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A Study on the Effects of Refraction in the Precise Leveling
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Abstract

This paper aimes to study a refraction errors developed in the inclined leveling
route.

Based on Kukkamaki’s theory and morden meteorology, the author devised an exper-
iment to test how Kukkamaki’'s corrections was improved the -discrepancy between
fore and back leveling in actual slope.

Additionally, through the repedted observation between fore and back leveling at
one fixed station in the slope and experimental test of continuous inclined leveling route,
the author studied the effects of refraction and its characteristics.

We carried out leveling and temperature measurements in the continuous :inclined
leveling route of about 1.5km, and consequently, Kukkamaki’'s refraction correction
values using these respective C=~—0,1 and —1/3 values could improve the similar dis-

crepancy.
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B 1. Refraction Corrections by Repeated Observat%on between Fore and Back Leveling at one Fixed Station

in Slope.
L DS_ight 8~10(Hour) 11~14(Hour) 15~18(Hour) 5 ’W .
at: lzggce C R 7 R R | R * R 22 oA R, ope eather
(mm) {(mm) [(mm) {((mm) i({mm) {(mm) [(mm) |(mm) |(mm)
1986 =-0.1/0.02 | 0.02.| 0.03 1 0.03 | 0.03 | 0.07 | 0.01 { 0.02 | 0.02
9.19 30 1 2.9% [Cloudy
: C= 3 0.0210.02[0.,03[0.03]0.03]0.08)0.01]0.02]0.02
C=-0.10.05 | 0.07 | 0.2}0.06|0.11}0.28 | 0.05]0.08] 0.22 .
9.24 30 1 3.0% |Fine
C== — 0,05 007 0.2]0.06| 0.1]0.33([0.05]|0.08{0,26
C=-0.10.02 | 0.02 1 0.07 | 0.03 | 0.08 | 0.18 [ 0.02 | 0.06 | 0.17 .
9.28 30 1 2.7% |Fine
C= g 0.02:(10.0210.6810.0310.08]0.2910.02]0.07 | 0.22
{\//Iaeli% % C= —0.11 0.03|0.04| 0.1]0.04[0.07]0.18(0.03]0.05]0.14 2 9%
C= o 0.03 “ 0.0410.110.04 | 0.07 ; 0.23|0.03|0.06 | 0.17
I 2. Hourly Refraction Corrections(at sight distance 100m)
C=~0,1 =1
Date Hour [ 3 (mn}:Hg) Weather ?L}J)pe
R, (mm) |R,(mm) ‘Rx (mm) [R, (mm) R, (mm) {Ra (mm) ¢
1986. 7 0.0341 0.015 | 0.055 0.037 0.016 0.064 | 767.0 | Fine 1.98
10.31 8 0.351} 0.172 | 0.633 | 0.387 | 0.190| 0.735| 767.0| Fine | 1.98
9 0.377 0.204 | 0.763: 0.416 | 0.225 0.885 | 767.0 Fine 1.98
10 1.215 1 0.769 | 2.868 1.339 | 0.848 | 3.329 766.8 | Fine 1.98
11 0.906 | 0.610 2.288 1.0 | 0.673| 2.656 | 766.6 | Fine 1.98
12 1.141 | 0.828 | 3.172 | 1.263| 0.917 | 3.682| 766.4| Fine | 1.98
13 0. 680 0.502 | 2.012| 0.750 | 0.593 | 2.336| 765.5 Fine 1.98
14 0.365( 0.299 | 0.103} 0.402 | 0.329 | 1.281| 765.0 Fine | 1.98
15 0.547 | 0.458 | 1.738 | 0.816 | 0.506| 2.018| 764.0 | Fine | 1.98
16 0.238] 0.189 | 0.718 | 0.263 | 0.209 | 0.834! 764.0{ Fine | 1.98
17 [—0.214 |—0.131 |—0.497 |—0.236 |—0.145 |—0.577 | 763.5 | Fine 1.98
| 18 |~0.357 |—0.204 [—0.774 [—0.391 |—0.226 |—0.898 | 763.5 | Fine | 1.98
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¥ 8. Refraction Corrections at Continous leveling Route Test

