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Abstract :  The mechanical response of constrained steel members under fire and axial compression is complex, and the thermal
internal forces make it difficult to determine and calculate their load-bearing failure. To simplify the fire design method

of constrained steel members based on the high-temperature load-bearing limit state of structural components, large-
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scale parametric analyses are carried out by finite element numerical simulation to determine the load-bearing and
failure behavior of axially compressed constrained steel members under fire. Based on the reliable numerical model,
the influences of slenderness ratio, axial constraint stiffness ratio, and initial load ratio on the fire response time-series
of axially compressed constrained steel members are investigated. The results indicate that all the above parameters
significantly affect the fire response of constrained steel members. When the slenderness ratio is large, axial constraint
stiffness ratio is small, and the initial load ratio is large, the unloading due to buckling can induce a reduction in the
residual axial force of the member, making it smaller than initial axial force at room temperature. Although the critical
temperature of the member in this case should be taken as the buckling temperature, it is still higher than the critical
temperature of fully constrained steel members corresponding to the specific initial load ratio at the same slenderness
ratio. On this basis, the least squares method is used to fit the relationship between the critical temperatures of axially
constrained steel members and the corresponding critical temperatures of fully constrained and unconstrained steel
members under compression, and the validity of the calculation method is verified by comparing the accurate results
with the existing codes and numerical examples, which provides a practical approach for fire-resistant design of axially
compressed and constrained steel members.

constrained steel member; axial compression; fire resistance design; critical temperature; fire response; parameter

analysis
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Fig.1 Axial compression-temperature curve of an

axially-loaded and constrained steel member'*
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Fig.2 Schematic diagram of numerical model
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Table 1

Critical temperatures of fully constrained steel members under axial compression C

Yo 10 20 30 40 50 60 70

80 90 100 110 120 130 140 150

0.10 804 778 741 709 689 677 667
0.15 756 727 687 662 642 625 612
0.20 712 689 654 623 599 581 569
0.25 684 663 622 589 565 545 531
0.30 662 638 594 561 533 512 494
0.35 640 613 570 534 504 475 453
0.40 618 592 548 508 470 437 415
0.45 597 573 526 480 437 404 352
0.50 580 554 505 451 406 334 288
0.55 563 536 482 424 347 279 241
0.60 547 518 458 395 293 238 207
0.65 530 499 435 335 252 207 182
0.70 514 477 414 288 221 184 162
0.75 495 454 380 251 195 162 144
0.80 473 431 327 218 169 143 129
0.85 451 410 262 183 148 129 118
0.90 428 331 207 156 132 118 109

655 646 644 645 648 652 657 662
599 588 585 586 589 593 598 605
557 544 540 541 544 549 555 562
520 505 499 499 503 508 515 523
483 463 456 455 458 465 474 484
440 426 418 416 418 425 434 444
401 390 367 359 361 374 393 409
322 312 315 304 302 309 324 346
264 255 258 266 261 263 274 290
221 214 216 224 231 230 238 250
190 184 184 191 202 205 210 220
167 161 161 166 174 186 189 197
150 144 143 146 153 161 168 176
134 130 129 132 136 140 146 153
121 117 117 119 121 124 129 134
111 107 107 107 109 112 115 119
103 99 98 98 98 101 103 107
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Table 2 Critical temperatures of unconstrained steel members under axial compression C
A
Yo 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

0.10 820 823 827 831 835 840 844
0.15 767 768 771 773 775 777 776
0.20 725 727 730 733 735 735 729
0.25 692 693 695 696 697 696 693
0.30 671 672 675 677 678 678 674
0.35 650 652 655 657 659 659 655
0.40 629 631 635 637 639 640 636
0.45 608 611 614 617 620 621 617
0.50 590 592 596 598 601 602 599
0.55 574 576 580 583 586 587 585
0.60 558 560 565 568 571 573 572
0.65 542 544 549 553 556 558 558
0.70 526 529 533 538 541 544 544
0.75 510 513 518 522 526 530 530
0.80 491
0.85 468 473 481 489 495 501 502
0.90 446 450 459 467 474 480 480

846 844 840 833 826 820 815 810
771 761 749 738 728 721 714 708
712 698 692 688 685 682 680 678
685 678 671 666 662 659 656 654
666 658 650 644 640 636 633 630
646 638 629 622 617 613 609 606
627 617 608 600 596 594 591 589
608 598 592 586 582 579 576 574
592 585 578 572 567 564 561 558
579 571 564 558 553 549 545 543
566 558 550 543 538 534 530 528
552 544 536 529 523 519 515 512
538 530 522 515 509 504 500 492
525 517 508 500 485 473 460 451
511 503 485 465 448 434 421 411
495 476 452 430 411 395 377 365
469 447 420 393 366 347 330 317
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Table 3 Cases where critical temperature of fully constrained axially loaded steel members deviates

by less than 30 C from exact value
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Fig. 7 Spatial truss plan layout(unit:mm)
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Fig.8 Fire conditions
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Fig. 9 Vertical displacement-member temperature curves

of joint with maximum deformation in spatial truss
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Fig. 10 Vertical displacement contour of spatial truss

at critical state of overall failure
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Table 4 Comparison of critical temperatures of

members under fire condition 1
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Table 5 Comparison of critical temperatures of

members under fire condition 2

HHHS oy, A k  Tu,/C T,,/C T.,/°C T,./C
E-3-T3 0.37 60 0.12 459 459 525 640
G-5-T4 0.46 63 0.09 374 403 462 614
B-4-T2 0.37 69 0.19 440 440 477 670
C-7-T3 0.30 75 0.16 490 490 523 639
D-6-T2 0.40 62 0.20 432 432 509 639
F-6-T4 0.40 62 0.19 432 432 503 638
E-8-X2 0.40 64 0.15 429 429 501 640

3.2 MIERGEHMHEHEGIRKIE

SRyt — 25 U B AR SCHR I IR T O R S
P, SR I — T T8 B6 T BT 28 45 44 X2 O i R AT IR IE -

AT 4 ST T PR AN P 11 R R, o g = 11.78 kN,
W BORFF R 1 o 0.5 Fr A 1 4FR 22 50 B31
BEL, B AR AT R R 4028 104> 500, IF 2% g LA JE 2k .
XL 1 A A8 A B RN S IR S PR e e An ik O ik 5 A
3.1 —3 . MHE IR SR R T S, SR O N A

WHBE ¥y, A & TuC T.,/C T.,/C T.,/C

F-3-T3 045 62 0.08 393 435 524 620
F-5-T1 0.40 54 0.07 457 463 514 640
G-5-T3 0.25 59 0.18 547 547 557 696
E-7-T2 0.25 62 0.22 542 542 574 695
E-3-T3 0.37 60 0.12 460 460 528 651
G-5-T4 046 63 0.08 374 424 516 603
F-6-T4 040 62 0.20 433 433 521 639
D-4-T4 0.34 62 0.17 478 478 519 662
G-6-T3 0.37 67 0.26 443 443 542 640
G-3-T4 0.25 62 0.20 542 542 583 695
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Fig. 11 Elevation of the truss (unit: mm)
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Table 6 Comparison of critical temperatures of

truss members

RS oy, A k T,,/C T,,/C T,,/C T,./C

2 0.46 52 0.01 423 589 614 620
6 0.37 83 0.05 421 482 579 632
4 0.43 56 0.05 440 511 600 628
10 0.12 62 0.09 659 659 719 815

11 0.15 69 0.12 612 612 703 776

12 0.17 80 0.14 582 582 652 746
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