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Abstract : The estimation of the volume of a pit excavation is dften required in many surveying, soil mechanics, highway applications
and transportation engineering situations. The calculation of earthwork plays a major role in plan or design of many civil engineering
projects such as seashore reclamation, and thus it has become very important to improve the accuracy of earthwork calculation In this
paper the spot height method, proposed formulas (A, B, C), and chen and Lin method are compared with the volumes of the pits in these
examples. And we proposed an algorithm of finding a terrain surface with the free boundary conditions and both direction spline method
which interpolates the given three dimensional data by using spline. The mathematical models of the conventional methods have a common
drawback, ie., the modeling curves form peak points at the joints. To avoid this drawback, the cubic spline polynomial was chosen as
the mathematical model of the new method. From the characteristics of the cubic spline polynomial, the modeling curve of the new method
was smooth and matched the ground profile well. As a result of this study, algorithm of proposed three methods to estimate pit excavation
volume provided a better accuracy than spot height, chamber, chen and Lin method And the mathematical model mentioned makes is
thought to give a maximum accuracy in estimating the volume of a pit excavation.

Key words : Pit excavation volume, Terrain surface, Seashore reclamation, Free boundary conditions, Accuracy, Cubic spline
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Fig. 1 An area base line and cubic hermite function
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Fig. 3 Flow chart of a proposed equation C
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Table 1 A height data of X, y intervals to experimenta)
example Case 1

v X! tm | 2lm { 4lm | 6lm { 8lm { 10lm | 12im
Im [ 21.00] 458 | 328 | 269 | 233 { 209 | 191
2%m | 4600 | 208 | 2081 208| 208) 208 208
m | 5600 ) 1222 87/ 717 622 557 | 509
66m | 86.00 | 1877 | 1343 { 1101 { 956 | 8356 | 782
8lm |101.00] 2204 } 1577 | 1293 | 11.22 [ 1005 | 918
9im | 111.00] 2422 | 1734 | 14.21 | 1233 | 11.05 | 10.08

Table 2 A height data of x, y intervals to experimental

example Case 2

v X! 1m | 16m | 46m | 56m | 9lm | 10lm | 12Im
Im [ 2100 525 | 310 { 281 { 220 { 209 { 191
19m {33001 975 | 575 ) 521 409 | 38| 355
I7m | 57.001 14251 840 | 762 | 598 | 567 ] 518
55m | 75.00 | 1875 11.05 {10021 78 { 746 | 682
73m | 9300|2325 137111243 975 | 925 | 845
9lm | 111.00} 27751 1637 | 1483 | 1164 | 11.05 | 1009

Table 3 A height data of %, y intervals to experimental

example Case 3

v X1V 1m | 16m | 46m | 56m | 9im | 10im | 12Im
Im [ 2100 525 | 310 | 281 | 220 { 209 | 181
%m | 4600} 1150) 673 ] 615 | 482 ] 458 | 4.18
3%m | 56.00! 1400 826 | 748 | 587 | 557 | 509
66m | 86.00( 2150 { 1268 | 11.49 | 9.02 8.56 7.82
S1m | 101.00) 2525 | 1489 | 1350 | 1059| 10051 918
91m | 111.00] 2775 | 1637 | 1483 | 1164 | 11.05 | 1009

Table 4 A comparison of error for experimental examples

Case 1,23
Case 1 Case 2
Method Excavation | Errors| Excavation | Errors
Volumn(m') | (%) | Volumn(m')| (%)
Real Excavation _ -
Volumn 118800.00 118800.00
Spot System 149510.25 | 25.85| 141612.30 | 19.20
Method of Chen | 13005541 | 17.81 | 122007.06 | 270
Proposed(A) 13827957 | 164 | 12317507 | 368
Proposed(B) 139.957.02 |17.809} 122,095.36 | 2.774
Proposed(C) 117.657.45 | 0.960 | 119,116.21 | 0.260
Case 3
Method Pit Excavation Errors
Volumn (m') (%)
Real Pit Excavation _
Volumn 118800.00
Spot System 141619.38 19.21
Chen & Lingl 122011.88 2.70
Proposed(A) 123181.43 369
Proposed(B) 122011.67 2.703
Proposed(C) 119,116.21 0.260
30 |
28 Ocasel
26 Bcase? 1]
24 Bcased
22
° 20
. 18
o 1 ”
(%) el
° ]
%
4
2 z e —
o Spot Chen & Lin IProoosed(A)‘Ploposee(B)lProposod(C)

method

Fig. 5 An earthwork errors of Casel,23 for numerical
example
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