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Design and Strength Test of 20 ft Open Top Coil Steel General Transport Frame

WANG Chen, ZHU Da-peng, YU Zhen

(Lanzhou Jiaotong University, Lanzhou 730070, China)

ABSTRACT: The work aims to study the coil steel transportation mode of 20 ft (1 ft=304.8 mm) 35 t open top containers
under the background of China's great efforts to develop container multimodal transportation, design two types of coil
steel frames according to different specifications of coil steel, and analyze and verify their strength performance. The So-
lidWorks software was used to establish a three-dimensional model of the frames. The Ansys Workbench software was
used to analyze the displacement and stress changes of the frames under static load and impact conditions, and then the
static load and impact tests were carried out. According to "Reinforcement Rules for Railway Cargo Loading" and
"Strength Design and Test Accreditation Specification for Rolling Stock-Car body-Part 2: Car Body of Freight Wagons",
the simulation results were compared with the test results. The displacement and stress deformation of the simulation re-
sults did not exceed the maximum allowable value of structural materials under static load and impact conditions. The test
results showed that the front and rear frames were in good conditions without obvious damage and deformation. The
maximum absolute deviation between the simulation analysis results and the test results of these two types of frames was
only 20.19 MPa and 22.23 MPa, indicating that the simulation analysis results had great accuracy. The model of 20 ft 35 t

open top coil steel transport frame designed in this work is reasonable. Its strength is in line with the specification re-
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quirements and can meet the needs of safe and efficient transportation of coil steel.

KEY WORDS: coil steel; open top; frame; finite element analysis; impact test
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Fig.1 Three-dimensional simulation of
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Fig.2 Three-dimensional simulation of
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Tab.1 Parameters of frames
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Fig.3 Simplified model of
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Fig.6 Static load analysis pattern of
type I frames

b NS

K7 ZREREE T o
Fig.7 Static load analysis pattern of
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Tab.3 Static load test results of type I frames
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Tab.4 Static load test results of type II frames