Dﬂ‘t ‘EI&Vam Tem- 1'31;5'!; l!::fon%f!llgl Ah+4b P Reitiar
No. Date Hours tion En-m-g pera ture — = los €= (mm K !::Sma
(m) D!ff Ahmh (°C) i(%iéf)- :0.1 _1 :0.1 ___1 Hg)
3 3

1 lgag. 15 : 00~16 : 30 50  {300. 50 ;~1.78 25.49(—0.45] 0.070 0.07—1.71|~1.71] 755.7
2 | 7 | 17:30~18:50 # [301.50{—0.78| 22.18/—0.49 0.02 0.03—0.76{—0.75| 756.0
3 | # | 18:00~19:00 ' [303.50|+1.22) 20.42—0.51 0.03 0.03-+1.25+1. 25 756.0
4 | 138 09:00~10:20 25 1301.50|~0.78| 23.25/—0.27] 0.15| o0.15]—0.63/—0.63| 757.4
5 | » | 09:30~11:00 # 1301.00—1.28| 24.99) —0.5 0.34 0.35|—0.94—0.93 757.2
6 | 7 | 10:00~12:00 7 |301.50~0.78, 26.17|—1.35 0.57 0.59/—0.21—0.19) 755.5
7 | # | 11:00~12:00 50  [302.50--0.22] 26.58—0.58 0.06 0.06/+-0.28-+0.28' 756.9
8 | # | 13:00~14:00 # |301.50-+0.78! 26.80—0.92 0.14 0.14/—0.64/—0.64 755.7
9 | » | 13:30~14:30 # [303.00+0.72| 27.56~0.84 0.08| 0.07|—0.64|—0.65| 755.6
10 | » | 14:30~16:00 25 [304.00+1.72| 28.21—0.39| 0.07| 0.08+1.79 +1.8 755.7
1 | # | 15:00~16: 00 50 [303.50/41.22 28.91|—0.84 0.02 0.02+1.24+1.24 755.7
12 | » | 161 00~17: 00 7 [B02.50+0.22| 27.69/—~0.82 0.0z 0.02-+-0.24+0.24 755.7
13 11 n | 17:00~18: 00 7 |304.50-+1.72| 26.32 —0.6 0.03| 0.03+1.75|+1.75] 755.7
14 | 39| 09:30~10:30 n 1300.50—1.78| 23.37] —0.5/ 0.04| 0.03/—1.74/—1.75] 756.5
15 | 7 | 09:30~11:00 n |301.00~1.28 22.79—0.47| 0.08 0.06/—1.20]—1.23 757.3
16 | » | 11:00~12:00 # 1304.00]+1.72 23.52~0.75| 0.25| 0.29|+1.97|+2.01 757.2
17 # | 12:30~13:30 # |301.00/~1.28 25.27—0.82 0.05| 0.05/—1.23—1.23 756.9
18 7 | 13:00~14:00 ' (302.50/+0.22 26.71/~1.06| 0.29| 0.19+0.51/+0.41] 756.5
19 | » | 14:00~15:30 # [801.50(~0.78| 25.77|~0.65/ 0.03| 0.03—0.75\—0.75 756.0
20 | # | 15:00~16: 00 1 |804.00|+1.72 25.28—0.87] 0.13; 0.12+1.85/+1.84 755.6
21 | # | 16:00~17:30 # |802.50/+0.22| 25.27/~0.69, 0.13 0.13/4-0.35/--0.35 755.6
22 | » | 17:00~18:00 # |301.00/~1.28] 23.30/—0.97] 0.18 0.17/—1.10|~1.11 755.7
28 | 7 | 18:00~19:00 7 [304.00+1.72] 20.97/~0.36 0.16] 0.10+1.88+1.8 756.0

Total l6953.5] 25. zzw ' 2.94 2.80] 2. 66| 24.56

et 802.33 1.10 0.12780.1217] 1.07 1.07
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