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A Study on the Static Analysis of the Helically
Curved Members using Finite Element
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Abstract

The curved structures in space, such as multi-level interchanges, ramped structures,
and circular curved structures can be modelled as helically curved members with const-
ant helix angle.

This paper presents a finite element approach for the analysis of the static and the
free vibration characteristics of the -helically curved members by using the 7th order
Hermite interpolation functions.

This method is used to find more accurate solution of the static and dvnamic responses
of them than those of the previous studies.
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Z12] 2.2 Stress Resultants and Uniform Loads of
Differential Element
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E 8.1 Definition of Boundary Conditions

Boundary Condition Displacement
w 1 &, w’”’ w’’
Axial | Tree 0
Direction Fixed 0
u oy ky ky'
‘Rad_ial Free 0
Direction Pinned 0 0
| Fixed 0 0
v || k| R
Vertical Free 0
Direction Pinned 0 0
o Fixed 0 0
s |0 | oo
Torsional | Free(WF) 0
Direction | rimmed |0 0
Fixed(WC)l 0 0

%0 : Constrained Degree of Freedom
WF : Warping Free
WC : Warping Constraint
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o] 3, HFFsF P=20k, T=-20k-in
o] FE&Y AL FELEHF p=0.22 k/in 1=
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EREE A3}t

9 2 avle 2y 4.2 Fen HH A
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a=160 ft, A=36 in}, I,=I,=108 in*
Ia=0, K.=216in*, a=0,
B£=180°,  E=30%k10° psi, v=0.3,

p=0. 000735 Ib-sec?®/in¢.
22| 4.1 Horizontally Curved Beam with 6°/36"/
Cross Section

i 4.1 (a) In-Plane Bending Moment My of
Ashwell’s Model

(in ft-1b)
E”;ggﬁg Ashwell  br~ent | Exact Ef ;Z;
0 (17.7090)]  17.6969
x/32| 11.0216] 10.8815 10.8814 0. 0009
3%/32] —0.0257] —0.1833 —0.1833] 0
7/8 (4.3255)] —4.3261
5x/32 7.3170 7. 4865 7.4866| 0.0013
7x/32) —10.5740] —10.7476| —10.7477| 0. 0009
/4] (-10. 8198)| —10. 8168
or/32| —9.6689] —9.8413 —9.8414( 0.0010
117/32] —4.6382] —4.8023 —4.8024] 0.0021
37/8 (—0.7999)] —0.7874
13x/32 4. 3253 4. 1756 4.1755  0.0024
157/32f 16.8770 16.7475]  16.7474 0.0006
n/2 (24.2736)] 24. 2857
sk 16 Helically Curved Finite Element in Present
Study
8 Helically Curved Finite Element in Parent-
hesis

B4 H25 - 198848 6 1

MAoet, =F geAXN" LHFHARA
A AFAEF H4AFE FF vlmaly
E 4.34¢] BASA.

HAAF A =oE 2, 29 4.3
7o) FFnukAe] 100inol™ 5inx10in & F3

I 4.1 (b) Shear Force Q, in x-Axis of Ashwell's

Model

(in inches)

zzs&it;%‘;) I Ashwell T Present | Exact E(r 32;
0 (—0.4617)] -0.4591

/32 —0.4075 —0.4079 -—0.4079 0.

3x/32] —0.2039] —0.2942 —0.2942 0.
n/8 (—0.2342)| —0.2330

57/32] —0.1691] —0.1692 —0.1692 0.
/32| —0.0377y —0.0377] -0.0377
/4 (0. 0287) 0. 0289

97m/32 0. 0951 0. 0952, 0. 0952 0.