K F1/MPa I J1/MPa
A5 A5
FIW 2 53R B RAE FIW 2wk 3R EKME
1 -7.77 -11.23 -11.23 -11.23 29 —4.60 -2.63 -2.95 —4.60
2 0 -2.71 —3.33 —3.33 30 —14.79 —8.55 —7.88 —14.79
3 1435 9.9 12.07 14.35 31 .92 953 1470 —14T79
4 549 770 811 811 32 -26.63  —30.57  —28.60  —30.57
33 -21.03  -17.74  -11.51  —21.03
5 -9.15 —6.87 —4.99 -9.15
34 5.27 0.34 4.93 5.27
6 —4.58 -9.78 -8.32 -9.78
35 16.77 14.79 12.49 16.77
7 9.15 2.49 5.62 9.15
36 -5.59 -5.59 -3.62 -5.59
8 291 1.67 3.53 3.53 37 -0.34 -4.93 -1.98 -4.93
9 -15.19  ~-11.03 —9.36 —15.19 38 -19.07  -2038  -11.84  —19.07
10 -4.16 -7.70 -7.07 -7.70 39 20.06 9.21 13.80 20.06
11 4.16 0.63 2.49 4.16 40 -20.38  -21.03  —18.73  —21.03
12 19.14 8.74 11.65 19.14 41 5.27 7.23 7.56 7.56
13 -0.83 -5.83 -3.95 -5.83 42 -16.10 -17.74 —16.44 -17.74
14 6.66 6.66 499 6.66 43 1545  -21.70  —20.71 21.70
15 11.65 11.23 13.74 13.74 44 16.77 31.23 24.32 32.23
6 La1s 057 11.03 La1s 45 21.70 26.63 25.64 26.63
46 43.07 21.03 46.02 46.02
17 20.39 6.03 7.91 20.39
47 17.09 21.70 22.02 22.02
18 12.07 3.75 6.45 12.07
48 21.03 18.41 18.08 21.03
19 416 0.21 3.12 416 49 19.39 13.80 16.10 19.39
20 -187 =791 —6.03 —7.91 50 30.57 35.82 34.18 35.82
21 9.57 1.87 3.53 9.57 51 19.07 21.03 16.10 21.03
22 14.15 5.62 6.87 14.15 52 8.22 10.85 9.21 10.85
23 4.99 5.20 8.53 8.53 53 -56.54  -50.30 —54.89  —56.54
24 4.99 4.37 7.07 7.07 54 —56.22 —47.01 —49.31 —56.22
25 71.36 69.28 71.36 71.36 . .
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Fig.12 Impact loading scheme
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Fig.13 Diagram of impact test
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Tab.5 Test results of impact test for type I frames MPa
Mg  523km/h 5.05km/h 531km/h 6.20km/h - 6.36km/h 6.12km/h 7.66km/h - 7.51km/h e K{H
1 -7.74 —6.90 -7.23 -19.48 —28.26 -27.21 —53.34 —51.46 —53.34
2 -5.34 -4.91 -5.24 -9.55 —14.94 —15.48 —-30.03 -28.13 -30.03
3 _ _ _ _ _ _ _ _ _
4 23.67 23.20 23.08 25.77 36.67 32.46 59.41 62.45 62.45
5 —10.46 —10.65 —10.24 -12.92 —-15.25 -12.27 —26.71 -26.95 —26.95
6 —9.55 -9.07 —9.22 —27.07 -36.33 —28.58 —48.93 —46.93 —48.93
7 26.50 25.86 26.40 30.99 48.87 44.18 66.10 62.45 66.10
8 20.39 20.02 20.49 35.87 49.22 43.32 63.69 58.73 63.69
14 —4.58 —4.06 —4.79 -8.51 —6.89 -7.14 —-8.03 —-7.68 -8.51
19 —8.03 -7.36 —-8.03 —15.58 -16.50 -19.33 —15.58 —14.68 -19.33
21 5.79 5.26 5.87 9.15 14.94 13.09 19.96 19.16 19.96
22 14.62 13.58 14.52 18.08 25.59 20.08 32.68 32.29 32.68
23 11.46 10.44 11.72 14.13 20.89 19.64 32.64 31.13 32.64
24 9.34 8.87 9.07 13.66 17.76 17.72 28.83 27.48 28.83
25 18.47 16.90 17.96 62.35 55.98 64.55 78.56 74.13 78.56
26 — — — — — — — — —

e —FoR SR,
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Tab.6 Test results of impact test for type II frames MPa

&S 5.14km/h 5.19km/h 5.14km/h 5.06km/h 6.22km/h  6.29km/h  6.18 km/h  7.56 km/h % K{H

33 ~10.26 ~11.01 ~10.69 ~11.57 -9.30 -10.55 ~20.59 -14.89  —20.59
37 ~7.20 -6.83 -6.83 -11.28 ~10.05 ~11.28 ~23.97 -16.53  -23.97
38 -8.15 ~8.09 ~7.82 ~27.69 ~21.00 ~25.05 -36.53 -3439  —36.53
39 14.43 13.84 13.45 36.16 34.58 36.85 53.98 45.13 53.98
40 ~7.76 ~8.06 ~7.50 -8.62 -13.77 ~11.90 ~20.19 2413 -24.13
41 — — — — — — — — —
42 ~10.02 ~10.45 ~9.40 ~10.79 ~16.56 ~15.19 ~23.94 -2031  —23.94
43 ~10.69 ~10.16 -9.77 ~10.26 ~17.74 ~15.19 ~18.21 -14.82  -18.21
44 — — — — — — — — —
45 13.71 14.30 13.09 20.55 17.15 19.91 24.53 33.03 33.03
46 — — — — — — — — —
47 13.64 14.98 14.63 18.77 19.56 19.76 21.96 18.97 21.96
48 14.98 14.54 13.77 28.07 25.37 25.84 26.49 22.76 28.07
49 8.71 9.14 8.55 11.51 12.96 13.48 17.06 10.72 17.06
53 -10.23 -9.73 -9.70 -18.51 ~19.79 -22.45 -50.20 -46.09  —50.20
54 ~11.63 ~11.90 ~11.25 ~24.49 ~26.36 ~25.09 ~59.54 ~52.82  —59.54
e - TIN I P 757 N

