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Comparative Study on Dynamic Effect of Basic Longitudinal Section Alignment
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(1.Tongji Architectural Design (Group) Co., Ltd., Shanghai 200092, China; 2.Shanghai Municipal Transportation Design

Institute Company Limited, Shanghai 200030, China)

Abstract: To improve the alignment in the old road reconstruction project, stress analysis was carried out, and
the alignment and smoothness parameters were used as the major variables in the dynamic equation. A “human-
vehicle-road” dynamic analysis model was established, and alignment comparison groups were set, with only
one group set with easing vertical curves. The Newmark-/4 method was used for programming and calculating
the dynamic effects generated by the basic alignment with a radius of 7 000 m. The vibration indicators such as
peak acceleration, root mean square of acceleration, vibration period, and frequency were used to analyze the
dynamic effects of the basic alignment group. By analyzing the causes and decay rules of the vibration zone,
the vibration zone and stable zone within the alignment were defined. The addition of easing vertical curves
significantly changed the vibration mode of the vehicle, greatly reducing the peak acceleration and root mean
square of acceleration to 5% within the conventional basic alignment and effectively eliminating the perception
of vehicle vibration. The influence of vehicle type, vehicle weight, and suspension system parameters on the
dynamic effects of the two alignment groups was analyzed. The addition of easing vertical curves greatly
reduced the vibration, making the alignment more adaptable to various vehicles. The coupling effect between
the alignment groups and different smoothness application states was analyzed. The coupling effect of the

conventional basic alignment in the vibration zone was more significant, with the root mean square of
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acceleration being 95%—161% that of the straight slope shape. After adding easing vertical curves, the coupling

coefficient approached 1, and the alignment was close to the ideal plane of the “human-vehicle-road” system.

Through the above research, it is found that adding easing vertical curves can effectively improve the vehicle

running quality of the alignment and enhance its adaptability to vehicles and road conditions.

Keywords: road engineering; longitudinal section alignment; dynamics; vehicle vibration; ride comfort
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Figure 2 Model stress analysis
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Table 3 Data for car driving at 120 km/h entering and exiting vibration zone with conventional basic

alignment in concave curve with a radius of 7 000 m
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Figure 3 Variation of acceleration, velocity, and displacement of passengers under conventional basic

alignment in concave curve with a radius of 7 000 m with time
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Figure 4 Acceleration, velocity and displacement of passengers under 7 000 m radius gradual and

concave curve conditions over time

F4 MEEI120 km/h BN )7 000 m EZEFM L E AL TR XK
Table 4 Data for car driving at 120 km/h entering and exiting vibration zone with basic alignment in

easing concave curve with a radius of 7 000 m

o — R Eramyil o5 =T
i | WAL AR/ WA/ WFRIARAR/ R/ mFRIARAR/ i A/
(0.01s) (mes?) (0.01s) (me-s?) (0.01s) (me=s?)
i A 54 150 248
Uik N 74 —0.005 060 169 —0.001 050 269 —0.000 149
B plieS 102 198 300
KRN
i TN 122 0.002 458 218 0.000 403 322 0.000 059
IS
bl 150 248 352
JiHA /s 0.96 0.98 1.04
B 2% /Hz 1.04 1.02 0.96
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55— JH oy B 5=
i H WV AR AR/ IR BEWEAE/  BEIARER/ BIEEEEGE/  WRRIARAR/ i R 0 fE /
(0.01s) (mes?) (0.01s) (mes?) (0.01s) (mes?)
L A 362 455 554
Edk 380 0.005 036 475 0.001 04 575 0.000 148
bliReS 408 504 606
KRN
s i FN 428 —0.002 450 524 —0.000 40 629 —0.000 059
bliReS 455 554 658
J /s 0.93 0.99 1.04
B/ Hz 1.08 1.01 0.96
Ly 894 989 1088
RPN 914 0.005 061 1009 0.001 045 1109 0.000 149
bliRes 942 1038 1140
T 0 s [R)
; ek 962 —0.002 460 1058 —0.000 400 1162 —0.000 059
fi IE 989 1088 1193
Ji 48/ 0.95 0.99 1.05
% /Hz 1.05 1.01 0.95
A 1201 1295 1394
BT ON 1220 —0.005 030 1315 —0.001 040 1414 —0.000 147
bliRES 1248 1344 1446
TR 5%
A Edk 1268 0.002 446 1364 0.000 401 1468 0.000 059
bliReS 1295 1394 1499
JE /s 0.94 0.99 1.05
W% /Hz 1.06 1.01 0.95
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Table 5 Influence of vehicle type, velocity and curve parameter factors on dynamic effect

