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Abstract:

traverse method such as significant deviation between the

To address the shortcomings of traditional

traverse and the horizontal curve, this paper proposes a
“two-point method” for basic horizontal alignment design.
It is only necessary to use the two endpoints named “point
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of tangent to spiral” and “point of spiral to tangent” to
obtain the basic type horizontal curve family consisting of
three elements including the transition curves and the
circular curve. The total deflection angle (a) and total
tangent length (7) of the horizontal curve family are
known fixed parameters. First, the theoretical minimum
and maximum values of the transition curve length (Lg) or
the radius of circular curve (R) are calculated using the
iterative method (for symmetric type) or squeeze theorem
analysis method (for asymmetric type) , respectively.
Then, the design value range of Ly or R is determined
based on the technical requirements of horizontal
alignment. Afterwards, the traversal cycle is performed
based on Lg or R, and the corresponding deflection angle
of the transition curve (j) is calculated using an iterative
calculation method. Finally, the remaining parameters of
each element is determined. The results indicate that, the
“horizontal curve family” obtained through the “two-point
method” has a regular distribution and does not overlap
with each other, and all of the curves are located in “a
specific design area” with narrow ends and wide-thick
middle. The variation of parameters such as Lg, R,
circular curve length (L.) , and total horizontal curve
length (Ly) is very regular. The increasing and decreasing
of LS are opposite to those of R and L., while the average
of Ly is approximately fixed. Furthermore, the ratio of the
total tangent lengths is only solvable within the range from
0.5 to 2.0. The
controlling role of coordinate location points, making the

“two-point method” highlights the

alignment layout efficient. The design outcome presents a
series of horizontal curve families within a specific area,
rather than a single curve. This is beneficial for comparing
and selecting alignments based on actual topography and
design intentions,

thereby contributing to the

advancement of intelligent route design.

Keywords: road engineering; basic horizontal curve;

two-point method; iterative calculation; horizontal curve
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Fig.1 Composition and parameters for basic hori-

zontal curves using traverse method
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Fig. 2 Alignment and parameter diagram of

symmetric basic horizontal curve
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Fig. 5 Example of the “two-point method” design and calculation for symmetric basic horizontal curve
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Fig. 7 Main parameters and horizontal curve family of the “two-point method” design for symmetric basic
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Tab.1 Results of main parameters of the “two-point method” for symmetrical basic horizontal curve

Lg e R L Ly/L, Ly Lyy/Lya Np

0 0 1390. 915 776. 834 0.00 776. 834 0.9950
20. 000 0.007 374 5 1356. 029 737. 350 0.03 777.350 0.9956 6
40. 000 0.0151387 1321. 117 697. 851 0.06 777.851 0.996 3 6
360. 000 0.237 7040 757.244 62.925 5.72 782.925 1.002 8 21
380. 000 0.2633341 721.517 22.971 16. 54 782.971 1.002 8 22
391. 489 0.279 252 5 700. 959 0 oo 782.978 1.002 8 29

®2 XMEABEHMLFRE"L=200 mit&EiIE(5,=0.1)

Tab. 2 Calculation process of the “two-point method” for symmetrical basic horizontal curve at L¢=200 m

3,=0.1)

Np B, LB LB B, A~=IB, 8,1
1 0. 100 000 000 0.999 000 463 0.333 0953 14 0.097 079 331 2.92067x10°
2 0.097 079 331 0.999 057 971 0.333 109 010 0. 096 340 856 7.384 7510
3 0. 096 340 856 0.999 072243 0.333 112 409 0.096 154 162 1.866 94<10 *
0.096 092 019 0.999 077 027 0.333 113548 0.096 091 256 7.62483X10°7
0.096 091 256 0.999 077 042 0.333 113 552 0.096 091 064 1.92754%10° 7
9 0.096 091 064 0.999 077 045 0.333 113553 0.096 091 015 4.87278%10°"
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Tab. 3 Calculation process of the “two-point method” for symmetrical basic horizontal curve at Ly =200 m

