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Analysis on single-box double-cells unequal-wall-thickness girder due to
bending and restrained torsion by finite nodal-line method

GONG Yao-qing, LUO Ya-nan
(School of Civil Engineering, Henan Polytechnic University, Jiaozuo 454003, Henan, China)

Abstract: In order to investigate the mechanics characteristics such as deformation and stress
distributions of a real single-box double-cells unequal-wall-thickness girder subjected to bending
in its asymmetric plane and restrained torsion around its axis, a unified analytical beam model and
a finite nodal-line method were employed. The unified analytical beam model neither make any
assumptions about the out-of-plane deformation or stress distribution of the beam, nor limit the
aspect ratio of the beam. Displacement field of the whole beam was determined by the numerical

approximation using finite single-variable basic unknown functions. Stress field of the beam was
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determined by the strain field corresponding to the displacement field and the constitutive relation
of beam material. The exemplar study of a box girder revealed the global deformation features,
the cross-section warping characteristics, and the stress distribution of girder. Torsional center of
the cross section was determined as well, and the formula for obtaining the location of torsional
center was developed. The results show that as long as a single-box double-cells unequal-wall-
thickness girder is subjected to transverse loading (transverse force or torque) in its asymmetric
plane, the whole box girder does not have the problem of pure bending deformation in the
asymmetric plane. Bending deformation and torsional deformation of the cross section about the
axis of rotation are always coupled together. Cross section of the box girder produces warping
deformation, and the normal stress and shear stress induced by lateral loading are nonlinearly
distributed on the cross section. Location of the torsional center and the maximum values of both
normal stress and torsional shearing stress of the cross section change with the size of flange and
cells, especially the wall thickness of cells. The method proposed is especially suitable for solving
the mechanical analysis problems of short box girders with aspect ratio less than 3. For the
mechanical analysis problems of medium-long and long box girders without considering non-
restrained torsion, the method proposed not only reduces to the related problems of Timoshenko
beam and Bernoulli-Euler beam, but also can solve the problem of restrained torsion which cannot
be solved by the traditional beam theory of these two kinds. 4 tabs, 10 figs, 23 refs.
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nodal-line method; restrained torsion
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Fig. 1 Stress state of a space beam and selection of nodal-lines
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Simply single box double cells girder and its cross section
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Fig. 3 Geometry dimensions of single-box double-cells girder (section 1)

10 kN/mCH 23 M1 2Oy 100 N 125 f A2 mh s K D5 10 A F i B 3 A g 28 (s o0 1 A r 380AE 1RD

GER 5 58 FOAE D9 AR AR EL D X6 R B e 288 1] D BN T3 53 A DL LT BT 4. 6
0=[10 0 o]" M 4 A& 6 By BT R g o3 A Al LLA 7 TR —

R4 B3 R R HOR O L B A ER A E T 3 GO B R & RE TR X BY N ) 7E
LB T TR 00 % 26 N TR AR AR bR R 1 2 il P L A5 () R AR b0 3 A 5 e AN S AR B N ) 06 Y
MRR R E AVB.C D X 4 A~ NI B s 5k mT i 455K
Ay 5 R B8 (ODE solver) 3R i 1 28 (6) Fl =t 2.2 H2MiER

(7 R 5GP 65 Bl 5 T R L) 300 L T TEARTET 1 AR L5 25V 4R £ 500 kN« m/m
1 R R R R AR 7 B AR AR R 2R L b RS (SRS B0 T B4 A A8 1 R AR

A GEI O IED . AR 1 0] LU L 7 1 i Q=[0 0 500]"

TR oL (8 7K P8 1) 3 A TR S A SR AN 005 A ) CEA R/ L AR SR i G R A LI YR B

(L R% L  HoA R AR S HLO TR &1 5 ) X BT AR 2 2 IGO0 N B . R 2 AW T 1 ARG R
AAFAEALEE G5 D Pl w0 AL O FE RO FHEL RS J-T R b A TR AR 7 A A il OE Y g
Bom EJr. T 4 FR =6.0 m AR IO R 3 A TR 1A B2 A B i R T
R BY RSy oA AT LR R R 1 S AR R BTN RTEOL B AL v = O 1) B R e RS DL R R T 2R
Ty AN AR A R BT R B, B AR BB BRI M GE A IED .

EE VBT i K BT . K2 HE | BHRPAKRIHANTELE JJ EARBE
F1 HEIAREHHHEEONEATOROCBSHRER i B A i $8.5% 78 # IE A ) 07 i 4 7
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Fig. 4 Shear stresses distributions of cross section at x=6. 0 m under transverse load (section 1)
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Tab.4 Comparisons of displacements along axis z at

different sections due to bending (section 1)
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