i/ e Nfr/ BN/ EEE R R/ (mesT? ) IEEH R/ (mesT?)
5 it
(km=+h") m (m-s™?) INEHE KEH TN KEL
WL IR 2R B 4000 0.285 80 0.430 66 0.063 38 0.135 21
120 2R i 2k FE R 4O 0.277 78 0.006 45 0.008 53 0.002 05 0.002 33
A TC 5% £ X L 0.022 60 0.019 80 0.032 30 0.017 30
H IR L 000 0.291 97 0.344 19 0.062 38 0.122 77
100 8 I 2k SR £k 0.257 20 0.005 12 0.006 74 0.001 61 0.001 92
TG A £ X L 0.017 60 0.019 60 0.025 80 0.015 70
W LR L 000 0.285 09 0.360 64 0.064 66 0.113 28
80 2% A% il 2k FL Rl 0.246 91 0.004 61 0.005 16 0.001 44 0.001 59
£ TG AL X L 0.016 20 0.014 30 0.022 20 0.014 00
T IR 2R 200 0.195 63 0.290 74 0.053 37 0.081 99
O
60 2% A% il 2k LRl 0.185 19 0.002 97 0.002 94 0.000 88 0.000 91
Sy I EPoEd 0.015 20 0.010 10 0.016 50 0.011 10
IR 2R 8 00 0.187 66 0.216 40 0.058 94 0.064 21
40 28R i 2k AR 4O 0.176 37 0.004 80 0.003 23 0.001 41 0.001 13
A TG 2% Al £ X L 0.025 60 0.014 90 0.024 00 0.017 60
L AL R £k 0.205 72 0.178 74 0.063 33 0.057 46
400
30 2% 1% il 2k LRl 2R 0.173 61 0.006 34 0.003 54 0.001 99 0.001 33
A TC 5% LR X L 0.030 80 0.019 80 0.031 40 0.023 20
LI A 2 0.129 94 0.110 88 0.040 07 0.032 02
300
20 2% 1% il 26 L ik 26 0.102 88 0.002 84 0.001 64 0.001 00 0.000 62
5 JG AR X L 0.021 90 0.014 80 0.024 90 0.019 50
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Table 6 Influence of vehicle mass variation on dynamic effect

i HIE Ak 2R % RN i 2R LR O N

Jii/ - - A3

PREWWEAE /R B AR/ o PRBNUEAE/ I BE Y AR/ o i

kg ., ., R R ., ., AR % i
(mes ?) (mes %) (mes ?) (mes™?)

1242 0.276 70 0.062 85 0.227 14 0.006 19 0.001 92 0.310 72 0.37

1380 0.285 84 0.063 38 0.22172 0.006 45 0.002 05 0.317 57 0.43

1518 0.294 75 0.063 59 0.21575 0.006 67 0.002 16 0.324 42 0.50

1656 0.303 49 0.064 02 0.210 96 0.006 88 0.002 27 0.330 63 0.57

1794 0.313 51 0.064 43 0.205 52 0.007 07 0.002 38 0.336 48 0.64

1932 0.323 47 0.065 00 0.200 93 0.007 28 0.002 48 0.340 79 0.70

T AR o i i 2 AU it 2R, 2 0 I 3 0 (A Din T

JE ¥ 7 R AT R MR A1

34 5 2% 1Y 2 AT AT 25 A1

& 2l R L, HL AT 25 IR B 4 0 RIS 2R AR G W A e

T 38 A0 5 i Ak 22

BARLERF AL, BRI ET 8.
W J3£ 1 BELJE Xt 22 496 4% 3l 4 5 il

KR IEFSY S

XSS 2% o AW LA TR 08 2%

LEH e A B Al X A 2 R

FRA

SUFT IR Bl i (B BE

Jo 8 AR 25 G W J3E 2 S50 T 34 A T 3 R 4 5 AR
02 Se R A A B KA o RN IR Sl e A B 3 FH

JE 22 B0 3 i B, 0

Ey 1 QiR: ) TRV A N

210 2.14%~2.26% , Nk

JE 3% 75 AR U it 3 BHL e

15 28 F1 0% il 4R FE AR R AR A
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Table 7 Influence of vehicle front suspension stiffness on dynamic effect

LR L

118 i 2k i T

AR AR R/ EERS
o PR/ R XEI IR/ o PRANIEME/ PR3N XS A/ o o
(kN+em 1) , ) A SR ) , AR W
(mes %) (mes %) (mes ?) (mes?)
10 0.307 08 0.063 68 0.207 39 0.007 65 0.002 14 0.279 74 0.35
17 0.285 84 0.063 38 0.22172 0.006 45 0.002 05 0.317 57 0.43
24 0.266 45 0.060 17 0.225 83 0.005 67 0.001 88 0.330 87 0.47
31 0.249 28 0.055 21 0.221 49 0.005 11 0.001 66 0.323 80 0.46
38 0.234 10 0.050 41 0.215 32 0.004 68 0.001 49 0.318 97 0.48
x8 FHUBEMBERMITEINNERNNZ ST
Table 8 Influence of vehicle front suspension damping on dynamic effect
g TS 2% FN % il 26 L il 26

R ALBE e / ik

PRANEE/ PRX IR/ N B PR/ IRESIXEIITR, # )

[(kN+s)+m '] ) ) A R R ) ARG PR

(mes™?) (m+s™?) (mes™?) (m+s?)