($,=4.0)
Np By 1B L) B, A=B,—8,1
1 4.000 000 000 0. 230 830 968 0.110 482 307 0. 859 944 449 3.140 06<10°
2 0. 859944 449 0.928 538 573 0.316 135071 0.290 930 962 5.690 1310
3 0.290 9309 62 0. 991 569 020 0.331 323495 0. 145 645 470 1.452 8510
12 0.096 091 827 0.999 077 031 0.333 113 549 0.096 091 208 6.190 961077
13 0.096 091208 0.999 077 043 0.333 113552 0.096 091 051 1.565 061077
14 0.096 091 051 0.999 077 046 0.333 113 553 0.096 091 012 3.956 44X107°
4.3 FEMMELABHELER RIS R 5 RASR/ANER (WK 4 “GL" ) Xt
4- 3 1 Eﬁﬂgiﬁié/éiii%{ﬁ ﬂlnnnﬁﬂlmaxiﬂ://{?%ﬁ7%?%%@“%@”?@%];ZIKZT—\‘/fﬁU

I (20)~(21) R Jeid ik "W P2k 0l 20ad 231K .26 W57, 345 R, —643. 178
HB IR/ R R o (R 4) BB HEICERE R oo £ MR,0=1164. 917 m, HHEME A1 0X10 7%,
%Bﬁéijlﬁ’yglglmmzo\ﬂlmax:a:o' 610 865 238’ ‘{j_’\

R4 AENFREARBF 2T SR R R IR IR R /NFAR R, T EIT R

Tab. 4 Calculation process of the theoretical minimum radius Rmin0 of the “two-point method”" circular
curve of asymmetric basic horizontal curve
Ny Bimin Bimax P oA R, GL R, Ag=IR, —R)| ﬂl*,:’ﬁﬁ
0 0.610865238 0.305432619 0.305432619 696. 7366 4 > 589.88171  1.068549<10 2 Bimin

0.305432619 0.610865238 0.458 148929 0.152 716 310  598. 301 58 < 704.706 65  1.064 051 <10 LBimas
0.305432619 0.458 148929 0.381 790774 0.229 074 464  643. 883 63 > 642.35475  1.528 88110’ Limin

Tw o

21 0.382892407 0.382892990 0.382892698 0.227 972540 643.177 94 < 643.178 23 2.963525X107" B
22 0.382892407 0.382892698 0.382892553 0.227972685 643.178 03 < 643.178 12 9.420483X107° B
23 0.382892407 0.382892 553 0.382892480 0.227 972758 643.1780 8 > 643.178 07  6.868 99910 %  (453H)

4.3.2 HAWSHOTALAR 1,2 6 F T Bt RGE AL OB Ar A A,
R SRR AL AR SR S B, P NG RGEA S MK, Ny N 20 3 A AU
R LA PSR FEE, DIR=900mk  FIAPIRIERIREL.
®5 FENHRERBFHE AR TESHITESR (BUENERE)

Tab.5 Calculation results of main parameters of the “two-point method” for asymmetric basic horizontal

curve (improved double iteration method)

R B Be Ac Lg Lg Le Ly Ly/Ly

R o 0.382892 4 0.227972 8 0 492. 54 293.25 0 785.790 1.002 4

660 0.363467 7 0.216 248 6 0.031 1489 479.78 285.45 20. 558 785. 784 1.002 4

680 0.341834 2 0.202 829 0 0.066 202 0 464. 89 275.85 45.017 785.759 1.002 4

900 0.173403 1 0.087 230 4 0. 350 2318 312.13 157.01 315. 209 784.349 1.000 6

1140 0. 067 566 4 0.006 614 7 0.536 684 1 154.05 15.08 611. 820 780. 953 0.996 3

1160 0.0607 86 3 0.001 2845 0.548 794 4 141. 02 2.98 636. 602 780. 602 0.9958

R, .« 0.059 1558 0 0.551 709 4 137.82 0 642. 696 780. 519 0.9957
-2 S E RSN 8 PR A I BEE AT 22, BRI 248 R & Ls L,
4.3.3 ZIESEAEA Pt e B i/ ME S BB B K (H 32 T T K a R

