
The 1st Iranian Conference on Geotechnical Engineering, 22-23 October 2013
University of Mohaghegh Ardabili, Ardabil, Iran

      

                            

1

OHN10111601328
Evaluation of construction diversion culverts on alluvial bed in 

embankment Gardane dam

M. Safavian1, M. Rezaei2, A. Ghannadiasl3, N. Fathololoumi4

1- Ms of Geotechnical Engineering, Zayandab Consulting Engineers Co., Isfahan, Iran
2- PhD Student of Engineering Geology, Ferdowsi University of Mashhad, Iran

3- PhD Student, Department of Civil Engineering, Sharif University of Technology, Tehran, Iran
4- Ms of Geotechnical Engineering, Zayandab Consulting Engineers Co., Isfahan, Iran

Rezaei.eng@stu-mail.um.ac.ir

Abstract
Using a diversion culvert, which is constructed directly on the dam bed while embankment dam is placed 
on it, is one of the most common and economic ways of conducting river floods which can be applied not 
only for embankment but also for rock fill dams. This method is very simple, routine, and economical 
while there is bedrock with gentle deflection ability as foundation of the culvert. On the contrary, when 
culvert is going to be constructed on alluvial foundations and under the dam body where have huge 
amount of deflection ability, all conditions like allowable settlement, and deflections in x and y 
directions, stress that will appear in culvert structure and such cases should be considered precisely. 
Although the risk of construction culverts in such conditions is much more than first one, there are many 
big embankment dams in the world with diversion culvert on alluvial bed, under the dam body.
Keywords: Embankment dam, alluvial bed.

1. INTRODUCTION

The Gardane khaki dam on Hormozabad river, in western north of Semirom in Esfahan province, Iran, which 
is a homogenous dam, by height of more than 25 meters. The main aim is supplying floodwater in order to 
agricultural improvement. At first steps of studying on diversion system, diversion culvert, which was forced 
to build on fine alluvial bed, showed a considerable amount of different settlements between its different 
operational parts. This different settlement is such significant that water-stops, placed between the parts, 
cannot bear that amount of displacements so they will be torn. These results were such disappointing that the 
diversion system might be changed to other forms, which were more complex and more expensive.
Consequently, a lot of analyzing and consulting applied by many experts, lead to solve this problem, which 
will be explained in continue.

2. GEOLOGY OF CULVERT LOCATION 

Foundation of dam and culvert based on a wide range of ground and underground explorations consist of fine 
alluvial material, which clay is the predominant type of existence soil. Geological section of culvert 
foundation is demonstrated in Fig 1. The dam foundation is located in completely wide valley with slight 
slopes, consists of fine deposit materials like silt and clay, which are approximately homogenous. Not only 
does Bedrock have no appearance from natural ground surface but also its depth is minimum 48 meters. 
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Figure 1. Dam axis Geotechnical Section

In Gardane khaki dam using culvert directly on alluvial bed, under the dam body is the only applicable way 
to conduct river flood because:

1- There is not any suitable bedrock on the ground surface to place the culvert on it.
2- Depth of bedrock is more than 48 meter which pile system to support culvert can’t be used in that 
situation.
3- For type of consisting materials, there is not any way to consolidate bed materials by geotechnical 
ways.

So constructing diversion culvert directly on the alluvial foundation, under the dam body is the selected 
method for temporary floodwater diversion while constructing procedure and for conducting water in 
operation time. In conclusion, the diversion system will be a concrete culvert by length of 158 meters and 
dimensions of 2.9×2.9 meters.

2. ANALYSES METHOD

As the concrete structure of culvert is constructed on deflective alluvial bed, moreover, loads from 
embankment dam apply to it, this linear structure should bear loads from above and its deflections should 
come into agreement with other parts, so it consists of several rigid concrete parts, connected to each other by 
water stops, and can move freely. Because this culvert should conduct water from dam reservoir to irrigation 
network throughout the dam active life, on the one hand waterproofing between these sections is very 
important and sensitive; on the other hand, water stops can bear only a limited amount of displacement, so 
horizontal and vertical displacements between ends of parts is so significant. Thus, all displacements should 
be calculated with a suitable modeling and analyzing in order to be sure of correct operation of water stops. 
To attain this aim two points (A and B) are determined in the middle of culvert length under the vertical drain 
location, where allocates the biggest displacements to itself.
Since reaching desired results, several models of mentioned culvert were built; the first and final models are 
discussed in this study:

a. In the first model, all parts are constructed in 11.7-meter sections.
b. In the final model, all parts are constructed in 5.7-meter sections.

