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Abstract  

 
Generally, in reinforced concrete buildings, joints have been planned as a rigid state due to the 

characteristics of their construction. In such a building, the stress of the first story column becomes 

nonuniform since the bending stress at the time of the earthquake is concentrated on the rigid joints 

of the foundation structure such as the column base at the first story. This paper proposed making 

the column base at the first story shape semi-rigid to reduce the stress concentrating on the column 

base at the first story. In order to realize semi-rigid column base, we performed structural 

experiments and FEM analysis on the column base with cross section reduced portion. As a result, 

it was concluded that the best structure shape is one with the cross section reduced portion and the 

taper at the column base as the semi-rigid column base with bending rigidity reduction and structural 

performance stability. 

 

Key words: Reinforced concrete, column, semi-rigid, bending rigidity, burst stress 

 

 

1. Introduction  

 

1.1. Background 

 

In order to design a structure rationally, it is desirable to have a frame that avoids localized 

collapse and concentration of deformation and resists well in balance over the building. The 

stress state of the structure subject to external force depends mainly on the rigidity of the 

member in the minute deformation region and the strength of the member in the large one. Since 

ordinary RC buildings adjust the cross-section area and the amount of reinforcement as 

members such as columns and beams against the existing stress, the rigidity and strength cannot 

be changed easily. If the rigidity and the strength of each member can be easily changed, it can 

be possible to design the building in a more rational stress state. 

 

As a previous study carried out with such a purpose, there is the research [1] to make the 

connections of pile head semi-rigid. In the semi-rigid pile head method, the bending stress 

generated in the pile is equalized with respect to the entire pile by reducing the pile head rigidity, 
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realizing improvement in functionality and economical design. Here we develop the RC 

columns realizing a reasonable RC building by focusing on the 1st column of RC structure, 

controlling the bending stress state of it by reducing the column base rigidity.  

 

1.2. Overview of Construction 

 

Fig. 1 shows overview of this construction method. We compare the case of the ordinary 

column base, the case with semi-rigid spring and the case of actually designing it about the 1st 

column. In a high-rise building or the like, of the bending stress exists considerably on the 

column top. If a semi-rigid spring is provided on the column base without changing the shear 

force for design, the inflection point goes down and the bending stress of the column top and 

the column base approaches each other. However, from the viewpoint of seismic safety of the 

structure, it is necessary that as the actual semi-rigid detail, the strength of the column base does 

not decrease excessively. 

 

 
Figure 1. Overview of this construction 

 

Fig. 2 shows an example of a stress diagram when the column base is rigid and semi-rigid. As 

in this example, when the height of the inflection point is fairly high, the bending stress of the 

column base is reduced by about 27% by the semi-rigid spring with the rigidity of 0.5. In actual 

design, stress reduction of 27% produces a significant difference on the reinforcement. 

 

Fig. 3 shows the problems with previous columns. In the case where the inflection point is high 

and the column bending stress is large, there are roughly two ways to deal with it. From the 

figure, the case 1 is to change the cross section of the column against the existing stress on the 

first and second floors. In this case, a cross section switching part is required in the connection 

of column and beam on the second floor, so the reinforcement details become complicated. 

Thus, problems in construction tend to occur. The case 2 is to make the cross section of the 

column on the first floor and the second floor same. In this case, in order to cope with the 

existing stress, it is necessary to increase the amount of the reinforcing of the 1st column base, 

which makes it difficult to secure the main reinforcement interval and the like. For avoiding 

this problem, the cross-section area must be increased. In this construction method, the cross-

section area of the column base is reduced and high strength concrete or the like is used, thereby 

reducing the rigidity of the column without excessively reducing strength. 
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Figure 2. Example of bending stress diagram Figure 3. Problems of rigid columns 

 

1.3. Effective scope 

 

In order to understand the effective building with this construction method, elasticity analysis 

of the frame model was performed when the height and length of the building were changed, 

and the inflection point ratio of the representative intermediate column on the first floor was 

calculated. 

 

Fig. 4 shows the relationship between the aspect ratio of each building and the inflection point 

ratio of the representative intermediate column on the first floor. Also, in the figure, the values 

of the actual design projects are plotted. The case where the inflection point ratio shows 0.5 is 

the case where the bending stress of the column top and the column base are equal, and all the 

analysis results are the inflection point ratio of 0.5 or more. 

 

From the figure, there is a positive correlation between the aspect ratio and the inflection point 

ratio, and as the aspect ratio increases, the inflection point tends to rise. A similar tendency is 

seen also in the actual design example, and this construction method can be effectively applied 

to buildings with large aspect ratio and large influence of overall bending deformation. 

Especially, when the aspect ratio is 1.0 or more, the ratio of the inflection point ratio is about 

0.75 or more, so the usefulness of this construction method is likely to be high. 

 

 
Figure 4. Relationship between aspect ratio and inflection point ratio 

 

 
2. Experimental Study on RC Columns with Reduced Cross Section  

 

In order to obtain the effect of reducing the rotational rigidity of the column base, a column 

specimen with a reduced part at the base was prepared and a bending shear experiment was 

conducted. 

  

column base

column top

rigid semi-rigid

column base

column top

(Unit : kNm)

1G

2G 2G

1G

Mb

Mt

column

bending stress

beam

case1 case2

A

B

reinforcing

rod

D

CA , C

DB

Bar arrangement
 is complicated

1F

15F 7F

22F

36F

52F

60F
36F
12F
3F

48F
24F
12F
real

property

bending moment

aspect ratio

inflection point height ratio

Takahashi et al.

Research on the Development of the Semi-Rigid Column Base of Reinforced Concrete: Experimental and An...

Academic Platform Journal of Natural Hazards and Disaster Management 1(1), 1-13, 2020 3



2.1. Specimen and method  

 

Fig. 5 shows the specimen diagram and loading method, Table 1 the specimen list, and Table 2 

shows the material test results. The specimen consists of a total of five bodies, a general column 

No. 1 having the same cross section in the axial direction, and columns No. 2 to 5 having a 

reduced part in the base. All the specimens were planned so that bending yield would precede. 

 

In No. 2, there are two pairs of shear reinforcement (D6, SHD685), No. 3 and No. 5 steel pipes 

(STKR400, t=9mm) on the outer circumference of the reduced part, No. 4 steel plates (SS400, 

t=19mm) as two sheets. Here the high strength grout (Fc100) was filled in No. 2 itself, the steel 

pipe of No. 3 and 5, the lower surface of steel plate of No. 4 and the main reinforcement hole. 

In No. 5, the adhesion of the main reinforcement fixed in the column part was removed 300 

mm by using a vinyl tube, thereby further reducing the rotational rigidity. 

 

Table 3 shows the force cycle. The force was given a constant vertical force corresponding to 

the axial force ratio of 0.25 in the column part to the top, and positive and negative alternating 

loading was performed in the horizontal direction according to the loading cycle shown in the 

table. 

 

 

Table 1. List of specimens 

 

 

Table 2. Material test results Table 3. Force cycle 

 
  

 

 

Figure 5. Specimen diagram and Loading method 

 
 

2.2. Result and discussion  

 

Fig. 6 shows the column base cracks of No. 1 and 3, Fig. 7 left shows the shear force - 

deformation angle relationship (considering the P-Δ effect) of No. 3 and the envelope of the 

shear force - deformation angle relationship of all specimens (considering the P-Δ effect), and 

Table 4 shows experimental result and calculated value of strength. Bending yield was preceded 

in all specimens and showed stable hysteretic properties until about 1/18 rad of large 

deformation. In the following, the experimental process of each specimen will be described. 
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In No. 1, bending cracks (①) at the column base at 1/400 rad, shear cracks (②) 1/2 D (D: 

column part vertical width) away from the dangerous cross section position at 1/200 rad, and 

lengthwise cracks (③) in the corner occurred. After that, rigidity declined, and the main 

reinforcement compression yielded at 1/50 rad and the load became almost constant. In No. 3 

using a steel pipe in the reduced part, lengthwise cracks (①) occurred at the center position of 

the lower in the column part at 1/200 rad, the main reinforcement compression yielded at 1/100 

rad, then width cracking occurred, rigidity beginning to decline, and as the main reinforcement 

tension yielded at 1/50 rad, the load became almost constant. Lengthwise cracks (①) occurred 

in all specimens with reduced part. 

 

Fig. 7 right shows the initial rigidity (evaluation at 1/800 rad from the origin) of each specimen. 

The rigidity reduction effect of the specimens No. 2 to 5 with the reduced part was about 54 to 

69%. Among them, the rigidity reduction effect of No. 5 without the adhesion was 54%, which 

was larger than the other specimens. 

 

 
Figure 6. Crack of the column base 

 

 
Figure 7. Shear force – deformation angle relationship (left: No.3, right: envelope) 

 

Fig. 8 shows the transition of axial deformation. Axial deformation is the vertical displacement 

on the displacement meter placed at a height of 1500 mm from the base. In all specimens, axial 

deformation tended to increase due to the progress of the deformation angle and repetition with 

the same deformation after 1/100 rad. Increase in axial deformation from the elastic state before 

given horizontal force to the end of 1/50 rad was 0.54 mm (No. 1), 0.70 mm (No. 2), 1.04 mm 

(No. 3), 1.04 mm (No. 4), 0.87 mm (No. 5). From these values, in particularly No. 3 to 5 using 

a steel for the reduced part were larger than No. 1, which seemed to be contributed to the local 

crash at the contact between the steel and the concrete. In addition, lengthwise cracks generated 

in all specimens with reduced parts were due to tensile stress orthogonal to the local 

compressive stress, which confirmed this fact. 
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Figure 8. Transition of axial deformation 

 

 
Table 4. Experimental result and calculated value of strength 

 
 

3. Analytical Study on Internal Stress  

 

We describe the result of FEM analysis for the purpose of clarifying the cause of lengthwise 

cracks which was the subject of the experiment. Among the specimens mentioned in Chapter 

2, one of the subject was the general column (No. 1) and the other had a reduced part in the 

column base (No. 2). In addition, we proposed a new structural shape to prevent lengthwise 

cracks and investigate effective reducing cross section method by analyzing it. For the analysis, 

MIDAS/iGen, structural analysis software, was used to perform static incremental loading 

applying horizontal force while exerting a constant vertical force. 

 

3.1. Analysis model and method  

 

Fig. 9 shows the outline of the analysis model, and Fig. 10 shows the list of analysis model 

including the new structural shape. We performed material nonlinear analysis by modeling 

concrete with solid elements and reinforcing rods with truss elements. The adhesion of concrete 

and reinforcing rods was assumed to be adequate, and reinforcing rods was not taken out. The 

breakdown criterion of Mohr-Coulomb was used for the yield survey of concrete, and the yield 

condition of Von Mises was used for that of reinforcing rods, and the rigidity of the reinforcing 

rods after the yield was 1/100 of the elastic rigidity. 

 

As an analysis model, we prepared an experimental model that reproduced the specimens (No. 

1, No. 2) to reproduce experiments of Chapter 4 and a real model to examine new structure 

shapes. For the real model, we used the composition rule that gained validity in the experimental 

model. As a new structural shape, we proposed the followings, No. 3 to reduce the bending 

stress of the lengthwise cracks generation position by raising the cross section switching part, 

No. 4 to eliminate abrupt cross-sectional change by providing the tapered part at the cross 

section switching part, and No. 5 to provide the tapered part on the foundation. 

 

No.1

No.2(grout)

No.3(steel pipe)

No.4(steel plate)
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calculated value of bending strength （1/100）（1/50） （1/25）rad
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Q (kN) R (rad) Q (kN) R (rad) Q (kN) R (rad) Q (kN) R (rad) Q (kN) R (rad) Q (kN) R (rad) Q (kN) R (rad) Q (kN) R (rad) Q (kN) R (rad) Q (kN) R (rad) cQmu (kN) cQsu (rad)

No.1 272 1.5 -288 -1.7 453 5.0 -403 -3.8 567 9.4 -542 -8.7 581 12.5 -582 -12.0 614 39.4 -652 -35.4 576

No.2 170 1.5 -166 -1.3 ― ― -407 -20.0 350 8.7 -328 -7.7 359 10.0 -354 -10.0 411 19.0 -412 -38.7

No.3 ― ― ― ― 429 18.7 -451 -38.0 251 2.9 -270 -4.0 356 8.4 -300 -7.0 460 56.1 -453 -36.0

No.4 ― ― ― ― 376 14.7 -414 -18.4 173 1.7 -175 -1.7 319 8.3 -301 -7.3 413 37.4 -461 -38.0

No.5 ― ― ― ― ― ― ― ― 122 1.6 -182 -1.6 370 25.4 -397 -24.0 376 36.1 -412 -40.0

※1 : R(×10
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Figure 9. Analysis model 

 

 
Figure 10. analysis models 

3.2. Result and discussion  

 

Fig.11 shows the comparison of shear force – deformation angle relationship between the 

experimental model and experimental results. In both No. 1 and No. 2, the experiment result 

and the analysis result are in good agreement, and the validity of the analysis model can be 

confirmed. 