WA 5 Mk 6 nl A, iR g R XPHEERINEER 7. 8 iR,
BRPE T iy, — 2 BRI A B i o B R g

KL S1°4 78.56 MPa #1-53.34 MPa, H¥AE 25 5 KT —KEEILER
{)ﬂﬂljj\'ﬁ 120 ; :%FJ@?&{EM@ E’\J%j{?j@jﬁ] ﬂlﬁ’x’ijﬁ Tab.7 Comparison results of type I frames
JE 3 7128 53.98 MPa F1-59.54 MPa, HiHAE 39 S T L Lo T BN Vo U Rt U B
5S4 B AEINY 2 KPR RN T o o o
Q345 BHLIFHLE 045 — T0LE HIRY J) 239 MPa 1% : 037 4438 2019
K. FEshA bR AT, BB OIR A SE AT, 2 ~33.36 1512 18.24
BOAIXT T AR TC WAL, 7E vhils i 78 v R BUE I 4 70.56 64.23 —6.33
JEZR N A B ACRE LG 50 5 A & BT AT (AR ] D 5 -36.1 ~18.64 17.46
HOHESRISTY | KRAETFSE . RS SO ] o 3iis 1556
3.3.5 AHMONERESX LS ; 7595 7318 07
T S5 B AZ 4 o LR 5 A 0 2 160 0 £ ‘ 6122 268 .06
AT, HHHEZEE AR NN PRET 55 mhr T 4 s 1199 318
RIS TR, FE 2 TINARITHr ' ' '
75 381 3 24 7 7 1 287 A PR 09 57 7 1165 T HJe AR 19 2349 3376 1027
PR fErhiikgd i, b TR e e F B4 b 21 29.53 38.18 8.65
AT, wplEERESE B2, Hit 22 46.83 43.63 3.2
B HEBR 32 7 fRT Ak R 3% 31 2 0 3 1) 7 5 90 m) g vh 5 23 4117 51.45 10.28
L S PRI OT 52 3 3 45 0 A 001 oy 150 as s

HEAT 4 PR, BSOS 1 ) 96 10
PFECHST0, 4~ # kAT e, B A R 2 e 1373 >
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Tab.8 Comparison results of type II frames

il 5 2y BN AR AN} i 22/

o MPa MPa MPa
33 —41.62 -30.99 10.63
37 -28.9 —21.449 7.451
38 -56.9 —42.401 14.499
39 74.03 78.77 4.74
40 —45.16 —-35.12 10.04
42 —41.68 —41.17 0.51
43 -39.91 -30.381 9.529
45 59.66 66.22 6.56
47 4398 43.43 —0.55
48 49.1 44 .81 —-4.29
49 36.45 39.47 3.02
53 —-106.74 -113.13 6.39
54 -115.76 —137.99 -22.23

ZREER 7. 8 WiHH, —JREBA R KA 2N
20.19 MPa, HHILTE 1 SIS, e/ haxHliZE A 2.07 MPa,
HBILLE 750 55 2R SR R4 254 22.23 MPa,
BT 54 SIS, F/MR2ZE(UCH 0.51 MPa, HITE 42
SR o PBEZREEAR N ) 434 LA, FEARA 0T BLHE
ks ki g5 R RBUHF], BAREREE; MAERA
A B A DR P, S BRAG IR 56 5 0 ELTT B B
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