11%/32 0.2243 0. 2245 0. 2245 0.
3z/8 (0. 2903) 0. 2862
137/32 0. 3449 0. 3452 0. 3452
157/32] 0. 4522 0. 4526 0. 4526
/2 €0.5073) 0. 5000

sk 16 Helically Curved Finite Element in Present
Study
8 Helically Curved Finite Element in Parent-
hesis

E 4.1 (¢) Axial Force N of Ashwell’s Model

(in 1b)
Position Ashwell | Present | Exact Error
(radians) (%)
0 0. 5004
/32 0. 5417 0. 5434 0.5426] 0.1474
3n/32 0.6108 0.6121 0.6118 0.049
/8 0. 6375
5732 0. 6563 0. 6580 0.6574] 0.0913
Tm/32 0. 6767 0. 6784 0.6778 0.0885
w/4 0. 6782
97 /32 0. 6710, 0.6727 0.6721} 0.0893
117/32 0. 6396 0. 6411 0.6406/ 0.0761
3r/8 0. 6155
137/32 0. 5836 0. 5853 0.6155  0.1369
157/32 0. 5051 0. 5845 0. 5059 —0. 2767
/2 0. 4621

sk 16 Helically Curved Finite Element in Present
Study
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¥ 4.2 (a) Vertical Displacements and Out-of-Plane Bending Moments of Chaudhri Model with Both Ends

Pin-Jointed
Vertical Disﬁlacement Out-of-Plane Bending Moment
Load Case 1/4-span | 1/2-span | 3/4-span | 1/4-span | 1/2-span | 3/4-span
(in) (in) (in) (k-in) (k-in) (k-in)
1) CL Exact 0. 5797 0. 8224 ( 0. 5797 50.08 98. 41 50. 08
P=30 2HF 0.8224
(k) 2 AF 0.8210 |
T=—20 4 HF 0. 5797 0.8224 0. 5797 50. 00 98. 27 50. 00
(k~in) 4 AF 0.5790 . 0. 8210 0.5790
2) DL ‘ Exact 0.7349 1.038 0.7349 73.74 98.62 73.74
p==0.22 2 HE 1.038 90. 27
(k/in) 2 AF i
t=-(.222 4 HE 0.7349 1.038 0.7349 73.29 98.17 73.29
(k-in/in) 4 AF |' 0. 7375 1.025 0.7375

sk CL : Concentrated Load
DL : Distributed Load
HF : Helically Curved Finite Element in Present Study
AF : Horizontally Curved Finite Element in Ashwell’s Study
(a2) Both Ends Pin-Jointed about M, and T

E 4.2 (b) Vertical Displacements and Qut-of-Plane Bending Moments of Chaudhri Model with Both Ends

Fixed
: Vertical Displacement i Out-of-Plane. Bending Moment
Load Case ' 1li4-span l 1/2-span | 3/4-span 4 1/4-span | 1/2-span | 3/4-span
o | G @ | G | Gein) (k-in)
1) CL Exact 0. 0095 0. 0200 0. 0095 —49.58 —3.028 —49.58
P=20 2HF 0. 0200 —2.281
&) 2AF 0. 0200
T=—20 4 HF 0. 0095 0. 0200 0. 0095 —49. 31 —2.887 —49.31
(k-in) 4 AF 0.0100 | 0. 0200 0. 0100
2) DL Exact 0. 00966 1 0.01825 0. 00966 —44. 65 —21.89 ~44. 65
p=0.22 2 HF 0.01825 —22.75
(k/in) 2AF 0. 01820 i
P, 222 4 HF 0. 00966 0. 01825 0. 00966 —44, 67 —22.03 —44. 67
(k-in/in) 4 AF 0. 00865 0.01824 0. 00065

%k CL : Concentrated Load
DL : Distributed Load
HF : Helically Curved Finrte Element in Present Study
AF : Horiziontally Curved Finite Element in Ashwell's Study
(b) Both Ends fixed about Out-of-Plane Bending Moment and Total Torsion
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E=29%10" ksi, v=0.3, p=0.735%10 *k-sec?/in*,

A=14.41 in®, I,=273.2 in*, I,=93 in*,
K,=1.39 in*, Ip=2073 in®, @==240 in,
L=180 in,