 

The lengthwise cracks occur at a position where tensile principal stress generating larger than 

the burst strength (tensile strength) in a direction orthogonal to the principal stress direction. As 

shown in Fig. 12, the lengthwise cracks of No. 2 occurred earlier in the analysis result. This is 

considered to have occurred earlier than the actual recording because it was determined visually 

in the experiment. In addition, it can be sa7id that the reproducibility is high because the 

analysis result was in good agreement with the lengthwise cracks at the time of experiment such 

as occurrence place, direction. 

 

Next, we compared and examined by the structure shape. Fig. 13 shows the comparison of shear 

force – deformation angle relationship by the structure shape.  The effect of the reducing rigidity 

can be confirmed in all the semi-rigid models (No. 2 to 5) against No. 1. For No. 2 and No. 3 

with the abrupt cross-sectional change, the occurrence of lengthwise cracks was delayed in No. 

4 and 5 with a tapered part. In addition, lengthwise cracks were generated almost in the elastic 

range. 

 

Therefore, in the next chapter, the difference in the occurrence of lengthwise cracks due to the 

structural shape will be quantitatively understood from the results of elastic analysis. 
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 Figure 11. Comparison of shear force – 

deformation angle relationship Figure 12. Comparison of length wise crack 

 

 
Figure 13. Comparison of shear force – deformation angle relationship by structure shape 

 

 
 

3.3. Estimation of maximum bursting stress and comparison by shape  

 

Fig. 14 shows the comparison of the maximum principal stress distribution. The burst stress 

that causes lengthwise cracks was distributed at the maximum immediately above the end of 

the reduced part on the compression side, which was common to all of No. 2 to 5. Also, in No. 

4 and 5, the maximum burst stress was small and the occurrence of lengthwise cracks 

considered to be delayed, which was consistent with the result in the previous chapter. For this 

maximum burst stress (σymax), elasticity analysis of 120 patterns was performed based on the 

analysis parameters shown in Fig. 15 to obtain an estimation equation (1) 

 

𝜎𝑦𝑚𝑎𝑥 = 𝑘1𝑡1
𝑁

𝐴
+ 𝑘2𝑡2

𝑀

𝑍
     (1) 

 

Here, k1 and k2 are shape factor determined by the reduction ratio and the aspect ratio of the 

reduced part, and t1 and t2 are taper factor determined by the taper angle when taper is given 

(without taper, t1=t2=1.0). Each of them can be obtained by their structure shape using Fig. 16 

and 17. 

 

 
 

Figure 14. Comparison of maximum principal 

stress distribution 
Figure 15. Analysis parameters 
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Figure 16. Relation between shape factor k and shape 

 

 
Figure 17. Relation between taper factor t and shape 

 

The lengthwise cracks due to the difference in the structural shape was investigated by the 

equation (1). The axial force ratio was 0.25 with respect to the column part, and the lengthwise 

cracks criteria was 1.5 times the bending cracking moment. Now we compared the maximum 

burst stress for each structural shape determined by axial force and switching part moment at 

that time. 

 

Fig. 18 shows the results of determination of occurrence of lengthwise cracks. It said that the 

effect of decreasing the maximum burst stress was small when the switching part was raised. 

Also, the difference due to the reduction ratio was small. On the other hand, it was found that 

the reduction effect was large when the tapered part was added and the taper angle was 

decreased. Especially, when the taper angle was 4/12 or less, the maximum burst stress was 

smaller than the burst strength, so lengthwise cracks could be suppressed. 

 

 
Figure 18. Determination of occurrence of lengthwise cracks 

 

4. Experimental Study on RC Columns with Tapered Part 

 

In the FEM analysis of the previous chapter, it was found that lengthwise cracks can be 

mitigated by providing a tapered part between the column part and the reduced part. Therefore, 

we conducted experiment aimed at grasping the control effect of lengthwise cracks and the 

rigidity reduction effect in the case where the tapered part is provided and the case where the 
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reduced part is extended in the height direction. 

 

4.1. Specimen and method  

 

Table 5 shows the list of specimens. The specimen consists of a total of three bodies, the two 

with the tapered part whose taper angle are changed and the one with the extended reduced part. 

Fig. 19 shows specimen diagram. The upper part of Fig. 19 shows the column part, and the 

lower part shows the tapered part and the reduced part. 

 

As shown in Table 5 and Fig. 19, the reduction ratio in each specimen is 0.8. The taper angle 

of two specimens is 4/12 (No. 6) and 6/12 (No. 7). Each height of the reduced part is 45 mm. 

 

Table 6 shows the material test results. The concrete strength is Fc60 in the column part and 

Fc100 in the reduced part and tapered part. The experiment method is the same with chapter 2. 

 

4.2. Result and discussion 

 

Table 7 shows the list of experimental results, Fig. 20 shows the occurrence of initial cracks, 

Fig. 21 shows the shear force – deformation angle relationship and the cracking situation at 

1/50 rad. 

 

In No. 6, firstly, bending cracks (①) occurred in the reduced part, secondly, lengthwise cracks 

(②) occurred in the corner of compression surface, and finally, lengthwise cracks (③) 

occurred in the column part and the tapered part at 1/186 rad, which is considerably larger than 

1/400 of the previous specimens without taper. The initial rigidity was 10.72×104 kN/rad. 

 

In No. 7 and 8, the order between cracks (②) and (③) was invers against No. 6. The 

deformation angle when lengthwise cracks occurred in the column part was 1/306 (No. 7) and 

1/538 (No. 8). The initial rigidity was 10.90×104 kN/rad (No. 7) and 9.58×104 kN/rad (No. 8). 
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Table 5. List of specimens 

 
 

 

Table 6. Material test result 

 
 

 Figure 19. Specimens diagram 

 

 
Figure 20. Initial crack progress diagram 

 

  
 

 

  

 

Figure 21. Shear force – Deformation angle relationship 

 

Fig. 22 shows the comparison of envelopes. In the figure, a general column (No. 1) of previous 

specimen is superimposed as a reference value. From the figure, the rigidity and strength of 

each specimen are lower than No. 1. By providing the reduced part and the tapered part, the 
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rigidity of the column base was reduced. 

 

Fig. 23 shows the transition of axial deformation. The axial deformation of each specimen was 

nearly equivalent. This value is about twice as large as that of No.1 without the reduced part. 

This axial deformation is an influence due to the reduction of the cross-section area, and the 

situation where the reduced part is pushed into the column part was not confirmed. 

 

 
Figure 22. Comparison of envelopes 

 

 
Figure 23. Transition of axial deformation 

 

Conclusions  

 

In this paper, the problems of the general design method are shown, and the semi-rigid base RC 

column is proposed as the solution. In addition, the following findings was obtained from 

experiments and analysis on the semi-rigid column base 

 

1) By providing a reduced part on the column base, the initial rigidity can be reduced to 

60~70% with respect to the general column. 

2) When a steel is used for the reduced part, local crash occuers and axial deformation 

progresses. 

3) When the reduced part is provided, burst stress occurs at the cross section switching part 

and lengthwise cracks occurs. As a method to solve this problem, it is effective to provide 

a tapered part having a taper angle of 4/12 or more. 

 

From the above findings, it is concluded that by providing the tapered part and the reduced part 

in the column base, it has stable structural properties and it is possible to reduce the rigidity. 
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Abstract  

 
Earthquakes are one of the biggest disasters in the world reality. As a result of earthquake many 

undesired problem come true. Water is vital for human and health. To protect and predict the water 

quality is essential all the time included disaster terms. Risk assessment tool is very important for 

management of disaster likewise many other applications of life. Today risk management and 

assessment still need more attention. Showing importance of human health risk assessment with 

considering the earthquakes, risk assessment methodologies, approaches, requirements are main 

purposes of the present study. As result, very big links were showed between water, health 

earthquakes along with their potential methodologies. 

 

Key words: earthquake, human health, risk management, water pollution 
 

 

 

1. Introduction  

 

The risk assessment is important for clean-up of released pollutants, besides it has a very critical 

role in assessing the incident’s possibly long-term negative health results. Chemicals has 

existed for a long time and has effects on human health. Although we do have information about 

most of chemicals, we still have limited knowledge about some chemicals. Therefore, new 

materials and new information are constantly being developed [1].  

 

To identify true risk, important chemical information on human health is combined with 

exposure information. Some researchers have calculated for by their intended use a risk 

assessment of industrial products of many kind chemicals. We focus on lifetime exposures in 

this study. In the present, even no proper European guidance is applicable for the risk 

assessment about following chemical incidents or disasters [2].  

 

Human health risk assessment in chemical incidents are different from all exposures up to a 

lifetime. To foresee to different health situation as take account of potential sensitive 

populations are important for chemical risk in terms of human health. Therefore the main 

purpose of this study is adding value of disaster management in terms of risk assessment 

methods and water quality relations and attract to decision makers about risk management. 
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2. Risk Assessment Approaches and Methodologies 

 

The risk assessment is utilized in to many different states. The risk assessment about the process 

security is valid to all processes. That processes are risk analyzed, identity of risks, risk 

prediction and risk assessment [3]. Process safety will be able to referred as "result evaluation" 

in the future and the risk assessment can be used in a toxicological sense. 

 

If we think a risk assessment about human health, this is calculated by the level of exposure to 

polluted environments. The negative effects on human health are examined. In this process, the 

nature, severity and probability of these effects are determined. Risk assessment steps are 

shown to be a four-step process in figure [4] 

 

 
 

Figure 1. Risk assessment model 

 

In the risk assessment on the avoiding stage, risks analysis and risks reduction are an important 

risk analyze factors. In particular, we should focus on the risks that could have serious 

consequences. The risk assessment is a scenario analyze factor of emergency response, planning 

and result assessment. Detection and warning systems are a sustained activity because of engage 

to collect of the chemical signals, also provide rapid timely alert. If the concentration of the 

chemical increases, the signal level may also increase. This event depends on risk assessment. 

Recovery can last for years with activities of to return to the previous state [1]. 

 

The harmful effects of pollutants depend on many factors. These are factors such as the 

transformation of molecular forms and valences. Chemical pollutants can be toxic at 

“physiological dose” may be stimulatory in very minute doses, depending upon age, sex, 

species differences, stress, relationships between chemical pollutants in biological systems [5]. 

Some chemicals are necessary and useful at low levels. Higher levels are toxic and some have 

no function. The likelihood of cancer over the course of exposure to potential carcinogens is 

expressed by the risk estimate for carcinogens. As quantitative level, USEPA has identified a 

risk level range of one in a million to one in a hundred thousand as an appropriate risk 
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management goal for the general population, as long as the most sensitive population is 

protected at 1 in 10,000 [6]. The occurrence of carcinogenic effects in the contaminated regions 

may not be clearly shown because it requires decades of sustained exposure to develop cancer 

[7, 8]. 

 

The Hazard Quotient (HQ) and Hazard Index (HI) of chemicals are easily can be calculated for 

both children and adults in terms of dermal, inhale and ingestion factors in the source of water. 

As formulas; 

 

 HQingest = ADD / RfDose (RfD)  (I)  

 

ADD = Cw . IR . EF . ED / BW. AT (II) 

 

where units ADD (Average daily dose) is mg/kg-day 

Cw(Chemical concentration in water) (mg/L) 

IR(Ingestion rate) (L/day) 

EF(Exposure frequency) (days/year) 

ED(Exposure duration) (years) 

BW(Body weight) (kg) 

AT(Averaging time) (years) 

 

Ingestion rate can be assumed to be 2 L/day for adults and 0.64 L/day for children; Exposure 

Frequency can be assumed to be 350 days/year and Exposure Duration 30 years for adults and 

6 years for children. The mean Body Weight of adults and children living in the area can be 

used. Averaging Time is assumed to be equal to Exposure Duration. 

 

For dermal quantitative risk assessment: 

 

HQdermal = DAD/RfDdermal   (III) 

 

RfDdermal = RfD x GAF [8] (IV) 

 

where GAF = gastrointestinal absorption factor, a risk-based concentration 

 

DAD = Dermal absorbed dose (mg/kg-day) = Kp . Cw . ET . EF . ED . SA / BW . AT   (V) 

In addition; 

Kp(Dermal permeability coefficient) (cm/h) 

SA(Skin surface area) (cm2) 

 

Carcinogenic risk is main problem and risk factor which can be determined by two factors. 

These are reference dose (RfD) and cancer slope factor (CSF). Most factors that cause cancer 

do not have these values yet. CSF is a measure of chemical potency and specific to each 

pollutants differently. A dose-response parameter, called CSF, is used for chemicals exhibiting 

toxic behavior. As rule, carcinogenic risk increases along with carcinogen pollutants. CSF 

reflects the health effects of certain levels of carcinogenic pollutants. RfD is the daily exposure 
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level without significant health risks. RfD is usually derived from an experimental "no observed 

adverse effect level" (NOAEL) [5]. Carcinogenic risk can be calculated in all kind water, using 

the formula; 

  

CR = ADD.(CSF) (VI) 

 

Disaster and especially earthquake can contribute huge amount of chemicals to the water 

sources. Many chemical has higher level of carcinogen and these Cw value can be very high in 

the following of earthquake.  

