis of restrained columns with

sway is illustrated in Lecture 17.



Y, Thrust
Line

All quantities as shown
are positive

SYMBOLS USED IN CHARTS ¥-I TO ¥-i2 AND
ILLUSTRATIVE EXAMPLE

Fig. V-1

Example: A 14wF158 column, 16 ft. long, is dis-
placed through a distance of A = 2.13 in. when

subjected to the following loads:

P = 1000 kip, V = 2 kip, M = 73.5 kip-ft

The column is made of A36 steelAand is a part ©
an unbraced frame. Determine the slope © of the

deformed column at the upper end.

For the 14WF158 section, Py = 1673 kip

ry = 6.40 in, h/ry = 30.

= - 0.6, M, = bo2 kip-ft
P, 1613 Ve (Table TI-1)

The angle between the thrust line and the

and the chord rotation is

4 _ _2.13 = 0.0111
h T (32) (16)

. o . = 0.0131'
Combination of 7 and A/h gives the angle P
M
Fntering Chart V-2 with the computed values of Moe

i ere-
and B , we find o = 0.0163. The slope © is th

fore equal toot - T = 0.01k3.
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PART VI - CHARTS FOR DESIGN OF COLUMNS IN UNBRACED FRAMES

These charts give the lateral load vs.
sway deflection relationships of restrained col-
umns which are loaded by a constant axial load P
and a gradually increasing lateral load Q. In
addition to these loads, the columns are also

subjected to a bending moment M, defined by

k-

in which h/2 represents the column height and
2/2 the sway deflection. The reason for choos-
ing such a moment is discussed in Iecture 18.
Each chart is fér a given combina-
tion of P/Py and h/r, ratios of the column.

The lateral load Q is nondimensionalized as

Qh yith M@c being the plastic moment of
2Mpe

the column corresponding to the given P/Py ratio.
Each curve in the chart defines the relationship

between and é for a constant restraining

QM?C

function. The sloping lines in the charts give
the load vs. deflection relétionships obtained
from a rigid-plastic solution (Lecture 18). The
symbol M, represents the maximum restraining mo-
ment that can be provided by the restraining

member .

The charts were prepared from the moment-
rotation curves given in Part III of this booklet
(Charts III-1 to III-2) according to the procedure
described in Lecture 18. The applicatibn of these
charts to the design of columns in unbraced frames

is explained in Lectures 18 and 19. The following



example will illustrate the use of these charts in

solving restrained column problems.

Example: A 14WF219 column, 6 ft. and 10 in. long,
is framed at its top to a 21WF62 beam having a
span length equal to 21 ft. and 4 in. The lower
end of the column and the far end of the beam are
both pinned. The column is subjected to a con-
stant axial force P = 1855 kip and a vafying
lateral force Q. In addition, a moment Me

is applied at the top of the column which is
related to the forces P and Q according to the
formula given above. Both the column and beam
are made of A36 steel. Determine the maximum

lateral force that can be resisted by the column.

For the 14WF219 section, Py = 2317 kip,
1% = 6.59 in, h/r, = 25. |

P 1855 .

-P—- = 2—31—7 = 0.8, IVIPC = 299 klp"ft

For the 21WF62 section, 2 = 14L.1 ind

L

Mp.= 432 kip-ft, I, = 1327 in'.

X

Note that the plastic moment of the
beam is larger than that of the column. A
plastic hinge will therefore form at the top

of the column.

Restraining function

3EI (3)(29,000)(1327)

I, Mpe = T12)(21.3)(12)(299) °'pe

125 BMpc

Entering Chart VI-17 and locating the cilrve for

M_ = 125 6M__, we find the peak value of —%&
r joJel 2M

pC
to be 0.193. Thus the maximum lateral force Q

is

0.1 2 .
(Qpax = ( 6?3%( 9) = 8.4k kip
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