3. BASICS OF ANALYSES

Plane strain behavior is used for evaluating and analyzing this 2-dimentional (h: 350 m x v:50m) model. 
Plaxis software v.8.2 is employed for analyzing culvert and its alluvial foundation for this software ability to 
geotechnical modeling and its power to analyze soil-structure interaction with finite element method.  
15-node triangular elements are used for constructing the model because of their precision of stress 
distribution. For creating a virtual situation, modeling is done by multi phases technique, which the levels of 
constructing dam, and then watering is modeled in seven continues stages during the period of 3 years. 
Different phases of modeling and meshing system is illustrated in Fig 3 and Fig 4.Analyses are done for end 
of construction, first watering and steady states conditions by allocating suitable duration of time for 
consolidation process in each phase. Geomechanical parameters of dam, foundation, and culvert material in 
different conditions have been shown in table 1.
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Table.1. Geomechanical parameters of materials

C      Kx Ky

(KN/m2) (deg) (MN/m2) KN/m
3) (KN/m

3) (Cm/s) (Cm/s)

Body

UU 91 0 0.4 8.7

15 18.7 8.E-05 8.E-06CU 33.5 15.3 0.37 12

CD 29 20.2 0.35 15

Filter & Drain CD ٠ 35 0.3 30 18 21.5 1.E-04 1.E-04

N. Ground

UU 100 0 0.4 12

19 22.6 1.E-04 1.E-05CU 60 15.3 0.37 13

CD 43 24.1 0.35 18.7

As mentioned before, stress-strain distribution in model is calculated in three conditions:
a) End of construction: In this situation foundation and dam body do not have enough time to 
consolidation and drain, so all analyses are done in total stress conditions. (Unconslidated- Undrained)
b) First impounding: In this situation although foundation and dam body do not have enough time to 
consolidation, they do not have enough time to drain, so all analyses are done in total stress conditions. 
(Conslidated- Undrained)
C) Steady state: In this situation not only foundation and dam body have enough time to both 
consolidation and drain, so all analyses are done in effective stress conditions. (Conslidated- Drained)

As control the distance between different parts of culvert because of different settlements, the point where the 
most amount of displacement will take place is evaluated. The maximum different displacement between 
different parts of culvert will happen in middle of culvert under the vertical drain, so this point is critical 
point and should be evaluated. This points are named A and B and shown in Fig 5.

4. DISPLACEMENTS IN DIFFERENT LOADING CONDITIONS

Amount of total displacements and displacements in x and y directions under different loading conditions 
(end of construction, first impounding, and steady state after five years from end of construction) for points A 
and B are demonstrated in table 2. Table 3 also shows comparative displacements between ends of culvert 
parts in the worst condition. (A and B)

Table.2. Total displacements between points A and B 

Displacement (cm) in A and B model 1 with culvert parts of 12 m

Horizontal Vertical Total

A B A B A B

End of construction 9.84 13.65 -69.94 -63.65 70.62 65.05

First impounding 31.75 34.82 -62.78 -56.71 70.34 60.52

Steady states 38.92 40.13 -56.11 -51.58 68.27 66.57

Displacement (cm) in A and B in model 2 with culvert parts of 6 m

Horizontal Vertical Total

A B A B A B

End of construction 7.35 12.13 67.64 66.33 68.04 67.43

First impounding 29.61 33.69 62.35 61.19 69.02 69.85

Steady states 35.88 40.23 55.26 55.48 65.89 67.71
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Figure 2. geometry of model

Figure 3. Overall view of model, culvert, and meshing system
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Table.3. Comparative displacements between points A and B in model 1 with culvert parts of 12 m

Comparative displacements(cm) between A 
and B in model 1 with culvert parts of 12 m

Horizontal Vertical Total

End of construction 3.81 6.29 7.35

First impounding 3.07 6.07 6.8

Steady states 3.21 4.53 5.55

Comparative displacements(cm) between A 
and B in model 2 with culvert parts of 6 m

Horizontal Vertical Total

End of construction 4.78 1.31 4.95

First impounding 4.08 1.16 4.24

Steady states 4.35 0.78 4.42

Fig 5 . Location of sign points A and B in the model

5. CONCLUSION

1- Among different water diversion methods while constructing dams like diversion tunnel, multi phase 
diversion, and methods like these, using diversion culvert is not only the most economic way but also the 
easiest way for water diversion. 
2- The most important problem of water diversion with culvert on the fine graded alluvial bed is dramatic 
settlements, which can make rigid culvert break. 

A B
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3- Constructing a rigid continues culvert on alluvial fine grained foundations is not an economical way for 
water diversion because of big stresses appear in the structure of culvert. Instead, dividing culvert to some 
independent smaller sections, which can move freely from each other, is a good way to reduce the stresses 
and culvert structure dimensions.
4- Different parts of culvert should be connected to each other by water stops.
5- As each water stop can bear a limited amount of displacement, displacements between ends of different 
parts should not exceed from capacity of water stops.
6- In concrete linear structures, the most economical length for different parts is between 11.5 to 12 meters 
because of the steel bars length, but with 11.7-meter parts displacements between endpoints will be more 
than allowable.
7- Although calculations show that by decreasing the lengths of different parts the mentioned displacements 
will be lessened, the selected length should be economical, for instance 6-meter parts of culvert in this 
project is the optimum length with regard of technical and economical problems, coincidentally.
8- Specifically in this project, the optimum length with regard of technical problems was obtained 6-meter 
length from calculations, so in each project this optimum length should be calculated with regard of 
economical and technical problems, concurrently.
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