 

3. Links between Earthquakes and Water Quality Systems 

 

The environment and drinking water is polluted with various chemicals from the factories. For 

instance when the wastes of demolition having 12.5 pH value or more, it is a threat to water life 

completely. Before and after the earthquake, some measures must be taken to prevent all 

adverse effects. These can be divided into as two "Preparation Activities before the Earthquake" 

and "Activities to be done after the Earthquake" [2, 9]. Earthquake locations with their depth 

and strengths are shown in the figure below.   

 

 

Figure 2.  World earthquake locations with symbols (ISC) 

Earthquake risk may be analyzed in two main ways; deterministic and probabilistic. In 

deterministic, usually most adverse earthquake scenario be taken into account. In probabilistic, 

the all potential earthquake scenario be taken into account with their probability of occurrence. 

Deterministic approaches are simple may be comprehended as conceptual. There are two main 

approaches to probabilistic earthquake risk analysis (time-dependent and independent). 

Periodic tendency of earthquake is calculated in the time-dependent approach. The probability 

of an earthquake is estimated, depending on the previous event and time. Instrumental and 

historical earthquake catalogs are combined with geological and geodetic evidence and a 

seismogenic model covering earthquakes have been produced for thousands of years [10]. 

 

Earthquakes are mainly affect to ground and groundwater structure. In a study which 

conducted the area where 2009 earthquake happened are illustrated in figure.  
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Figure 3. Reaction of groundwater diagram before and after the earthquake biodiversity with changes of aquifer 

hydrodynamics [11] 

 

In the same study water quality changes were observed significantly different and earthquake 

almost affected all physical, chemical and biologic parameters in groundwater. pH decreases 

after seismic water because of as the CO2 in the main faults increases. At the same time, there 

was a significant increase in Ca2+ (Fig. 4). In September 2009, previously clogged fractures 

were cleared after ionic enriched water crustal stress and ground shaking. So that electrical 

conductivity increased. Concentrations of very fine sand and Particulate Organic Matter 

increased at the main TS outlets due to the massive dehydrating of the conductive systems. 

Dissolved oxygen (DO) concentration increased significantly after the earthquake, because of 

groundwater flow paths in the aquifer due to a post-seismic higher hydraulic conductivity. 
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Figure 4. Water quality and sand variables recorded at the Springs before (1997, 2005) and after the 2009 

earthquake (2012) [11] 

 

Several industrial facilities for instance oil refineries are in flames after the disaster. Oil and 

pesticide factories, iron, steel works and automotive, electronics, food processing, paper, 

plastics and pharmaceutical facilities are also factors. When cleaning work was done in the 

disaster area, next step problem is what to do with the chemical pollutants that were exposed 

by these damaged industrial facilities and other sources. These industrial main chemicals are 

listed in the international standards as carcinogen chemicals. Most are respiratory hazards, 

neurotoxic and / or carcinogenic chemicals. Many of them can be acutely toxic. Some of them 

are environmentally continuous effects. This can lead to constant pollution, especially in local 

soil and water. Chemical health risks that may arise from disasters are linked to environmental 

and local pollution levels. Risk assessment are very important in this stage to determine 

quantitively “normal” or “safe” for residents and workers in the affected area [12]. 

 

Conclusions  

 

It is simple true that majority of land in the world has earthquake problem. Earthquakes effect 

ground and all surface water structure. Water quality should be protected for human health. 

Decision makers should use risk assessment tools in terms of water contamination for the 

disaster areas. Many risk assessment approaches were developed and ready to apply for disaster 

managers. Especially chemical pollutants can be toxic and carcinogen afterward of the 

earthquake. Industrial lands are needed more attention in this management process. Water is 

source of life and should not neglect in disasters.  
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Abstract  

 
Seismicity and global positioning system (GPS) map of the world displays that Turkey is one of the 

earthquakes affected region due to active tectonic plates. In current research, one of the highest 

seismic alert zones of Turkey i.e. Kocaeli district has been selected. The aim of this study is to 

classify the different sites of Kocaeli region depending on its predominant frequency ranges. More 

than 300 strong motion data with Moment (Mw) magnitude of 3.0 to 6.5 are available on Disaster 

and Emergency Management Authority (AFAD) site for Kocaeli. For current region, out of total 32 

stations, data recordings from 16 stations have been taken into consideration. Strong ground motion 

records with Mw≥ 3 have been utilized to check the consistency of graphical results by using 

classical horizontal to vertical spectral ratio (HVSR) technique. Finally, the results of current method 

are compared with Eurocode8, NEHRP and the 2008 report of the microzonation work done by 

Kocaeli Metropolitan Municipality and Scientific and Technological Research Council of Turkey 

(TUBITAK). The procedure obtained from this study is expected to provide foreknowledge to the 

researchers who will work on this topic. 

 

Key words: HVSR method, Site classifications, Earthquake, Seismic regions 

 

 

1. Introduction  

 

Civil engineering is the mother of all engineering that has changed the frame of this world into 

huge sky catching towers and buildings. The most of economical shares in advanced countries 

like USA, China, Japan, England and France etc. has been contributed to their infrastructure 

developments. Like other countries, Turkey has also devoted a huge amount in their 

construction network. As on one side, country’s economy is based on their sustainability of 

their infrastructure, the other side is to protect them from natural disasters like earthquakes. In 

the Kocaeli devastating earthquake of 1999, approximately 20000 lives were died, and a 

hundred-million-dollar property was destroyed [1]. So, this serious issue has attracted a great 

attention of design and earthquake engineers for safety and rehabilitation.  

In earthquake design engineering, primarily horizontal component (i.e. east-west or north-

south) of input ground motion has been studied for assessment. However, the vertical 

component (i.e. up-down) contains remarkable information for structures in areas with high 

seismicity and not shallow bedrock depth. Both the horizontal and vertical component provide 

same information about the source and path which indicates that there is certain mutual 
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correlation between both components [2]. 

Although earthquake waves move hundreds of kilometers deep, they are influenced by the local 

site conditions. Many researchers have used HVSR technique to assessment these effects [3-5]. 

This method includes of using the spectral ratio of horizontal to vertical part of ground motion 

and approximates the Fourier amplitudes in various frequency range as given in Equation 1.  

 

               (1) 

 

Figure-1 shows the common outline of the procedure which was initially employed to the S 

wave section of the earthquake recordings achieved at three sites in Mexico City [6]. 

 

 
Figure 1. Explanation of the Horizontal to Vertical Spectral Ratio Method [6] 

 

At the same time, the effects of local site conditions on earthquake waves in 1985 Michoacan-

Mexico [7], 1989 Loma Prieta [8], 1994 Northridge [9], 1995 Kobe [10], 1999 Kocaeli [11-15], 

1999 Chi–Chi [16] and 2000 Western Tottori [17] earthquakes occurring in various parts of the 

world have been revealed. 

Opinions in latest earthquakes indicate that surface geology is one of the essential factors 

influencing shaking duration [18]. In current study, Kocaeli district has been selected because 

it is one of the densely populated and industrialized east Marmara regions. 32 stations data are 

available for Kocaeli state on AFAD website [19]. From total 32 stations, 16 stations are 

considered due to precise data availability and compatibility with HSVR technique. The 

purpose is to classify the dominant frequencies of the station regions through the acceleration 

data and to examine the site response uniformity. The research comprises of more than 300 

strong motion records with diverging amplitudes. These data are thus applied to examine 

whether a traditional site response tool such as HVSR produce stable results all over the region 

of Kocaeli. Additionally, the dominant frequency values for current results have been compared 

with NEHRP, Eurocode 8 and with the description of the Microzonation work performed by 

Kocaeli Metropolitan Municipality and TUBITAK in 2008 [20].  

2. Strong Ground Motion Data for Kocaeli Region 

 

Firstly, strong ground motion data records of all 32 stations installed in the region of Kocaeli 

are carefully analysed and then screening procedure has been adopted. It is observed that data 

recordings from 16 stations are well presented and is more compatible with the current HVSR 

technique. Therefore, the strong motion records (approximately more than 300 data) from all 
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16 stations are saved in the directory for HVSR analysis. Figure-2 shows the locations of 

selected 16 stations on the seismic fault maps of Kocaeli region.   

 

 
 

Figure 2. Selected strong ground motion stations of Kocaeli region in current study 
 

Table-1 shows the station codes (SC), their latitude and longitude, installation date and total 

number of records available in each station used for evaluation of site classifications. 
 

Table 1. Detail of selected stations  

 
No Station 

Code 

Station 

Latitude 

Station 

Longitude 

Province Installation 

Date 

Number 

of Record 

1 4102 40.78463 30.02649 Alikahya_Izaydas 2010-09-28 11 

2 4103 40.78577 30.02504 Alikahya_Izaydas 2008-03-11 8 

3 4104 40.68038 29.96998 Basiskele_Yuvacik 2010-09-28 36 

4 4105 40.67441 29.96935 Basiskele_Yuvacik 2008-03-11 44 

5 4107 40.76021 29.93244 Karabas 1999-09-12 33 

6 4110 41.06910 30.15250 Kandira 2010-05-14 19 

7 4111 40.68440 29.58880 Karamursel 2010-05-14 43 

8 4112 40.72450 29.84000 Golcuk 2010-05-14 19 

9 4113 40.77680 29.73350 Korfez 2010-06-10 24 

10 4120 40.76761 30.02737 Alikahya 2012-04-25 15 

11 4121 40.72277 29.96985 Kullar 2012-04-25 23 

12 4123 40.71515 29.84794 Ihsaniye 2012-04-25 14 

13 4124 40.78308 29.60625 Hereke 2012-06-06 8 

14 4125 40.76650 29.91721 Kozluk_Meteor 2012-07-06 7 

15 4126 40.76252 29.91485 Kozluk_Muze 2013-08-16 15 

16 4128 40.72490 30.02435 Kartepe 2014-10-21 10 

 

2.1. Local site classifications 

 

The Metropolitan Municipality of Kocaeli and Marmara Research Center of TUBITAK have 

produced a seismic microzonation report in 2008 including soil classification map for seismic 

hazard prediction. Figure-3 shows site classification map for Kocaeli region produced by above 

two agencies. 

In that report, a various, geophysical surveys and geological investigations have been done. 

These surveys contain macro level site investigations and measurements. Thus, site 
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classification map has been developed based on the average S wave velocity passing through 

30 m depth of soil. For investigation of deep underground structure of the Izmit Basin, S wave 

profiles and gravity data from 327 points have been collected and from these data have been 

created 3D bedrock depth of the basin. It has been noticed that bedrock is available at the middle 

of the basin at a depth of 750-800 m [20].  In the study carried out by Ozalabey et al., thickness 

was given in the same basin in the range of 1200-1400 meters [21]. 

HVSR method has been adopted to obtain the site resonance frequency and horizontal to 

vertical amplification parameters. For this, a total of 422 three component micrometer 

measurements have been made. 

 

 
Figure 3. Kocaeli soil classification map according to Eurocode 8, NEHRP and TEC 2007 [22-24] 

 

According to the Eurocode 8 procedure adopted by the Municipality of Kocaeli and TUBITAK 

Marmara Research Center soil classification has been divided into four categories (A-D site 

classes). Similarly, According to NEHRP, soil classification has been divided into five 

categories (A-E site classes). Whereas Turkish Earthquake Design Code 2007 classifies the soil 

(Z1-Z4 site classes). Figure-3 shows the soil classification map presented for Kocaeli region 

according to Eurocode 8, NEHRP and TEC 2007. The HVSR technique [25] is commonly used 

in seismic hazard evaluations since it is comparatively consistent, suitable, and valid for urban 

areas. To date, the use of the HVSR procedure for site seismic classification is still in progress 

[26]. For the current research, Figure-3 have been used as reference maps for comparison of the 

results. Total 16 stations have been considered for the current research to check their soil 

classifications. All three components (NS, EW, and UD) of records have been considered.  

Firstly, raw data is analyzed by using MATLAB code [27] and then most suitable records are 

selected for further processing. In data acquisition and processing, noisy waves with 

frequencies smaller than 1 Hz and higher than 70 Hz should be separated from the real data 

[28]. Therefore, a baseline linear correction and a band pass butter worth filtering, with a range 
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of 1 Hz and 70 Hz is applied. Fourier spectra graphs for data acquisition and processing is 

shown in Figure 4.  

 

 
Figure 4. Unfiltered (a) and Filtered (b) Ground Surface Fourier Spectra   

 

3. Results & Discussions 

 

As discussed before, recordings from 16 stations have been considered to classify the site 

classes (A-D). The output obtained from HVSR ratios are shown in the Figure 5-8. The analysis 

shows that HVSR are consistent with each other. The obtained ratios are grouped in the 

following frequency ranges: f0<1.0 Hz, 1.0<f0<2.0 Hz, 2.0<f0<3.0 Hz and 3.0<f0<5.0 Hz [29]. 

In Figures 5-8, SC denotes station codes of selected stations. Different color of graphical curves 

in Figures 5-8 represents each strong ground motion data that is utilized in HVSR method.   

 

 
Figure 5. Distribution of the fundamental site frequencies for A site 

 

According to Figure 5. the frequency ranges obtained from station SC4124 (Hereke region), 

HVSR technique outputs f0 <1.0 Hz. It is classified as fundamental frequency A class site.  
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Figure 6. Distribution of the fundamental site frequencies for B site 

It is observed in Figure 6 that for SC4102, SC4103, SC4105, SC4107, SC4120 and SC4126, 

the fundamental frequency ranges 1.0 < f0 < 2.0, Hence selected station sites are classified as B 

site.  
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Figure 7. Distribution of the fundamental site frequencies for C site  

 

It has been seen in Figure 7  that SC4110, SC 4113, SC4121, SC4123, SC4125 and SC4128 are 

within the range of 2.0< f0 <3.0, thus a site class C is assigned.  

