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1 INTRODUCTION 

Designing and constructing arch dams involves complex analyses, including structural, hydraulic, and 
geotechnical considerations. ArchDam is a software based on Visual Studio, AutoCAD and Excel to as-
sist engineers in the design of arch dams such as 

 Generation of ARCH DAM and ARCH DAM/TERRAIN interface 
Generation of an arch dam with or without widening the dam towards abutment. Generation of 
arch dam/terrain interface (shown in Figure 21) is a prerequisite for estimating the arch dam exca-
vation parameters (shown in Figure 22). 
An AutoCAD drawing will be created containing the arch dam as 3DSolid. Please see Figure 19. 

 Generation of EXCAVATION and ARCH DAM/ABUTMENT interface 
Generation of the excavation according to the parameters defined in the excel input file, including 
the generation of the ARCH DAM/ABUTMENT interface data (shown in Figure 23), which are dis-
played in the EXCEL input file, CHART sheet. This chart is intended to help to assess whether the 
dam abutments are situated sufficiently deeply in the rock. 

 Generation of CONCRETE BLOCKS 
Generation of the final concrete blocks of the arch dam with horizontal and vertical construction 
joints as shown in Figure 24. 
There are several computer programs and software tools available to assist engineers in analysis 
of arch dams. The concrete blocks are deemed to be exported into FEM programs such as ABAQUS 
or DIANA, for detailed representation of all required static and dynamic load cases. 

 Generation of PLAN VIEW DRAWING 
Generation of plan views of concrete blocks at numerous elevations. Please see Figure 25. 

For use of the ArchDAM program a terrain 3D solid file (e.g. Terrain.dxf as shown in Figure 19) shall exist. 
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2 NOTATION 

2.1 Definition of horizontal arch dam shapes 

2.1.1 Parabolic arch dam shape 

The shape of the parabolic arch dam is defined by the parameters E and F, shown in Figure 1 below. 

𝑌 = 𝐾 + 𝐺 · (𝑋 − 𝑆1)² 

𝐺 =
4 · 𝐹

𝐸ଶ
 

𝑌 = 𝐾 +
4 · 𝐹

𝐸ଶ
· (𝑋 − 𝑆1)² 

 
Figure 1: Parabolic arch dam shape 

2.1.2 Ellipsoidal arch dam shape 

The shape of the ellipsoidal arch dam is defined by the semi-axis lengths A and B shown in Figure 1 
below. 

𝑋 = 𝑋ா + 𝑆1 

𝑌ா = 𝐵 ∙ √(1 −
𝑋ா

ଶ

𝐴ଶ
) 

𝑌 = 𝐾 + 𝐵 − 𝑌ா  

𝑌 = 𝐾 + 𝐵 − 𝐵 ∙ √(1 −
(ିௌଵ)²

²
) 

 

 
Figure 2: Ellipsoidal arch dam shape 
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2.2 Maximum horizontal dimension of arch dam 

2.2.1 Definition of the maximum horizontal dimension by length along the center line 

This definition applies to both parabolic and ellipsoidal arch dam shapes. The value L2_L shall be en-
tered with negative sign. 

 
Figure 3: Definition of the maximum horizontal dimension by length along the center line 

2.2.2 Definition of the maximum horizontal dimension by reference cylinder and angles PHI_L and PHI_R. 

This definition applies to both parabolic and ellipsoidal arch dam shapes. The value PHI_L shall be en-
tered with negative sign. 

 

 
Figure 4: Definition of the maximum horizontal dimension by reference cylinder and angles PHI_L and PHI_R 
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2.3 Arch dam widening 

2.3.1 Start of arch dam widening 

2.3.1.1 Definition of start of widening by lengths W_L and W_R along the center line 
This definition applies to both parabolic and ellipsoidal arch dam shapes. The value W_L shall be en-
tered with negative sign. 

 
Figure 5: Definition of start of widening by lengths along the center line 

2.3.1.2 Definition of start of widening by reference cylinder and angles PSI_L and PSI_R. 
This definition applies to both parabolic and ellipsoidal arch dam shapes. The value PSI_L shall be en-
tered with negative sign. 

 

 
Figure 6: Definition of start of widening by reference cylinder and angles PSI_L and PSI_R 
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2.3.2 Arch dam widening factor FW_L and FW_R for parabolic arch dam shapes. 

𝐺 =
ସ·ி

ாమ     see Figure 1 

𝑊 = 𝐺 · (𝐹𝑊_𝐿 − 1) ∙ 𝑆²  𝑊 = 𝐺 · (𝐹𝑊_𝑅 − 1) ∙ 𝑆² 

𝐹𝑊_𝐿 =
ா²∙ௐ

ସ∙ி∙ௌ²
+ 1  𝐹𝑊_𝑅 =

ா²∙ௐ

ସ∙ி∙ௌ²
+ 1 

 
Figure 7: Arch dam widening factor FW_L and FW_R for parabolic arch dam shapes 

2.3.3 Arch dam widening factors FW_L and FW_R for ellipsoidal arch dam shapes. 

There are 2 options for definition of the widening factor. 
 Option 1 

Definiton of the widening factor FW_L and FW_R by length S along the arch dam centerline and 
the arch dam thickness T. In this case the value shall be entered with a positive sign. 

