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Natural frequency of simply-supported T-beam (unit: Hz)

second order Third order Fourth order Fifth order

Table 1
Span width ratio( L/2b) Number of vibration modes first order

1.75 Timoshenko beam theory 12. 408
1.75 Without considering self — equilibrium ~ 12. 107
1.75 Considering self — equilibrium 12.035
1.75 Finite element method 11.939

Shear lag contribution (% ) 3.01
2.63 Timoshenko beam theory 5.621
2.63 Without considering self — equilibrium  5.539
2.63 Considering self — equilibrium 5.534
2.63 Finite element method 5.428

Shear lag contribution (% ) 1.55

45.354 90.531 141.471 194. 624
43.659 87.250 137.039 189.455
42.297 83.276 130. 448 180.994
41.463 79.407 * ok k * ok ok
6.74 8.01 7.792 7.00

21.513 45.354 74.577 107.062
20.838 43.659 71.796 103.379
20.550 42.300 68.908 98.472
19.929 41.438 65.231 R
4.48 6.73 7.60 8.02
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3 ) T }Fﬁﬁ% ﬁ HL:‘{‘EI%A“HE% tﬁ [:E E/‘J ?ﬁ ﬂ@ , Jli%:ﬁ Hf, Fig.4 Dynamic stress amplitude of middle-span of the
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Table 2 Dynamic stress amplitude of simply-supported T-beam located at the crossing point E (unit: 10*Pa)
y p ply-supps g p
( Harmonic concentrated load)
Span width ratio( L/2b) Frequency value of harmonic force (Hz) 1 2 3 4 5 6 7
1.75 Timoshenko beam theory 5.7072 5.7943 5.9473 6.1801 6.5166 6.9975 7.6958
1.75 Without considering self — equilibrium (E point) 6.0884 6.1852 6.3558 6.6166 6.9959 7.5433 8.3495
1.75 Dynamic shear lag coefficients 1.0668 1.0675 1.0687 1.0706 1.0736 1.0780 1.0849
1.75 Considering self — equilibrium (E point) 10.860 10.999 11.246 11.623 12.173 12.967 14.198
1.75 Dynamic shear lag coefficients 1.9029 1.8982 1.8909 1.8807 1.8680 1.8531 1.8449
1.75 Finite element value (E point) 9.8963 10.313 10.627 11.115 11.638 12.569 14.103
1.75 Frequency value of harmonic force (Hz) 8 9 10 11 12 12.4
1.75 Timoshenko beam theory 8.7520 10.474 13.682 21.533 68.176 3626.3
1.75 Without considering self — equilibrium(E point) 9.5941 11.693 15.851 27.630 260.26 91.628
1.75 Dynamic shear lag coefficients 1.0962 1.1164 1.1585 1.2832 3.8175 0.0253
1.75 Considering self — equilibrium (E point) 15.963 19.061 25.300 43.749 1094.5 101.33
1.75 Dynamic shear lag coefficients 1.8239 1.8198 1.8491 2.0317 16.054 0.0279
1.75 Finite element value (E point) 16.348 19.726 23.604 39.115 842.662 76.476

G AR A 2 80 S, Bl R A A p = T 8 R BAR 39 i 98 3 1 3 08 oy /T B B8 AL A 3 A 532 B8 30 7 0
oy BARTTEITE A 1216 2 T IR R Sk AR bRz il T ZRW I, 285 15T ANSYS A7 FRITHY Extrude IREFE LAA , %l 7
TR, BB S AR T I R — 0 0,y 2 I LA L3R, 53— e A 2,y D7 Ay 3R, T[]

R3 BEXTHEEF SANFHEAEE (L6 10°Pa) (EHiEERS)
Table 3 Dynamic stress amplitude of simply-supported T-beam located at the crossing points F (unit: 10*Pa)

( Harmonic concentrated load)

Span width ratio( L/2b) Frequency value of harmonic force ( Hz) 1 2 3 4 5 6 7
1 L7072 5.7943 5.9473 6.1801 6.5166 6.9975 7.6958
1 0788 2.1235 2.2024 2.3229 2.4983 2.7515 3.1243
1 3642 0.3665 0.3703 0.3770 0.3834 0.3932 0.4060
1 5705 2.6352 2.7492 2.9238 3.1782 3.5463 4.1152
1 .4504 0.4548 0.4623 0.4731 0.4877 0.5068 0.5347
1.75 Finite element value (F point) 3219 2.4206 2.5348 2.6983 3.0235 3.4812 4.1434
1.75 Frequency value of harmonic force (Hz) 8 9 10 11 12 12.4
1
1
1
1
1
1