 
Figure 8. Distribution of the fundamental site frequencies for D site 

 

Figure 8. presents the highest frequency ranges 3.0 <f0 < 5.0 Hz, thus according to classification 

rule, it is classified in site D.  

 

To conclude, the strong ground motion recording station positioned at the site of Hereke possess 

fundamental frequency ranges less than 1 Hz. Similarly, stations of Alikahya, Basiskele, 

Karabas are found at fundamental sites frequency ranges of 1.0-2.0 Hz. Stations at Kozluk 

shows variability that defines the non-uniformity of site classed between B and C.  Further, 

recording sites of Kandira, Korfez, Kullar, Ihsaniye, and Kartepe are found in 2.0-3.0 Hz. Like 

Kozluk, Basiskele also show non uniformity of soil sites and its stations vary from B and D 
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classes. However, Karamursel and Golcuk stations have ranges of 3.0-5.0 Hz, thus classified in 

D class.  

 

3.1. Comparison of site fundamental frequencies with the site classes  

 

The distribution of the fundamental site frequencies for the selected Kocaeli stations have been 

compared with the local site classes in different codes. Site classification maps given in Figure 

3 have been used for comparison. Table-2 yields the comparison results and it can be seen that 

HVSR provides similar results like other techniques used before for site classification. Thus, 

HVSR method can also be recommended for the site classification because it is simple and 

quick method to evaluate fundamental frequency of a site. 

In the Table-2, the site classification has been done for the current study in terms of A 

(frequency ranges: f0<1.0 Hz), B (frequency ranges: 1.0<f0<2.0 Hz), C (frequency ranges: 

2.0<f0<3.0 Hz) and D (frequency ranges: 3.0<f0<5.0 Hz) respectively. 

Table 2. Comparison of the results obtained from this study with previous studies 

 

 

Conclusions  

 

In this study, data from the saved directory of 16 stations are utilized to investigate whether a 

classical site response tool such as HVSR yield consistent results throughout the region of 

Kocaeli. Therefore, the predominant frequency values for current results are evaluated and 

compared with NEHRP, Eurocode8, and the report of the Microzonation work conducted by 

Kocaeli Metropolitan Municipality and TUBITAK in 2008 to assign site classes. 

 

Analysis of earthquake ground motion records show that all the selected stations are located at 

sites that can be characterized by four fundamental frequency ranges. The obtained ratios can 

be grouped in the following frequency ranges: f0<1.0 Hz, 1.0<f0<2.0 Hz, 2.0<f0<3.0 Hz 

and3.0<f0<5.0 Hz. Results shows that HVSR method gives reasonable similar results like other 

site classification techniques and can be used for the quick site response classification and 

analysis. Thus, HVSR method can also be recommended for the site classification because it is 

simple and quick method to evaluate fundamental frequency of a site. 

  This Study 

Station 

Code 

VS(30) NEHRP Euro Code 

8 

TUBITAK 

2008 

Dominant 

Frequency 

Frequency 

Range 

Site 

Classification 

4102 1000 A A Z1 1.0 1.0<f0<2.0 B 

4103 1013 A A Z1 1.0-2.0 1.0< f0<2.0 B 

4104 770 C B Z3 3.0-4.0 3.0< f0<5.0 D 

4105 - C B Z3 1.0-2.0 1.0< f0<2.0 B 

4107 305 D C Z3 1.0 1.0< f0<2.0 B 

4110 380 D C Z3 2.0-3.0 2.0< f0<3.0 C 

4111 300 E D Z4 3.0-4.0 3.0< f0<5.0 D 

4112 352 D C Z3 2.0-3.0 3.0< f0<5.0 D 

4113 300 D C Z1 2.0-3.0 2.0< f0<3.0 C 

4120 - A A Z1 1.0 1.0<f0<2.0 B 

4121 - D C Z4 2.0-4.0 2.0< f0<3.0 C 

4123 - D C Z3 2.0-3.0 2.0< f0<3.0 C 

4124 - A A Z1 0.2 f0<1.0 A 

4125 826 D C Z4 3.0 2.0< f0<3.0 C 

4126 - D C Z4 2.0 1.0< f0<2.0 B 

4128 - D C Z4 3.0 2.0< f0<3.0 C 
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For future works, the results evaluated in this study can be compared with the SSR method. 

This will allow the future researchers to examine the consistency, precision, and reliability of 

both techniques.  
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Abstract 

 

People’s comfort depends also on the wind condition, which is strongly guided by urban spatial 

design. This paper focuses on climatic conditions and pedestrian behavior in an urban area. These 

studies emphasize the connection of people’s attitudes with physical and climatic ambiance. The 

challenge of urban designers is to consider the surrounding structures and the topography to design 

a comfortable outdoor public space. Two criteria are used to assess the wind in a public space 

domain. The CFD was used as an instrument to analyze pedestrian wind comfort in the outlined 

environment. This study has come to important findings related to the air movement in and around 

the studied domain: High-velocity wind can be a nuisance for most creative activities in the 

outdoor public space. This paper provided a velocity map for future recreational activities inside 

the current building pattern. The effects of these architectural patterns were discussed. 

 
Keywords: Outdoor public space, building configuration, wind velocity, CFD, comfort 

 

 

1. Introduction 

 

Nowadays, the concern in urban safety is raised globally, since the population living inside the 

urban area is increasing dramatically. More than half of the world population is living in cities 

or towns with a growing tendency in the upcoming years [1]. In the past 50 years it is observed 

an increase in cites and town population. By 2050 around 7 billion people or over 2/3 of the 

world population will be living in urban areas, consequently to the rapid economic growth [2]. 

Much research is focused on urban environment climate, finding solutions to improve the 

conditions to a better living habitat. Wind condition is also related to the performance of 

buildings in an urban area [3]. People’s comfort also depends on the wind condition, which is 

strongly guided by man-made barriers and the urban spatial morphology [4].  City authorities 

are often obliged to find immediate and long-term solutions to improve microclimate quality in 

the physical layout of existing high-density cities. Particularly in new urban areas, they often 

order aerodynamic studies focused on wind comfort to the pedestrian level. Recently, many 

authorities have given permission to new development areas after wind comfort studies, 

focusing on pedestrian levels. Therefore, wind safety has always been an issue to consider for 

people’s comfort, typically those living in cities influenced by high-speed wind.  
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Every season, people living inside cities enjoy outdoor public areas hence, urban designers are 

interested in confronting their concepts also with microclimate issues. An interesting domain 

remains the implementation of comfortable spaces for people living in urban areas.  Regularly, 

outdoor public spaces are conceived as places to walk, relax, interact, and perform between 

people. Cities reflect the societies that have shaped them, and they participate in shaping human 

behavior [5]. Often, is distinguished a symbiotic relationship of outdoor public spaces and high-

rise buildings, particularly in new urban developments. These buildings in many ways influence 

the public spaces close to their basement. High-rise buildings often show fascinating elegant 

shapes, but they are liable for significant changes in the urban area’s environmental conditions. 

The challenge of urban designers is to consider the surrounding structures and the topography 

in order to design a comfortable outdoor public space. It is also known that wind speed increases 

in open spaces. This study analyzes people’s comfort and public space in order to suggest an 

outdoor environment with a framework to counter the desired wind conditions.   

 

Much research is done over the years, focused on the urban space’s configuration concerning 

people’s comfort. The future of urban public space configuration is directly affected, 

particularly by wind speed and other environmental elements [6].  The unpleasant 

environmental conditions generated in an area in San Francisco, principally wind and sunlight, 

derived by the presence of multistory buildings [7, 8]. These studies emphasized the importance 

of the design under regional climatic elements. Also, environmental elements and architectural 

design altogether, affect the user’s perception, related to distinctive places [9].  Other studies 

used real measurements to quantify the relationship between wind conditions and pedestrian 

behavior [10]. Other studies were focused in personal behavior toward rapid change in wind 

speed [11]. Other researchers emphasize that people comfort is related not only to 

environmental factors, but also to other external elements such as clothing, age, and gender, 

[12]. People’s comfort and healthy life in public space areas is yet a major concern to many 

researchers [13-16].  All these researchers are focused on climatic conditions and patterns of 

behavior in an urban area. These studies emphasize the direct connection of people’s behavior 

not only with physical and climatic ambiance but also to other social aspects. Hence, urban 

design impacts people’s quality of life.  
 

The wind is an invisible fluid hence, it is difficult predict.  Therefore, the wind is widely being 

factorized in the urban environment by using computational tools. Several techniques have been 

used to assess wind flow, but it seems that only one, above all methods, prevailed over the last 

50 years. If it is considered the affordability, accuracy and information availability, 

computational fluid dynamics (CFD) is one of the most effective methods to evaluate the 

building environment design [17]. On-site analysis and wind tunnel methods present 

incomplete information in comparison to CFD. Wind tunnel evaluates only few areas in a 

physical model, and it doesn’t cover the whole flow field at once [18].  Because of these 

advantages, CFD simulations are commonly applied to analyze the wind flow in environmental 

sensitive domains [19].  The CFD has been used for partial information and rarely as part of a 

complete study on pedestrian safe and comfort [20, 21].  

 

Several researchers highlight the Raynold-Averaged Navier-Strokes (RANS) as a CFD 

mathematical model [22]. RANS model is also used to determine the wind flow pattern to 

evaluate the influence of the domain’s geometry [23]. RANS CFD simulations are an effective 

method to assess pedestrian wind comfort and safety in urban areas [24]. 
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1.1 Case study. 

 

Rapid urbanization also affected Tirana due to fast economic changes. The urban development 

is often chaotic, and the green space is decreasing constantly, giving space to buildings and 

concrete pavements. The local authorities intended to expand the future development of the city 

by extending the main boulevard in the northern part of it, renovating the banks of the river 

Tirana and the rest of the area. That part of the city presents a lot of environmental challenges 

such as air and water pollution, urban sprawl, waste disposal, etc. The area close to the river 

provides an open corridor for the wind to penetrate at high speed. In most cases, areas affected 

by strong wind are located along the seaside or close to riverbanks [32]. There were several 

proposals, but the winning one suggested a pattern of public spaces extended along the newly 

designed boulevard. One of the most discussed domains was the new central park positioning. 

This public area will be surrounded in all its contour by tall buildings adjacent to the riverbanks, 

(Figure 1). During the project presentation, the designers provided environmental studies by 

showing an ambitious urban design, but we couldn’t find any study focused on wind flow.  

Urban areas, above all, should provide safety and comfort to their occupants. We focus this 

paper on pedestrian comfort, involved in various activities in this newly suggested 

development. The purpose is to merge the existing terrain and the future design geometry into 

wind comfort assessed by CFD. 

 

Figure 1. The winning masterplan (future park). 
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2. Method 

 

2.1 Three-dimensional model and RANS Computational parameters 

 

After being supplied with the future urban development drawing, we could create a three-

dimensional model in real scale 1:1 using computer-aided design (CAD) software package. 

Since urban development covers a large area, we have provided none building details. Our 

model was not limited only to the building’s main geometry but also to the surrounding 

buildings nearby the studied area. The CAD file is considered being topologically incorrect due 

to the participles (triangles) that constitute a mesh surface. These participles easily intersect 

with other meshes, resulting in missing geometries. That is why the 3-D model is exported as 

an STL file, to be used by ANSYS CFX 12.0 software package. CFD software adopts a special 

“shrink-wrapping” mesh topologically correct and can be therefore used as a model boundary 

for the simulation.  

 

Two transport equations were used to explain the RANS turbulence parameters: the first 

equation is focused on kinetic energy k and it is called the transport equation. The second 

equation controls the transport of the dissipation rate ℇ of K. The turbulence parameters for the 

model were: Model of turbulence=k-epsilon. Turbulent kinetic energy=0.015, Turbulent 

dissipation rate ℇ = 1.7029E-06 and Specific Dissipation rate ῳ = 0.00126143. The wind tunnel 

parameters were: Kinematic Viscosity:1.5e-005m²/s. Density 1.25kg/m³. Convergence criterion 

(P-Residual) =0.001. 

 

2.2 Simulation; wind speed  

 

Studies of wind comfort are a collection of three types of data: statistical meteorological data, 

aerodynamic information’s and wind safety and wind comfort criteria [18].  The wind climate 

is recorded in the standards by local institutions and then broadcast to different media. The wind 

meteorological data was available at the Weather Spark website. This website represents the 

mean wind data determined over time for Tirana city. Over the course of the year, the windy 

days are more frequent along late Autumn, Winter, and Spring. The calmer time lasts for almost 

6 months from April to October. Mean wind speed at the chosen site throughout the year varies 

from 0 km/h to 22km/h. Occasionally the maximum speed exceeds 35km/h approximately 

(10m/s).  