𝐹𝑊_𝐿 =
ௐ∙ଶ

ௌ²∙∜்
. 

𝐹𝑊_𝑅 =
ௐ∙ଶ

ௌ²∙∜்
  

 Option 2, arch dam thickness T related definition 

Definiton of the widening factor FW_L and FW_R only by length S along the arch dam centerline. 
In this case the value shall be entered with a negative sign. 

𝐹𝑊_𝐿 =
ିௐ∙ଵ

ௌ²
  

𝐹𝑊_𝑅 =
ିௐ∙ଵ

ௌ²
  

 

 
Figure 8: Arch dam widening factor FW_L and FW_R for ellipsoidal arch dam shapes 
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2.4 Arch dam abutment and excavation 
This definition applies to both parabolic and ellipsoidal arch dam shapes. 

𝑈 = (𝑇 + 𝑊) ∗ 𝐶𝑊_𝐿 CW_L … contact area width factor for left abutment 
𝑈 = (𝑇 + 𝑊) ∗ 𝐶𝑊_𝑅 CW_R … contact area width factor for right abutment 

 
Figure 9: Definiton of abutment and excavation within the widening area 

 
Figure 10: Definiton of abutment and excavation outside of the widening area 
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Figure 11: Definition of excavation 

2.5 Definition of vertical arch dam shapes 
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2.6 Arch dam concrete block joints 

2.6.1 Definition of the vertical arch dam concrete block joints by lengths S_V along the center line 

This definition applies to both parabolic and ellipsoidal arch dam shapes. The lengths S_V are entered 
in EXCEL input file, sheet MAIN, column T. 
 

 
Figure 12: Definition of the arch dam concrete block joints by lengths S_V along the center line 
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2.6.2 Definition of the vertikal arch dam concrete block joints by reference cylinder and angles PSI_V 

This definition applies to both parabolic and ellipsoidal arch dam shapes. The angles PSI_V are entered 
in EXCEL input file, sheet MAIN, column T. 
 

 
 
Figure 13: Definition of the arch dam concrete block joints by reference cylinder and angles PSI_V 
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2.6.3 Definition of the horizontal arch dam concrete block joints 

 
Figure 14: Definition of the horizontal arch dam concrete block joints 
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2.6.4 Arch dam concrete block accuracy 

N_H is defined in EXCEL sheet MAIN, cell D14 
N_V is defined in EXCEL sheet MAIN, Cell D15 
 

 
Figure 15: Substitution of parabolic or ellipsoidal shapes by means of arcs 

  



14 
 

3 INPUT 

3.1 ArchDam program - Input mask 

 
Figure 16: ArchDam program - Input mask 
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3.2 EXCEL input file – MAIN sheet 

 
Figure 17: EXCEL input file – MAIN sheet 

3.3 EXCEL input file - SETTINGS sheet 

 
Figure 18: EXCEL input file – SETTINGS sheet 
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4 OUTPUT 

4.1 Arch dam 
In the first step, an 3D arch dam solid is created and displayed in the correct position on the terrain. In 
addition, the interfaces between the dam and the terrain are displayed on the CHART sheet of the Excel 
file. Please see Figure 21. This information allows to estimate the excavation parameters as shown inFig-
ure 11. The assumed dam/abutment interface along the centerline is shown as a black dashed line in 
the CHART. 

   
Figure 19: Arch dam without adjustment to excavation 
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For the display on the CHART page, the interface points of the dam/terrain and dam/abutment are represented by lengths 
projected onto the center line 

 

Figure 20: Notation – U/S, D/S and center line length definition used below 
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Figure 21: EXCEL output – CHART sheet showing arch dam/terrain interface 

4.2 Excavation 
A terrain 3D arch dam solid is created showing the excavation and the arch dam. In addition, the inter-
faces between the dam and the abutments are displayed on the CHART sheet of the Excel file. Please 
see Figure 23. 
Using this CHART, you can estimate whether the dam will be founded deep enough in the rock by 
reading the lengths Lu2, Lc2 and Ld2. 

   

Figure 22: Construction site excavated 
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Figure 23: EXCEL output – CHART sheet showing arch dam/abutment interface 

4.3 Arch dam concrete blocks 
Generation of the final concrete blocks of the arch dam with horizontal and vertical construction joints 
as shown in Figure 24 below. 
These concrete block (3DSolids) are intended to be exported using for example a SAT or IGES file into 
FEM programs such as Abaqus or Diana, for detailed representation of all required static and dynamic 
load cases. 
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Figure 24: Arch dam concrete blocks 
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4.4 Plan view drawing 

Plan view drawings showing the concrete blocks at elevations EL_T, EL_H and EL_B (please see Figure 
12, Figure 13 and Figure 14) will be created. 

 
Figure 25: Plan view drawing 

  

Input paramters 

Point names Coordinates 
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5 PROGRAM LIMITATION 
If the decimal separator in windows is set to “.” (dot), the list separator in windows should be set to "," 
(comma). 
If the decimal separator in windows is set to “,” (comma), the list separator in windows should be set 
to ";" (semicolon). 
 
To create the plan view plan drawing, the arch dam shall consist of at least two concrete blocks that 
reach the full thickness T and widening W. 

 
Figure 26: Admissable and inadmissible concrete block geometrie 