18} 4.2 Horizonatally Curved Beam with W10:k49

Cross Section

HE 4.3 Natural Frequencies of Chaudhuri’'s Model

Mode No. g;{:qctiency (gacli{igxfgggc (gaggggyec)
1 61. 982 61. 983 61.933
2 493. 555 684. 890 491. 546
3 784.152 777.967
4 1265. 131 1192.010
5 1334. 168 1307. 304

sk HCFEM : Helically Curved Finite Element
Method in Present Study
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e e T— Ty
T et
[\ o P [
N e — AT b
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e g
75
P

E=30:%10° psi »=0.3 p=0.7353%107% Ib-sec?/in*
A=50 in* I,=416.67 in* I,=104.167 in*
K,=286.25 in* Ig=0 a=100 in
B=75°
13l 4.3 Horizontally Curved Beam with 57:k10”
Cross Section

|

HHg e Y FATA HE, Fo] &
A" A+ AfAEHAY A3E Chaudhuri
9 HAAFGY vl wdte] B 4.49] EASEC

4.2 LME FMERe HE.

Ay FAEA f4d =2, Abdul-Baki ¢+
Bartel o] A®¥3g vAul7 240 ineln, YAF

BB 2910884 6 1

FHLaE A&

¥ 4.4 Natural Frequencies of Horizontally Curved
Beam with 55k 10’/ Cross Section

Mode N atural Frequencies in radians/second
Number P,I}if::;;t Chaudhuri | Error(%)

1 214.7 214.2 0.21

2 1180.0 1171.0 0.77

3 2825. 0 2791.4 1.19

A=55.8 in* I,=1890 in* I,==589 in*

K,==48.8 in* Ig==23600 in®* v=20.3

E=30%10° psi p=0.735%10"* Ib-sec/in*

a=240'in a=25° B=150°

Helically Curved Beam under Vertical Distributed
Load 0.5 k/ft

18| 4.4 Helically Curved Beam with W12:190
Cross Section

A zbo] 150° 91 Wi12x190 2l wfsle], hAl
71$7]7F 25%0) oFko] mAG A ¥
o] drAAH A$E FEI}Q FEEINF 0.5
k/ft7F 288 =9 A4 HH& AFsgoh

29 449 99 B 27E FARELH B
4.5% % 4.6 47 Sdo] zATY AL
Fro] A" A5, 87, 1649 A
A FAHE mAFH
Ah
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# 4.5 End Reactions of Both Ends Fixed Helically Curved Beam with a=25° and f=150°

Case (Unif) | Q@0 | QW NG M,(k-in) | My(k-in) | T(k-in)
8 HF —0. 499 ~13.01 —1.56 1441.7 -—-387.6 512.16
16 HF —0.433 —13.09 —1.61 1442.0 —387.3 512.03
Abdul-Baki -0, 370 —13.09 —1.35 1476.0 —324.0 487. 60

% HF : Helically Curved Finite Element Method

E 4.6 End Reactions of Both Ends Simply Supported Helically Curved Beam with a=25° and f=150°

Case (Unit) Q. (k) Q, (k) NS M, (k-in) M,(k-in) T(k~in)
16 HF 0. ~13.09 0. 1663. 74 0. 393. 85
Abdul-Baki 0. ~—13.09 0. 1663. 20 391. 85

sk HF : Helically Curved Finite Element Method

5. 2 E

1) § 41904 & & g5%o] Ashwell & 34
ARe Y89 vastd 0.2%9] HolE e
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A}l wd Bt AHIH HFstE AL ¢
4 Sirh

2) W9 A% ds], Heins ¢ Spates, 27
3 Chaudhuri 7} 49§ =€ Viasov 9 v
2y esre ¥ E 7§ Heins 9 Spa-
Ctes 9 AT e A FAEA ] HE WS
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A A7t e
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