 

The wind from the north at (10m/s) was chosen as the worst-case scenario. This direction 

coincides with the open riverbank’s corridors responsible for high-speed wind gusts. Hence, 

this parameter was applied in the CFD simulation as a north vector. This scenario is more likely 

to happen from November to February. To have a fundamental understating the model was 

analyzed also from the other directions (East, West, South), but at a lower wind speed 5m/s. 

Therefore, the model was tested four times in different directions: North 0º-10m/s; East 90º-

5m/s; South 180º-5m/s; West 270º-5m/s. After obtaining all the graphs and data, we can 

increase the awareness of the risky areas and those where comfort is provided during any 

season.  Since the project is not yet implemented the field survey was unavailable. Albania 

doesn’t adopt it is own standards on wind comfort and wind safety, hence we have decided to 

control the results accordingly [30], [28].  

 

Various societies use different standards to set the limit values for wind comfort and wind 

safety.  The criteria to be used for assessment of pedestrian wind conditions have been 

developed through research and practice. Most of these criteria try to set a limit wind speed 
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over a probability to happen [25]. Despite the fact that many studies are made in wind comfort 

criteria over the years [26, 27, 28, 29, 30, 31]. Albania doesn’t apply its own standards on wind 

comfort yet.  

 

3. Results 

 

3.1 Wind tunnel parameters 

 

Since the model uses a unique geometry, every simulation had the same fine grid in the wind 

tunnel made by 784,470 cells and 917,448 nodes. This grid has been proven to be efficient in 

terms of accuracy and computational time.  For computational purposes, was used a thicker 

grid. The results of this model were not considered. The wind assessment is recoded mostly 

from a horizontal plan 1.7m high. Undoubtedly, the wind speed changes at different altitudes, 

but our concern was only for the pedestrian level. After the first results, we were able to place 

also vertical plans to have a better evaluation of the entire area of the future park.  Tunnel 

parameters were: Dimensions: Dx=6540m; Dy= 2955m; Dz=577m; Original model drag force 

sum: Fx=1341kN, Fy=115kN, Fz=2937kN. Simplified model drag force sum: Fx=1455kN, 

Fy=167kN, Fz=2398kN. Flow parameters were in the following terms: Inlet velocity 5m/s to 

10m/s; Kinematic viscosity 1.5E-005m²/s; Density 1.25kg/m³.  

 

3.2 CFD simulations 

 

The first simulation on the above grid was performed for the prevailing north wind direction 

(0º) at 10m/s. Inlet velocity 10m/s. The wind speed ratio inside the future public park areas 

varies from 0.1m/s-8m/s. Investigating the velocity field plan, is shown that 64% of the future 

park area is affected by wind high-velocity 4-6m/s with a peak wind velocity at 8.98m/s. 

Dangerous high wind velocities appear at these areas; (a1=8.98m/s); (a2=6.32m/s). (Figure 2a). 

This simulation was also supplied with a vertical plan registry showing the wind velocity at 

different highs. The vertical plan shows that the air moves much faster above the ground due to 

the absence of the obstacles. (Figure 3a). 

 

 
Figure 2. Wind velocity field; (a. north at 10m/s; b. south at 5m/s; c. east at 5m/s; d. west at 5m/s). 
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In the second simulation, was applied a lower wind speed at 5m/s prevailing from the south 

direction (180º). The tested speed was diminished since according to the prevailing wind in this 

direction and the probability it happens.  Inlet velocity 5m/s. From this direction, the wind 

encounters other buildings with almost the same high suggested in the master-plan. Wind speed 

ratio inside the future public park areas varies from 0.1m/s-1.9 m/s. Investigating the velocity 

field plan the results show 53% of the future park area is affected by wind high-velocity 1-2m/s 

with a peak wind velocity at 1.92m/s. The rest of the area is affected by wind speed lower than 

1m/s. High wind velocities occur at these areas; (a1=1.92m/s); (a2=1.85m/s). (Figure 2b). 

 

The third simulation adopted the same wind speed as above (5m/s), except the prevailing 

direction from the east (90º). Wind speed ratio inside the future public park areas varies from 

0.1m/s-6m/s. Investigating the velocity field plan the results show 81% of the future park area 

is affected by wind high-velocity 1-2m/s with a peak wind velocity at 6.11m/s. The outer 

buildings barrier seems to have several gaps in this direction. The increase of speed at these 

passageways happens due to a decrease in static pressure or a decrease in potential energy 

(Bernoulli principle on fluids). Severe wind velocities are recorded at these passages; 

(a1=6.11m/s); (a2=5.83m/s); (a3=5.94m/s) (a4=4.18m/s). (Figure 2c). A considerable vortex is 

created in this simulation (Figure 4c).  

 

 
Figure 3. Wind velocity field (north at 10m/s). 
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Figure 4. Wind streamlines (a. north at 10m/s; b. south at 5m/s; c. east at 5m/s; d. west at 5m/s). 

 

As mentioned above the last simulation preserve the same wind speed at 5m/s prevailing from 

the west (270º). Wind speed ratio inside the future public park areas varies from 0.1m/s-4m/s. 

Investigating the velocity field plan the results show 58% of the future park area is affected by 

wind high-velocity 1-2m/s with a peak wind velocity at 4.47m/s. Critical high wind velocities 

appear at these areas; (a1=4.47m/s); (a2=3.20m/s); (a3=2.76m/s) (Figure 2d). Several vortexes 

are created in this simulation (Figure 4c). 

 

3.3 Pressure field 

 

In the pressure field graphs, the playing area is created in the simulation b-(wind blowing from 

the south) and d-(wind blowing from the west). For tests running at 10m/s, results show the 

maximum dynamic pressure of 51.3Pa and the minimum -96.5Pa. (Figure 5a). It also reveals 

the lowest pressure field is also in the model-b with a maximum dynamic pressure of 12.7Pa 

and a minimum of -20.0Pa. (Figure 5b).  The surface pressure in the building facades does not 

reveal any useful information to be used for evaluating the wind flow inside studied area. 
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Figure 5. Dynamic pressure field (a. north at 10m/s; b. south at 5m/s; c. east at 5m/s; d. west at 5m/s). 

 

4. Discussions  

 

This paper has analyzed the wind speed generated in a public ambiance. The studied area was 

unconventionally surrounded by tall buildings, and this fact raise our concern about wind flow 

issues. As mentioned above, the architectural proposal has not presented any study focused on 

the wind flow hence, we have been able to develop CFD as a method of evaluating the wind 

flow in the future public park area. Therefore, the short-term on-site investigation wasn’t able 

since the master-plan we have evaluated is not yet been implemented. This study has come to 

important findings related to the air movement in and around the studied domain: 

 

1. The worst-case scenario is more likely to happen in winter from November to February 

when the wind blows from the north (10m/s), (Figure )2a In almost half of the area, the wind 

was 4-6m/s considered definitely unpleasant for sitting, moderated for strolling and good for 

traversing [30]. This means in most cases the area is not suitable for people seeking to relax. 

One of the most important factors that affect people’s behavior seems to be the urban wind 

environment [33, 34].  As wind speeds increase, some variations can become more abrupt and 

of greater amplitude, such as “wind gusts” [35]. The wind gusts are defined as a short-duration 

(seconds) maximum of the fluctuating wind speed [36]. Hence, in the first scenario, we could 

discover also wind ate high velocities (9m/s) but these were limited areas hence, considered a 

nuisance for most creative activity [28]. In this scenario, the leaves would sway creating 

unpleasant conditions for people standing nearby.  

2. In every environmental condition and direction, the wind is not distributed in a uniform 

pattern, (Figure 2a). The way the air mass moves over and around the urban context is a complex 

fluid flow phenomenon [37]. Probably the reason for this variable is the presence of nonlinear 

building layout suggested in the master-plan. The difference is visible mostly in the first 

scenario when the wind blows from the north at 10m/s. Hence, two different approaches must 

be considered in the design concept for the same public park.  

3. The presence of tall buildings in the park boundary was not common at these distances. 

These buildings direct the air at high velocity inward the public park. Tall buildings often show 
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captivating elegant profiles, but the higher they are, the stronger the wind blows on their top, 

[35]. Many studies emphasize the down-draught effect generated on high-rise buildings 

therefore, they are strongly influencing the wind flow causing discomfort at the pedestrian level 

[38]. Inspecting (Figure 3a) we could find a faster movement of the air above the ground 

because of the absence of the obstacles. The higher the building, the more wind ate high velocity 

is captured and guided beneath the base of the building causing discomfort to pedestrians.  

 

 
Figure 6. A hypothetical model of the park design. (h) – high speed areas; (s) – slow speed areas. 

 

4. Wind at high velocities is obtained when the wind blows from the east, even at a lower 

speed (5m/s). The highest speed is generated in-between the buildings gap’s (Figure 2c). The 

wind gains speed in the gaps due to the high pressure created in the building’s facades [4]. 

(Figure 5c). (Figure 6c), reveal this increase in wind’s pressure at the east, considering the wind 

finds no nearby barriers at that direction. High speed wind currents are created in the channel 

mostly by parallel facades and the sudden drop of pressure. The wind speed generated in the 

gaps wouldn’t be difficult to people traversing, jogging or running but not comfortable for 

people sitting or resting [30], [28]. But channeling needs to be considered in higher speed 

prevailing winds.   

5. This study provides design recommendations to avoid pedestrian discomfort. After picking 

up all the result, we could overlay all the graphs taken in all four scenarios in order to identify 

a hypothetical best-case scenario. In the (Figure 6), we have identified the high-velocity areas. 

Inside the green areas labeled “h” sitting and standing is unpleasant unless mitigation strategies 

(such as tree plants), are implemented. The blue areas labeled “s” show the slow speed areas in 

every wind condition. The following area reports a wind speed of 0.1m/s to 2m/s, which is 
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considered relevant to most creative activity [28].  Our simulations revealed in all cases, the 

absence of any dangerous area for pedestrians. The top speed observed in specific areas is 9m/s.  

 

5. Conclusions  

 

This paper was focused on wind conditions and pedestrian behavior in a public urban area. The 

urban context impact dramatically on urban wind patterns. Moreover, the urban wind is 

influencing pedestrians’ wind comfort and safety. The purpose of this study was to analyze 

people’s comfort and public space to suggest a pleasant outdoor environment.  The CFD was 

used as an instrument to evaluate the wind impact on a public domain, included inside the 

pattern of the buildings. The effects of these architectural patterns in the wind conditions were 

discussed.  

The architectural shapes are capable to impact at large the local wind by different aspects such 

as building dimensions, their orientation, urban density, structure articulations, etc. The study 

indicates that high velocity wind can be a nuisance for most creative activities in the outdoor 

public space.  A decrease in wind speed, particularly during winter, would help urban habitants 

to extend their recreation time in the future park domain. This study attempts to provide urban 

designers with planning instruments to consider pedestrian safety and wind comfort during their 

creative process.  

This paper provided a velocity map, (Figure 6b), for future recreational activities inside the 

current building pattern. Activities in the park could be designed according to the tolerated wind 

speed in this map. Hence, urban design impacts people’s life quality.  

 

Future research 

 

Mitigation strategies are typically recommended to improve the safety and comfort of 

pedestrians. Tree planting in the areas where wind speed exceeds 7-8m/s might be one of the 

mitigation strategies. Also, the mitigation strategies might consider a different design concept 

of the building units, with pedestrian comfort in mind. Other research must be done in order to 

improve the microclimate through trees plant typologies. They can both be used for mitigation 

strategies during winter and at the same time to enhance ventilation during the summer. Hence 

a study focusing on local season must be done in order to better evaluate the people’s comfort.  
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Abstract:  

 
In the study, the nonlinear behavior of reinforced concrete (RC) structures was investigated 

considering effect of effective bending rigidity under seismic loads. The cross-sectional effective 

bending rigidity (EIeff) of structural members was evaluated using different approaches of seismic 

design codes. The values of EIeff given in Eurocode-8, Turkish Seismic Design Code (TSDC) 2007 

and Turkish Building Earthquake Code (TBEC) 2018, were used in a case study and compared with 

the initial (uncracked) section rigidity. The nonlinear single mode pushover analysis was carried out 

to determine the nonlinear performance of a RC frame structure model in SAP2000. In nonlinear 

pushover analysis, the lumped plasticity and plastic hinge theory were used to define nonlinear 

behavior of the structural members. The plastic characteristics of structural members were also 

evaluated using moment-curvature relationship in Xtract. The dimension of cross-sections and 

reinforcing details were chosen considering the design requirements of TSDC 2007 and TBEC 2018. 

The structural performance of the RC frame models with different stiffnesses was compared with 

performance of the model in which initial rigidity used. The base reaction force vs. top displacement 

demand, story drifts, and plastic hinge mechanisms obtained from the analyses were selected as 

comparison criteria. It was observed in the analysis results that a remarkable difference occurred in 

force and displacement demand between the models using the different effective bending stiffnesses. 