1.5 0.285 84 0.063 38 0.22172 0.006 45 0.002 05 0.317 57 0.43

1.7 0.281 57 0.060 31 0.214 20 0.006 23 0.001 93 0.310 29 0.45

1.9 0.277 17 0.057 67 0.208 08 0.006 04 0.001 83 0.302 22 0.45

2.2 0.270 46 0.054 32 0.200 84 0.005 78 0.001 68 0.290 02 0.44
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Table 9 Influence of vehicle rear suspension stiffness on dynamic effect
B WL IE G50 i 2 BR Rl 2O .
Jri BRI R/ - — - — A8k
o PRBNIEAE/ PR X T AL/ L RENEE/ RSB ITAR/ o
(kN+em ) ., ., A AR R ., ., A1 AR Wik it
(mes?) (mes?) (mes %) (mes ?)
22 0.285 84 0.063 38 0.22172 0.006 45 0.002 05 0.317 57 0.43
32 0.288 72 0.064 41 0.223 08 0.006 43 0.002 01 0.312 12 0.40
42 0.291 32 0.064 42 0.221 12 0.006 42 0.001 92 0.299 10 0.35
52 0.293 67 0.064 31 0.218 98 0.006 40 0.001 91 0.297 66 0.36
62 0.295 81 0.064 28 0.217 30 0.006 39 0.001 82 0.285 40 0.31
F10 FHERLEMEEXTE 3 J1 5 5R K 0 43 i
Table 10 Influence of vehicle rear suspension damping on dynamic effect
fig RS S Gz R0k i A LR AOE )
Jr AR e / — — — — HRL
. PR/ PRI IR/ L PRI/ PRSI TR/ . - B
[(kN+s)em '] . . A7 AR i . ARG B
(mes %) (mes %) (mes %) (mes ?)
1.1 0.284 393 0.065 432 0.230 077 0.006 497 0.002 096 0.322 611 0.40
1.5 0.285 838 0.063 375 0.221 718 0.006 448 0.002 048 0.317 567 0.43
1.7 0.286 507 0.062 633 0.218 610 0.006 424 0.002 021 0.314 630 0.44
1.9 0.287 143 0.062 019 0.215 986 0.006 400 0.001 995 0.311 721 0.44
2.2 0.288 036 0.061 277 0.212 741 0.006 365 0.001 962 0.308 168 0.45
4 8
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Figure 5 Simulated road surface smoothness
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x11 EMEMEMSERFEERAYEITTEI LS
Table 11 Comparative analysis of coupling effect calculation between conventional basic

alignment and road smoothness

g/ (mes %)

- LR E
EYRE X AR AR Bl ARE X BB AIRE X ERRE X

H Y 0.046 4 0.088 4 0.092 8 0.0727 0.083 1

1.65 HR 0.046 4 0.1116 0.097 8 0.116 7 0.082 8
EENEVAER T 1.00 1.26 1.05 1.61 1.00

ek 0.1126 0.080 0 0.097 8 0.1120 0.096 1

2.12 HR 0.1126 0.128 6 0.099 8 0.116 9 0.096 3
HIR /Y 1.00 1.61 1.02 1.04 1.00

Y 0.1157 0.1811 0.292 0 0.157 0 0.214 0

3.11 HA 0.1157 0.2124 0.294 3 0.1556 0.2136
HE /Y 1.00 1.17 1.01 0.99 1.00

B 0.140 4 0.245 3 0.208 2 0.2529 0.246 2

4.05 HR 0.140 4 0.268 6 0.208 1 0.298 3 0.246 1
R/ Y 1.00 1.10 1.00 1.18 1.00

HY¥ 0.218 1 0.269 7 0.2815 0.236 1 0.257 4

5.29 HR 0.2180 0.256 8 0.280 1 0.262 8 0.257 3
HE /Y 1.00 0.95 1.00 1.11 1.00

12 EMNEHEZEREGEEERTEERSAMITEX LS
Table 12 Comparative analysis of coupling effect calculation between basic alignment of

easing vertical curves and road smoothness

JEEE/(mes %)

Ak LILIEE
HYRE X % M R 3h X ZMIEREX BMARSX  RBIILREEKX

HEMR 0.049 6 0.0935 0.106 0 0.078 3 0.076 8

1.65 =87 0.049 6 0.092 7 0.106 1 0.077 6 0.076 8
HZR/EH 1.00 1.01 1.00 1.01 1.00

HZR 0.088 7 0.0859 0.144 8 0.1076 0.0850

2.12 H Y 0.088 7 0.086 0 0.144 8 0.107 3 0.0850
HZER/H, 1.00 1.00 1.00 1.00 1.00

HER 0.107 8 0.2123 0.1210 0.170 1 0.220 8

3.11 H 0.107 8 0.2123 0.1210 0.169 8 0.220 8
HZR/ H 1.00 1.00 1.00 1.00 1.00

HZR 0.141 8 0.248 6 0.305 8 0.222 2 0.284 2

4.05 HI 0.1418 0.2490 0.3058 0.223 6 0.284 2
EZE B/ EH 1.00 1.00 1.00 0.99 1.00

HEMW 0.216 7 0.276 4 0.2396 0.254 8 0.257 9

5.29 =81 0.216 7 0.2755 0.2395 0.255 1 0.2579

HZ B/ HY 1.00 1.00 1.00 1.00 1.00
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