(1) FAAE R 23 AT 0 35 3 BRZR T RYAERI RS ], Lo Lo 5 RASREIRI HU

PR, A A E S AL . (3) 55Xt PRIl 2 AR B, A3 B 2L P iy 2 e

(2) SR AR fr=Ts/Ts 4E(0.5,2. O)JER N JROCHMEAEH 8] FE | 125 A A DX 35870 61 P I iy
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Tab. 6 Calculation process of the “two-point method” for asymmetric basic horizontal curve at R=900 m (im-

proved double iteration method)

Ny ﬁl/} NORS Ny ﬂzp /82{, Aﬁ: IBZ{[ NN N Bim s 1q A/fm
(44,=0. 25a) 1 0.1527163 0.1287378 0.023978 5 . 0.152 716 3 0.1556924 0.002 976 1
8,=0.152716 3 2 0.128 7378 0.116 7608 0.011 9770 CZ!/:O 995 4036 0.1556924 0.157 1806 0.001 488 2
1 ¢=1.0121826 3 0.1167608 0.1107750 0.005 985 8 Lf: 0. ‘158 536 0 0.157 1806 0.157 924 8 0.000 744 2
¢;=0.104 752 4 19 0.1047909 0.104 7908 0.0000001 0.158 668 8 0. 158 668 9 0. 000 000 1

B LRBGEE IS5 2 8,= 0. 152 716 31,3,,=0. 158 668 95,4, =[A, —A, |=5. 953X 10 *, H4kLEk I

By=P1,) 1 0.1586689 0.1291824 0.0294864 1 0.1586689 0.1607884 0.002 1194

,—0. 158 668 9 2 0.1291824 0.1144582 0.014 724 2 @Zq;é)'é);’:f;f; 2 0.1607884 0.1618482 0.001059 8

9 ¢ =1.009 029 2 3 0.1144582 0.107 1000 0.007 358 1 L‘f: 0162 7641 3 0-1618482 0.1623781 0.0005299
¢;=0.099 711 1 19 0.099 7444 0.099 7443 0.0000001 =~ 16 0.162907 8 0.162 907 9 0.000 000 1

B 2 RBEE IS5 2 6,=0. 158 668 90.,5,,=0. 162 908 09,4, =IA, —A, [=4. 239X 10, T 4kLEE I

0.1734030 0.1302629 0.043 1401

1 0.1734030 0.173403 0 0.000 000 1

B =0.0872304 5 4 1734030 0.1734031 0

¢,=1.005 005 9
¢:=0.173 229 4

(B,=hy, ) 1
8,=0.173403 0 2 0.1302629 0.1087359 0.021 5270 P2
33 ,=1.001 2680 3 0.1087359 0.097 9808 0.0107551
c;=0.087 208 2 19 0.087 2305 0.087 2304 0.000 000 1

55 33U ACTHFESE B2 3,=0. 173 402 97 ,3,,=0. 173 403 07,4, =|A, — A, [=1. 002X 107, ek ftit51

(8,=8,,) 1 0.1734031 0.1302629 0.043 140 2
8,=0.173403 1 2 0.1302629 0.1087359 0.021527 1 P
34 ,=1.001 2680 3 0.1087359 0.097 9807 0.010755 1
¢;=0.087 208 1 19 0.0872304 0.0872304 0

1 0.1734031 0.1734031 0
=0.087 230 4

¢,=1.0050059
¢;=0.173 229 5
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Fig. 8 Main parameters and horizontal curve family of the “two-point method” design for asymmetric basic

horizontal curve
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Fig. 9 Comparison and analysis of horizontal alignment drawing of second-class highway
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