 

Key words: Effect of effective bending rigidity, nonlinear performance, reinforced concrete 

structure, pushover analysis 

 

1. Introduction 

 

Reinforced concrete (RC) structures might be exposed to different seismic effects during their 

service lives. Determination of the nonlinear behavior of these structures is the one of the most 

convenient ways to check structural safety. For this purpose, the structural behavior could be 

evaluated with different nonlinear analysis methods under the seismic effect [1-4]. To 

determine the proper analysis method for the nonlinear behavior of RC structures is very 

crucial. Pushover analysis is one of the most commonly used methods to evaluate performance 

of RC structures under earthquake loads [5-9]. In this method, the displacement demand of a 

structure is calculated by a monotonically incremental loading. This increase in seismic 

displacement demand should be proceeded until a reliable target displacement. Besides, the 

force distribution due to lateral earthquake load is taken into account in a compatible form of 

fundamental first mode on the structure at every story level [10-12]. In the last increment step 

of target displacement, demands of base shear force, top displacement, and story drifts are 
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calculated to determine plastic deformations on each structural element. The plastic 

deformation intensity of each structural element is crucial for the assessment of RC structures 

in a nonlinear analysis. In this analysis, nonlinearity of each structural element affects directly 

the nonlinear behavior and performance level of RC structures. The nonlinearity of elements is 

defined by using plastic hinge theory with lumped plasticity. Plastic deformations are observed 

in a plastic hinge length at the both ends of structural elements. Additionally, it is assumed that 

the other parts of each structural element exibit elastic behavior [13]. 

 

On the other hand, cross-sectional properties and behavior of these elements should be known 

to define nonlinear behavior of RC structural elements. Moment-curvature (MC) relationship 

is one of the best theoretical approaches to represent the nonlinear behavior of RC elements 

[14-15]. Additionally, the moment-curvature relationships should be used with interaction 

surfaces of vertical structural elements (column, shear wall etc.). The interaction surfaces are 

evaluated according to the different levels of axial forces in a column or shear wall. Thus, the 

positive/negative effect of compression and tension forces can be taken into account by the 

cross-sectional analysis of a column or shear wall. 

  

Additionally, flexural stiffness and ductility of a section can be determined using moment-

curvature relationship [16]. The slope of MC relationship represents the effective bending 

rigidity (EIeff) and is calculated by dividing the value of yield moment to the value yield 

curvature. Mander confined and unconfined concrete models which are one of the most 

commonly used models in literature to represent material behavior, are used in cross-sectional 

MC analysis [17]. The effect of confinement is considered for each different section. 

 

In the study, twelve incremental single mode pushover analyses were carried out using the 

different values of EIeff defined in different design codes. These stiffnesses were calculated 

according to Eurocode-8, Turkish Seismic Design Code for buildings 2007 and Turkish 

Building Earthquake Code 2018 (TSDC 2007 and TBEC 2018) [18-20]. Besides, Xtract [21], 

which is a commercial sectional analysis program was used to determine EIeff of the sections 

and they were compared in pushover analysis. All pushover analyses were performed by using 

Sap2000 a commercial general finite element software [22].  According to the result of 

pushover analysis, the design code approaches were assessed by considering the variation of 

the structural demands and performances. 

 

2. Numerical Modelling and Parametric Study 

 

In the study, an incremental single mode pushover analysis is used to determine nonlinear 

displacement demand of structures under seismic loads. The displacement demand affects 

nonlinear deformations of structural elements directly. These deformations are evaluated using 

plastic hinge properties of each cross-section. Therefore, defining plastic hinge properties of 

cross sections is very important to determine nonlinearity of structures in pushover analysis. In 

this part of the study, modelling methodology is explained to create a numerical model in 

nonlinear analysis. In this research, twelve pushover analyses were applied to an eight-story 

RC structural frame model to determine effect of EIeff on RC structures. In the analyses different 

EIeff is used considering different code approaches to compare obtained results with the values 

obtained from Xtract. The analysis results are compared in terms of nonlinear force-

displacement relationship, story drifts, plastic hinge rotation, and variation of first fundamental 

vibration mode of the structure. 
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2.1. The Model of Superstructure  

 

Three dimensional (3D) numerical models of an eight-story RC structure, designed according 

to the minimum design requirements defined in TSDC 2007, are created. The dimensions of 

each cross-section, and reinforcement details of the structural elements are tabulated in Table 

1. Moreover, reinforcement details of structural elements, and general layout and plan views of 

3D numerical models are given in Figures 1 and 2 respectively. 

 
Table 1. Material and section properties of superstructure 

Name Element Concrete 

–Reinf.  

Mod. of 

Concrete 

(MPa) 

Mod. of 

Reinf. 

(MPa) 

Yield Strength 

of Reinf. 

(MPa) 

Dimensions 

(mm) 

Long. – Trans. 

Reinforcement  

(mm) 

C1 Column C25 – 

S420 

30000 210000 420 600x250 1016–10/100 

C2 Column C25 – 

S420 

30000 210000 420 250x600 1020–10/100 

C3 Column C25 – 

S420 

30000 210000 420 600x250 1020–10/100 

B1 Beam C25 – 

S420 

30000 210000 420 250x500 616–10/100 

B2 Beam C25 – 

S420 

30000 210000 420 250x500 620–10/100 

 

 
Figure 1. Reinforcement details of structural elements  

 

 
 

Figure 2. Plan view and general layout of structural model 

 

It is assumed that all structural systems are constructed in a high seismic risk zone (first-degree). 

Therefore, they must a have high ductility. Moreover, soil conditions are considered as a Z4 

soil class defined in TSDC 2007 for all structural models. In TSDC 2007, it is proposed that the 

peak ground acceleration (A0) should have taken as 0.4g for the first-degree seismic risk zone. 

Elastic-perfectly plastic behavior is defined for the stress-strain relationship of steel 

reinforcement. Mander [17] confined and unconfined approaches are used for the nonlinearity 

of concrete material.  
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Plastic hinge properties of each cross section are calculated by considering reinforcing details. 

These plastic hinges are determined according to the moment-curvature relationship of each 

different cross-section assigned to the end points of structural elements. The frame in red box 

in Fig. 2 is selected as a reference axis to be able to compare analysis results. The moment-

curvature relationships of all beam and column sections are given in Figure 3. 

 

 
Figure 3. Moment-curvature relationships 

 

The plastic hinge properties of beams (M3) are defined considering moment-curvature 

relationships. On the other hand, the flexural moment capacities are changed according to the 

axial force level (tension or compression) on the RC columns. Therefore, the plastic hinge 

properties of columns (P-M2-M3) are defined in accordance with interaction surfaces of 

columns. The axial forces are calculated by using interaction surfaces of columns in plastic 

zones. The interaction surfaces are obtained by using section designer module of SAP2000. In 

Sap2000, the moment-curvature analysis and the different interaction surfaces of columns are 

determined by using this module. During the pushover analysis, the SAP2000 software uses the 

default and adaptive axial forces obtained from interaction surfaces in the section designer 

module instead of user defined values. The interaction surfaces of columns are presented in 

Figure 4. 

 

In nonlinear pushover analysis, the conventional load combinations used in linear analysis are 

not used to represent lateral loading procedure. In this method, the displacement demand of a 

structure is calculated by a monotonic incremental loading. This increase is seismic 

displacement demand should be proceeded until a reliable target displacement. Besides, the 

force distribution due to lateral earthquake load is taken into account in a compatible form of 

the fundamental first mode of the structure at every story level. In the last step of target 

displacement; the demand of the base shear force, top displacement, and story drifts are 

calculated to determine plastic deformations of each structural element. In pushover analysis, 

the initial conditions of superstructure are defined as a deformed model under the weight of 
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superstructure. To perform these initial conditions, a nonlinear load case is defined by using the 

weight of superstructure (G+nQ) and checked the plasticity of RC structure. The dead loads, 

live loads and participation factor for live loads are denoted by using symbol G, Q and n, 

respectively. The value of n is assumed as 0.3 for the buildings. The pushover analysis is only 

carried out in the “X” direction of structures and the results are compared by considering plastic 

deformations of RC structures in this direction. 
 

 
Figure 4. Axial force (P, kN)-moment (M, kNm) interaction surfaces 

 

2.2. Parametric study 

 

The EIeff of cracked sections is a very crucial parameter in nonlinear analyses. That parameter 

is defined as different values in different earthquake design codes. The aim of this study is to 

determine different EI of cracked sections considering earthquake code approaches. Moreover, 

values of EIeff are compared to the values obtained from Xtract program. In the study, the EI of 

cracked section are calculated by considering the values defined in TSDC 2007, Eurocade-8, 

and TBEC 2018 seismic codes. The cracked-section EI is defined as a constant value for frame 

beam and column elements in Eurocode-8. In TSDC 2007, the EIeff for a frame beam element 

is constant like others. For the column elements, this value must be calculated between 0.4-0.8 

of initial rigidity according to the axial load level of columns. The envelope value of axial force 

obtained from the mode superposition method is taken account into to determine EIeff value of 

TSDC 2007. The envelope axial loads are calculated by using the sufficient number of modes 

in which the participation ratio of mass is or above %95.  In Xtract program, the value of EIeff 

can be calculated by a step by step solution for all beam and column elements. In the section 

analyses any axial load level can be taken into account for all column sections. The moment-

curvature relationships are used when these values are calculated in Xtract. In every step of 

sectional analysis, the deformation of reinforcement, confined and unconfined concrete are 

controlled according to a limit deformation which is defined for failure mode of the material. 

In TBEC 2018, the design EIeff values used in a design of a new building are defined in section 

4 (Design Principles of Strength Based Design of The Structures under Earthquake Effect) and 

these values are constant for frame elements such as columns and beams. However, the 

performance EIeff values used in a seismic performance evaluation of an existing building are 
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calculated by using Eqs. 1 and 2. These equations are defined by performing the moment-

curvature analysis in section 5 (Assessment and Design Principles of Displacement Based 

Design of the Structures under Earthquake Effect). In Eq. 1, Ls, My and θy represent the shear 

span (can be assumed as the half of span), yield moment, and rotation respectively. The 

compressive strength of concrete and yield strength of reinforcements are defined by using fce 

and fye. In Eq. 2, ∅y, h and db indicate the yield curvature (obtained from moment-curvature 

analysis), height of the section and average diameter of tension reinforcement, respectively. 

The coefficient η is a constant value and should be accepted for a frame element such as column 

and beams as 1. Each EIeff value for Xtract and other earthquakes codes is given as a ratio of 

initial rigidity in Table 2.  

 

       EIeff= 
My 

θy
 

LS

3
      (1) 

θy= 
∅yLs

3
 + 0.015η (1+1.5 × 

h

Ls
) + 

∅ydbfye

8√fce
   (2) 

 

Table 2. Material and sectional properties of superstructure 

 

Name Initial EI 

(kNm2) 

EIeff of 

Eurocade-8 

EIeff of 

TSDC 

2007 

 Design EIeff 

of 

TBEC 2018 

Performance EIeff of 

TBEC 2018 

EIeff of 

Xtract 

C1 135000 0.5 0.48-0.62 0.7 0.06 0.33-0.35 

C2 23438 0.5 0.78 0.7 0.12 0.34 

C3 135000 0.5 0.74 0.7 0.06 0.36 

B1 78125 0.5 0.4 0.35 0.05 0.22 

B2 78125 0.5 0.4 0.35 0.06 0.32 

 

As it can be seen in the Table 2 that the performance approaches of TBEC 2018 are very 

conservative compared to the other values of EIeff. It can be said that an accurate performance 

assessment cannot be determined by using these performance EIeff values. Probably, the results 

of pushover analysis could be irrational compared to the other results. Therefore, in the study 

the design EIeff values of TBEC 2018 are used due to being a more realistic assumption than 

the performance EIeff values. These values are defined in structural models when pushover 

analyses are carried out in Sap2000. The nonlinear force-displacement relationship obtained 

from pushover curves, story displacements and drifts, plastic hinge rotation, and variation of 

first fundamental vibration mode of structure are selected as parameters to make a comparison 

between analysis results. 

 

3. Results 

 

3.1. Pushover curves 

 

In the study, the pushover curve is used to explain the relationship between base shear force 

and roof displacement in a nonlinear analysis. In numerical analysis, displacement and force 

demand of structures which are obtained from pushover curves are compared in Figure 5, 6 and 

7. Moreover pushover curves are also used to determine performance level of the each 

numerical model. In the analysis, four different EIeff ratio according to the initial EI obtained 

from different design codes, are used and compared using pushover analysis. Firstly, only the 

EIeff of beams are changed while the columns are considered as having a constant value of EI 

(initial value). Secondly, only the EIeff of columns are changed as the EIeff of beams are accepted 

as constant value (initial EI). In last part of the study, the calculated EIeff calculated from design 
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codes and obtained from Xtract are used for both beams and columns.  The results obtained 

from the analyses are compared in Figure 5, 6 and Figure 7.  

 

 

Figure 5. Pushover curves for model changed EI of only beams 

 

When the analysis results are compared, the nonlinear force and displacement demand increases 

when calculated EIeff obtained from Xtract is taken into account in the nonlinear analysis. 

Additionally, yield force and displacement change in different design code approaches. As it 

can be seen in the figures, the force and displacement demand of structural models using the 

EIeff of different design codes become approximately similar. However, these demands are 

conservative with respect to the results of the structural model using the EIeff of Xtract. 