.75 Timoshenko beam theory

.75 Without considering self — equilibrium ( F point)
A Dynamic shear lag coefficients

.75 Considering self — equilibrium (F point)

.75 Dynamic shear lag coefficients

Do o bW

L7520 10.474 13.682 21.533 68.176 3626.3
7004 4.6720 6.5973 12.053 119.81 43.190
4228 0.4461 0.4822 0.5598 1.7574 0.0119
9356 6.3736 9.2708 17.841 506.08 49.576
.5639 0.6085 0.6776 0.8285 7.4231 0.0137
.2453  6.8117 9.9837 18.945 359.446 40.99%4

.75 Timoshenko beam theory

.75 Without considering self — equilibrium (F point)
.75 Dynamic shear lag coefficients

.75 Considering self — equilibrium (F point)

.75 Dynamic shear lag coefficients

wn O O W ®

.75 Finite element value (F point)
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4 HXTRRE W AEME(LA: 10'Pa) (EIEERH)

Table 4 Dynamic stress amplitude of simply-supported T-beam located at the crossing point E (unit: 10*Pa)

( Harmonic concentrated load)

Span width ratio( L/2b) Frequency value of harmonic force (Hz)

0.5 1 1.5 2 2.5 3

2.63 Timoshenko beam theory

2.63 Withoutconsidering self — equilibrium ( E point)
2.63 Dynamic shear lag coefficients

2.63 Considering self — equilibrium (E point)
2.63 Dynamic shear lag coefficients

2.63 Finite element value (E point)

2.63 Frequency value of harmonic force (Hz)
2.63 Timoshenko beam theory

2.63 Withoutconsidering self — equilibrium ( E point)
2.63 Dynamic shear lag coefficients

2.63 Considering self — equilibrium (E point)
2.63 Dynamic shear lag coefficients

2.63 Finite element value (E point)

8.5721 8.7381 9.0336 9.4923 10.175 11.194
8.9672 9.1438 9.4587 9.9490 10.683 11.786
1.0461 1.0464 1.0471 1.0481 1.0499 1.0529
13.727 13.941 14.321 14.913 15.800 17.133
1.6014 1.5954 1.5853 1.5711 1.5528 1.5306
12.806 13.297 13.592 14.464 15.629 17.558
3.5 4 4.5 5 5.5 5.6
12.772  15.411 20.513 34.016 161.43 979.43
13.514 16.459 22.358 39.415 507.95 305.01
1.0581 1.0680 1.0899 1.1587 3.1466 0.3114
19.223  22.786 29.939 50.734 699.17 337.90
1.5051 1.4786 1.4595 1.4915 4.3311 0.3450
19.746  23.505 31.524 46.028 546.136 281.926

—&—Timoshenko beam theory's value
—e—Withoutconsidering self-equilibrium (E point)
22 —o—Clonsidering self-equilibrium (E point)
—v—Finite element value (E point)

20 A

4
Dynamic stress amplitude of point E (10™pa)
>
L

Frequency value of harmonic force (Hz)
Fs 3 TIBRE T E 8 IEE IR (L =10 m) 4
(RS 1)
Fig.5 The Comparison of dynamic stress amplitude of middle-span of
simply-supported T-beam located at the

crossing points E (L =10 m) (Harmonic concentrated load)
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ANALYSIS ON DYNAMIC THEORY AND CHARACTERISTICS
OF THIN-WALLED T-BEAMS WITH WIDE FLANGES"

Gan Yanan® Shi Feiting
(School of Civil Engineering and Architecture, Yancheng Institute of Technology, Yancheng 224051, China
g g g 8 g

Abstract In consideration of shear deformation and shear lag effects, A new warping displacement mode of
T-beams is chosen to meet the axial self-equilibrium condition for corresponding stress, this paper proposes an ap-
proach of analyzing the dynamic characteristics of thin-walled T-beams with wide flanges generally used in engi-
neering. three generalized displacement functions are employed in analyzing dynamic response of the thin-walled
T-beams by calculus of variations, the differential equations and the corresponding natural boundary conditions of
the T-beams are induced based on the minimum potential principle, and the dynamic characteristics of thin-
walled T-beams are discussed. The calculation examples compare the finite solid element solutions with the ana-
lytical solutions, and the analytical solutions in consideration of the axial self-equilibrium condition is still more
identical with the finite solid element solutions, the formulas obtained in this study strengthen the theoretical

foundation for further research of dynamic characteristics of the structures.

Key words T-beam, shear lag effect, self-equilibrium condition, dynamic response, energy-variation

principle
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