Therefore, all the structural models reach to failure due to larger force and lesser displacement 

demand when the results of structural model using the EIeff of Xtract are compared. It can be 

said that the models of Xtract show more ductile behavior with respect to the other structural 

models considering force and displacement demand. 
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Figure 6. Pushover curves for model changed EI of only columns 

 

 

Figure 7. Pushover curves for model changed EI of both beam and columns  

 

3.2. Structural demands  

 

The results of pushover analyses are presented in Table 3. The difference in base shear, roof 

displacement, displacement ductility, and period of fundamental mode for different structural 

models are tabulated Table 3 considering different code approaches. Determination of target 

displacement values is the most crucial part of the nonlinear analysis. The plastic deformations 

of RC elements obtained from nonlinear analysis are calculated according to that target 

displacement values. These plastic deformations are used to determine the accurate nonlinear 

performance level of structures. Target displacements are calculated by means of measuring 

horizontal deflection value at the top of structures. The variations between structural models 

are shown for models whose EIeff is changed for beams, columns, both beam and columns 
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separately. As it is expected, the combined use of the effective bending stiffnesses of columns 

and beams leads to increase in the first free vibration period of the structures. Similarly, the 

displacement demand increases due to the use of EIeff for beams and columns together for each 

structural model. 
 

Table 3. Variation of structural demands 

 

Model Initial Eurocode-8 TSDC 2007 TBEC 2018 Xtract 

Beam Base Shear ( kN ) 1857 1890 1900 1910 1922 

Roof Disp. (m) 0.39 0.50 0.55 0.59 0.68 

Period T (s) 1.25 1.55 1.67 1.75 1.97 

Ductility 3.8 4.2 4.8 5.1 5.5 

Column Base Shear ( kN ) 1857 1743 1774 1798 1701 

Roof Disp. (m) 0.39 0.45 0.41 0.41 0.49 

Period T (s) 1.25 1.41 1.33 1.32 1.54 

Ductility 3.8 4.2 4.8 4.7 5.1 

Beam-Column Base Shear ( kN ) 1857 1773 1821 1849 1759 

Roof Disp. (m) 0.39 0.56 0.58 0.61 0.78 

Period T (s) 1.25 1.71 1.75 1.82 2.26 

Ductility 3.8 3.2 3.9 3.7 4.1 

 

Additionally, as the displacement demand increases, the displacement ductility decreases due 

to combined use of EIeff for beam and columns. As it can be seen in Table 3, the EIeff of columns 

is more effective on the dynamic characteristics and seismic demand of the structure with 

respect to the EIeff of beams. On the other hand, the first free vibration periods of the structural 

models using the performance EIeff of TBEC 2018 change between 4-6 s. Moreover, the 

displacement demand is found to be between 1-2 m. The level of displacement demand and first 

free vibration period prove that the use the performance EIeff of TBEC 2018 causes 

unreasonable analysis results for a multi-degree structural system. Therefore, the performance 

approach of EIeff in TBEC 2018 should be revised considering dynamic characteristics and 

structural demands. 
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3.3. Story drifts  

 

Story drift is calculated by dividing the difference between horizontal deflection of top and 

bottom of a story to the height of this story. The variations of story drifts and displacements are 

shown in Figure 8, 9 and 10. 

 

 
Figure 8. Story drifts for model changed EI of only beams  

 

 
Figure 9. Story drifts for model changed EI of only columns  

 

The story drift is one of the most direct parameters to make an assessment about the nonlinear 

performance level of a structure. In different earthquake design codes of different countries, 

some limitations are defined for story drifts while determining performance level of structures. 

The limitations of TSDC 2007 are used in this study and defined for immediate occupancy (IO), 

life safety (LS) and collapse prevention (CP) performance levels as 2%, 3% and 5% 

respectively. The difference in story drifts obtained from different structural models are 

calculated according to the story displacements. The difference in story drift ratios is more 

apparent when the EIeff values of beams are only used. The design code approaches are very 

similar to determine story drift ratios. Therefore, the displacement demand of each structure in 

which the EIeff of design codes are used, are approximately same. Additionally, the story drift 

ratios in the structural model using the EIeff of seismic codes are conservative when the results 

of structural model with the EIeff of Xtract are compared. According to the results of story drifts, 

it can be deduced that the structure can reach to the different performance level because of 
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application of the different EIeff assumptions. In addition, the EIeff obtained from the Xtract 

could be a more realistic to reach to the accurate performance of structures. Besides, as it can 

be seen in the Figs. 8, 9 and 10 that the most critical values of story drift ratios occur on the 

first three stories of the structures in which the first free vibration period is dominant. 
 

 
Figure 10. Story drifts for model changed EI of both beam and columns  

 

3.4. Plastic Hinge Mechanisms 

 

In earthquake design codes, column-beam connections are defined as one of the most crucial 

parts of a structure under seismic loads. To prevent brittle collapse, there are some special 

design rules for these connections. The strong column - weak beam analogy is generally 

proposed to be able to make a more ductile design for RC structures. In the study, analysis 

results showed that this analogy couldn’t be provided due to different approaches of design 

codes. Moreover, some new plastic hinge mechanism can be observed in a structural system 

according to the values of EIeff. By means of using different EIeff approaches, these plastic hinge 

rotations can increase when the results are compared. For instance, the differences in plastic 

hinge formation mechanisms are shown in Figure 11. As it can be seen in Figure 11, the 

structural models reach to the failure mechanism with a different number of plastic hinges. In 

addition, the plastic deformation levels of plastic hinges are different according to the use of 

the different EIeff. The color of pink is used to represent the yield deformation of structural 

elements. The color of blue, turquois and green represent the performance of immediate 

occupancy (IO), life safety (LS) and collapse prevention (CP), respectively. According to the 

results of pushover analysis, the number and distribution (%) of the plastic hinges are presented 

for beams and columns in Table 4. The number and distribution of plastic hinges are classified 

in accordance with the performance levels defined in the seismic design codes.  
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a) 

 

b) 

 

c) 

 

d) 

 

Figure 11. Plastic hinge formation a) Eurocode-8 b) TSDC 2007 c) TBEC 2018 d) Xtract 

 
Table 4. The plastic hinge distribution of beams and columns for each performance level  

  
Level of plastic 

hinge 

Beam Column Number of plastic 

hinge for failure of 

structure 
Number % Number % 

Eurocaode-8 Yield 2 4 2 4 48 

IO 7 15 4 8 

LS 4 8 0 0 

CP 25 52 4 8 

TSDC 2007 Yield 5 10 3 6 51 

IO 5 10 4 8 

LS 4 8 0 0 

CP 26 51 4 8 

TBEC 2018 Yield 4 7 7 13 55 

IO 6 11 4 7 

LS 3 5 0 0 

CP 27 49 4 7 

Xtract Yield 3 6 1 2 49 

IO 5 10 6 12 

LS 2 4 0 0 

CP 28 57 4 8 

 

When the results of plastic hinges are compared, the strong column-weak beam approach is 

achieved due to the fact that most of the plastic hinges are formed in the beams. The plastic 

deformation of columns using the EIeff of TSDC 2007 and TBEC 2018 are larger than the plastic 

deformations of other models. However, the number of plastic hinge mechanisms on beams is 

less than the other structural models in which different approaches are used. Therefore, the 

structural model using the EIeff of Xtract can be accepted as the most ductile model because it 

reaches to the largest displacement demand with the least number of plastic hinges. Besides, 

the behavior of structural model using the initial EI is approximately elastic and reaches to a 

failure mechanism with only two plastic hinges. 
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4. Conclusions  

 

In the study, the nonlinear behavior of reinforced concrete (RC) frames considering effect of 

effective bending rigidity under seismic loads is investigated. The cross-sectional effective 

bending rigidities (EIeff) of structural members are determined using different approaches of 

seismic codes (Eurocode-8, TSDC 2007 and TBEC 2018). Twelve incremental single mode 

pushover analyses are carried out using the different values of EIeff. The structural performance 

of RC frames with different stiffness is compared. Base reaction vs. force-top displacement 

demand, story drifts, plastic hinge mechanisms, periods, ductility, and roof displacements 

obtained from the analysis are selected as the comparison criteria. The effect of EI is seemed 

that different approaches of codes can cause a different assessment for same structures in 

nonlinear analysis. As the EIeff decreases due to the code assumptions, performance levels of 

structures changes in numerical models negatively. Moreover, the numerical model whose EIeff 

value calculated with Xtract program has more displacement capacity than other numerical 

models whose EIeff defined according to the relevant design codes. From the analysis results, 

the following conclusions can be deduced: 

 

1) When the pushover curves are compared, structural systems exhibit different displacement 

and force demands. The numerical model whose EI calculated with Xtract is less rigid than the 

other models. The most rigid model becomes the one EIeff is not considered. The models on 

which EIeff is considered only on beams or columns performed very similar behavior when the 

criteria of EuroCode-8, TSDC 2007, and TBEC 2018 are taken into account. On the other hand, 

those results remained between the results of initial EI and Xtract analysis. 

 

2) It is seemed that the roof displacement and the displacement demand become bigger as the 

rigidity of structure decreases. Besides, the greatest displacement demand occurs in a numerical 

model whose EIeff calculated with Xtract. This numerical model represents more ductile 

behavior than the others as well. While the minimum roof displacements were obtained from 

the models in which EIeff is disregarded, the results obtained from seismic code approaches 

stayed between that values.    

 

3) The story drifts can reach critical limit values with different assumptions of EIeff. The 

difference in story drifts between numerical models decreases at the top of structures. The 

critical difference generally occurs at the first three stories. The results of story drifts can be 

observed apparently when the EIeff of only beams are changed. 

 

4) When the effect of EIeff is taken account into in a nonlinear analysis, it is observed that some 

beam mechanism may change to column hinge mechanism for the numerical models. Plastic 

hinge rotations can reach high values with the increase in displacement demands. The 

differences between models are more apparent when the EIeff of columns and beams are 

changed concurrently. 

 

5) When the periods of the structural systems are evaluated, along with the decrease in EIeff 

values the periods increase dramatically due to decrease in rigidity of the system. As the 

maximum period was observed in the models on which EIeff values calculated by Xtract, the 

minimum value was obtained on the model EIeff was not considered. 

 

In the study, it is deduced that the structural performance of load bearing systems changes 

significantly according to use of different EIeff. The important variations are observed on 

periods, ductility, roof displacements, and base shears of the building as well. The relevant 
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seismic codes used in this study become generally conservative in this regard. However, the 

results obtained from TBEC 2018 seem meaningless since it gives very small EIeff values. 

Moreover, according to the analysis results, it is seen that EIeff values of columns have a more 

significant effect then beams on the system. Lastly, while calculating the EIeff values, the axil 

load on column members should be taken into account since it affects moment-curvature 

behavior of the sections significantly.  
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Abstract  

 
One of the natural disasters that hurts humankind is the flood. This disaster consists of climate 

change, geotechnical and topographic features in the region. Floods are usually influenced by the 

interaction of catchment-specific characteristics, such as meteorology, topography, geology and 

lately climate change. In addition, human activities increase flood risks. The most important causes 

of flood disasters in the world are uncontrolled urbanization activities and interventions in river beds 

near floodplains. Researchers have scientifically proven a sharp global increase in the economic risk 

associated with floods though flood-related fatalities might be decreasing. 

The study area is located on the downstream side of the Elmali Dam built on the Goksu Creek in 

Beykoz District of Istanbul Province. In this study, the flood risk maps for floods that will be formed 

in Goksu Creek on the downstream side in the various discharge of the Elmali Dam spillway are 

prepared by modeling with 2D DHI MIKE 21 FM software. MIKE 21 Flow Model is a modeling 

system for 2D free surface flows. Also, the regions exposed to floods, the magnitude and risks of 

floods that will occur were evaluated with different scenarios. There were 4 scenarios in the study. 

As a result of the scenarios, the regions on the downstream side of the Elmali Dam are classified in 

terms of flood risk. The areas at risk are shown as flood maps. In the downstream area, the relation 

between flood flow and its area is observed linearly. 

 

Key words: Flood, Risk analysis, Numerical model, MIKE 21. 

 

 

 

1. Introduction  

 

In Turkey and many countries, one of the major natural disasters which adversely affect their 

social and economic life such as people's life and property losses, is flood. Climatological-

meteorological and geological-geomorphological features, vegetation and humanitarian 

interventions are among the main factors of the flood. The most important causes of flood 

disasters in the world are uncontrolled urbanization activities near to flood regions and 

interventions in river beds. 

A deterministic approach is used by Mao et al. to calculate the hydraulic elements of the dam 

fracture. In addition, MIKE-21 dam breaking model is used to generate the hydraulic elements 

and generated hydraulic elements are integrated with a digital elevation model of the site 

downstream of the dam to map the possible affected areas. Simulation data and study results 
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can provide a socio-economic framework for downstream areas and a basis for emergency 

management of the dam reservoir [1]. 

The subject of dam flooding potential caused a prolonged flooding was considered by Diman 

& Tahir. Although floods are less likely to occur from dams, understanding the dam flood 

routing map can preserve the lives and property of downstream residents [2]. 

Dat et al. use a 1D and 2D model of MIKE FLOOD to simulate downstream flood of Tra Khuc-

Song Ve River basin, including the breakdown of the DakDrinh. The establishment of 

DakDrinh flood map shows flood areas and depth of its downstream. Results obtained by Dat 

et al., make it possible for managers to create preventable plans and provide information to 

reduce disasters in vulnerable areas in the event of failure [3]. 

Mohd Sidek et al used the Clear Day scenario and Probable Maximum Flood scenario for dam 

break modeling. Flood area, flood duration and maximum flood depth in the downstream are 

obtained by the Mike Flood model. This result will lead to the identification of the affected 

location or villages located at downstream of the Susu Dam [4]. 

Although there is a decrease in flooding that occurs as a result of an increase in dam, ponds and 

stream rehabilitation works in Turkey, according to DSI data, from 860 floods occurred in the 

last 40 years, 660 deaths and 799,758 hectares of agricultural land have exposed to flood. Thus, 

the annual damage that has been caused in Turkey's economy is about 150 million Turkish Lira 

[5]. 

The biggest reason for the losses caused by the floods in Turkey occurs as a result of settlements 

closing the stream bed. In this case, it will inevitably overflow from its narrowed bed due to the 

increase in the flow rate resulting from heavy rain, and flood the settlement in front of it to 

reach the sea [6]. 

In another study, the risks of flooding that may arise from the Havran dam were taken into 

account. Risk analysis was carried out according to the flood return period of streams, flood 

scenarios that will occur with dam overflow and possible dam destruction. As a result, losses 

based on dam scenarios were found more destructive than other flood scenarios [7]. 

Abdollahzadehmoradi et al have numerically determined the flood risk of the downstream area 

of Samsun Mert River. Analyses were carried out according to various flood peak flows and 

according to risk situations, 8 different scenarios were performed with MIKE 11 software. As 

a result, it was observed that the streambed posed a risk in the 1000-year flood period. Thus, it 

was estimated that there would be a water depth of 1m from the upper level of the stream [8]. 

In this study, the study area is located on the downstream of Elmali Dam on Goksu Stream in 

Beykoz District of Istanbul Province. In this study, the flood risk maps for floods that will be 

formed in Goksu Creek on the downstream side in various discharge of the Elmali Dam 

spillway are prepared by modeling with 2D DHI MIKE 21 FM software. As a result of various 

simulations, risk areas on the downstream side of the Elmali Dam were identified.  

 

2. The Study Area  

 

Figure 1 shows the study area, which is located in Istanbul province, Beykoz district, Goksu 

Stream. 
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Figure 1. Study area 

Flood risk analyses were made on the downstream side of the Elmali Dam. Elmali 2 Dam in 

1955 and Elmali 1 Dam in 1907 have been started to operate. Elmali 1 Dam is located in 

Bogazici, 3.3 km southeast of Anadoluhisari and 1.2 km downstream of Elmali 2 Dam (Figure 

2). 

 

 

Figure 2. Plan of dam locations 

The height of Elmali 1 Dam is 22 m from the foundation and its type is masonry. Type of Elmali 

2 Dam is a buttress dam and height from the foundation is 49 m. The total drainage area of both 

dams is 81.5 km2. The normal water levels of the Elmali 1 and Elmali 2 Dams are 32.40 m and 

67.50 m, respectively [9, 10, 11]. The images and plans of Elmali 1 and Elmali 2 Dams are 

shown in figures 3 and 4. 

 

 

  

(a)   (b) 

Figure 3. Images of dams (a) Elmali 1 (b) Elmali 2 

There are 3 spillways in Elmali 1 Dam, each of which is 3.75 m wide and at elevation of +31.00. 

In addition, there are 11 sliding spillways with a width of 4.30 m and a height of 2 m at the 

elevation of 29.00. Thus, Elmali 1 Dam has 14 spillways in total. The maximum flow capacity 

of the spillway is 540 m3/s [9]. 
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(a) 

 

(b) 

 

Figure 4. Plan images of dams (a) Elmali 1 (b) Elmali 2 

 

3. Simulation Setup and Methods  

 

In this study, the MIKE 21 FM numerical model based on the 2D Flexible Mesh approach, 

which is developed by the Danish Hydraulic Institute (DHI), was used as a hydrodynamic 

model. This model simulates the water level variations and flows velocities in response to a 

variety of forcing functions in a flood plain [12]. The model also includes continuity, 

momentum, temperature, salinity and density equations based on the numerical solution of two 

and three-dimensional Navier-Stokes equations with Boussinesq and hydrostatic pressure 

assumptions.  The two-dimensional mesh consists of triangular or rectangular elements [13]. 

MIKE 21 Flow Model is one of the best software developed for numerical modeling of 

oceanographic conditions, coastal areas, river and water resources simulation. This model 

simulates two-dimensional flow, by using bathymetry, meteorological, tidal changes and other 

hydrographic conditions. Equations below represent the time-dependent, non-linear equations 

of continuity and conservation of momentum that solved by this model (h=η+d): 
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where t is time, x and y  are spaces in cartesian coordinate system (m),  is water level variations 

(m), d is time-varying water depth (m), u is velocity component of x-direction (m/s), v is 

velocity component of y-direction (m/s), f=2Ωsinφ  is Coriolis parameter (Ω (s-1) is angular 

turnover, φ geographic latitude), g is the acceleration due to gravity (m/s2), w is the density of 

water, Sxx, Sxy, Syx ve Syy are radiation stress tensor component, Pa is atmospheric pressure 

(kg/m/s2) , 0 is reference specific mass of water, S point source discharge, us and vs velocity 

(m/s) , Tij viscous, parameter including turbulence friction factors and differential transport, 

(τsx, τsy) ve (τsx, τsy) x and y component of surface wind and floor friction stress, T temperature 

and S salinity [13].  

In equations1.1, 1.2 and 1.3,  depth average velocity and Tij values are calculated with the 

following equations: 
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The mesh used in the study area is shown in Figure 5. As can be seen in Figure 5, a triangular 

and rectangular calculation meshes are used to include all the buildings in the study area. The 

number of mesh elements is 32766. As the boundary conditions, the flow values shown in Table 

1 were used respectively, on the upstream (Output of the Elmali-1 Dam) for 60 minutes. Since 

the stream is poured into the sea (Bosporus), the seawater level value is accepted as zero. 

Simulated flood maps obtained the maximum depth of water at each node of the mesh. 

In this study, floods caused by the Elmali 1 Dam were investigated and risky areas were 

identified. The percentage of the maximum overflow discharge from the spillway of the dam 

was used in flood risk analysis. Flood risk maps for various scenarios were created with MIKE 

21 FM.  There were 4 scenarios for Goksu creek and the results of the scenarios are shown in 

Figures 10, 11, 12 and 13. Also in Figure 14, Figures 10, 11, 12 and 13 are shown as a unified 

map. 
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Figure 5. Implemented mesh in the study area 

In the first scenario, the flood map is created when 25% of the maximum capacity of the 

spillway is discharged. Then, flood maps consisting of 50%, 75% and 100% of the maximum 

capacity of the spillway were obtained. Spillway discharge and duration are given in Table 1. 

The maximum capacity of the spillway (Qmax) is 540 m3/s. In all scenarios, the effect of the 

buildings in the Goksu stream is also reflected in the models. Thus, the effect of urbanization 

on flood progression is also included in the model. The buildings are shown in Figure 5 in red 

color. 

Table 1. Flood scenarios 

Scenario 

No. 

The percentage of spillway 

discharge capacity  

Discharge capacity of 

spillway (m3/s) 

Discharge 

duration (min) 

1 %25 135 60 

2 %50 270 60 

3 %75 405 60 

4 %100 540 60 

Flood areas are classified according to 3 critical depths, 0.6, 1.0 and 3.5 m. The basis for the 

selection of critical depths is described as follows: In general, the height of schools and public 

buildings is 0.6 m from the ground. If the flood depth is more than 1.0 m, there is a possibility 

of loss of life. In addition, great damage is expected in agricultural production. The minimum 

height of sills for shelters and also for one-story buildings is usually 3.5 m. The classification 

of hazards according to the flood depth is given in Table 2 [14]. 

Table 2. Flood risk type 

Flood hazard 

No. 

Depth of flooding, 

d,  (m) 

Type of flood 

hazard  

H1 0.0<d<0.6 Low 

H2 0.6<d<1.0 Medium 

H3 1.0<d<3.5 High 

H4 3.5<d Extreme 

In the first scenario, the flood map that will occur in the downstream of the dam is presented in 

Figure 6 when 25% of the maximum capacity of the spillway discharged. In Figure 6, the impact 

of urbanization on the flood direction and residential areas exposed to the flood are clearly 

understood. Also, the depth of the water reaches up to 4 m in some parts of the middle part of 

the stream bed. Flood is spread more in the region where the stream connects to the sea, creating 

large-scale risky areas. Here, the depth of water has increased up to 1.2 m in residential areas. 
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If there is agricultural land where the stream is connected to the sea, it is expected that this land 

will be damaged in case of a possible flood. 

 

Figure 6. Flood risk map of the first scenario (0.25Qmax) 

As a result of the second scenario, at points 1, 2, 3 and 4 shown in Figure 7, the flood stream 

bed was spread more to the surrounding land. In Scenario 2, the depth of the water in the 

surrounding land was more than 1 m, and in the event of a flood, there is a possibility of a loss 

of life and property. At point 4, flood water depth reaches up to 3 m. 

 

Figure 7. Flood risk map of the second scenario (0.50Qmax) 

In the third scenario, flood flow is taken as 405 m3/s and this flow is equal to 75% of the 

maximum discharge capacity of the spillway. In this scenario, there is a 25% flow increase 

compared to the previous scenario. In Figure 8, when the MIKE 21 FM model is run with a 

flood flow of 405 m3/h, the areas at risk increased as expected. When we compare it with the 

previous scenario, it was observed that the water depth at point 1 reached up to 2 m, and as seen 

in Figure 8, most of the buildings were located in the risky area. According to the result obtained 

from this scenario, the most dangerous area is the region marked with 3, so that the water depth 

has increased up to 3 meters. Based on this result, this region has been determined as H3 

according to the risk category. 
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Figure 8. Flood risk map of the third scenario (0.75Qmax) 

Considering the most recent scenario (Figure 9) and the most hazardous situation, there is no 

obvious difference in the lower parts of the stream (towards the sea) with Scenario 3, and only 

a slight increase in the flood depth has occurred. Considering the results of scenario 4 and 3 in 

the upper areas of the stream (Output of dam), the flood was spread more to the surrounding 

area in scenario 4 and the facility areas at the output of the dam were completely submerged 

(point 5). 

 

Figure 9. Flood risk map of the fourth scenario (Qmax) 

Finally, Figure 10 shows the flood map of the four Scenarios. In this map, red, orange, yellow 

and green areas are maps obtained from scenarios 1, 2, 3 and 4, respectively, and show the areas 

exposed to flooding. In the first scenario, the area exposed to floods is 0.453 km2. In the event 

of a possible flood, the buildings in this area are urban areas that are always at risk and can be 

damaged.  
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Figure 10. Unified map of four scenarios' result 

The results of the second scenario are shown with orange and the area exposed to flood is 0.605 

km2. In this scenario, the maximum water depth created by the flood is 6 m. The areas of floods 

in the third (yellow) and fourth (green) scenarios are 0.732 km2 and 0.820 km2, respectively. 

 

4. Conclusions and Recommendations 

In this study, the floods that may occur in the Goksu stream originating from the operation of 

the spillway of the Elmali dam were investigated. In other words, the flood, which can occur in 

accordance with the operational plan of the spillway of the Elmali dam, has been investigated 

with a numerical model. In this study, 4 scenarios are taken into consideration. Thus, flood 

maps, formed by 25%, 50%, 75% and 100% of the maximum discharge capacity of the 

spillway, were obtained and risky areas were determined. 

Areas exposed to flooding are divided into three critical depths, 0.6, 1.0 and 3.5 m. These ranges 

are classified into 4 groups as 0-0.6 m depth low risk zone, 0.6-1.0 m depth medium risk zone, 

1.0-3.5 m depth high risk zone, and regions with more than 3.5m depth are extreme risk zone. 

In the First Scenario, the flood is spreading more frequently in the region where the stream is 

connected to the sea and constitutes high risky areas. If there are agricultural lands where the 

stream is connected to the sea, possible floods are expected to cause great damage to this land. 

In the second scenario, the flood streambed is spreading more to the surrounding land and in 

the event of a flood, there is a high probability of loss of life and property. 

In the Third Scenario, there is a 25% discharge flow increase compared to the previous scenario 

and the flood flow is taken as 405 m3/s. The most hazardous region of this scenario is point 3 

and is located in overly risky areas according to the flood risk type. When the last scenario with 

the third scenario are compared, it is seen that there is no significant difference in the flood area 

(towards the sea) in the downstream areas of the stream. In addition, in the upper areas of the 

creek (point 5 in figure 9), the areas exposed to flooding in Scenario 4, cover more land than 

scenario 3, and it is likely that the flood may affect dam facilities. In Figure 10, the regions 

where the four scenarios are exposed are shown in various colors. In this figure, red, orange, 

yellow and green areas are flood maps obtained from scenarios 1, 2, 3 and 4, respectively. 

Dams are important structures for flood control. Although floods are less likely to occur from 

dams, determination of the dam flood map can protect the lives and properties of downstream 

residents. In the study, hazardous areas exposed to flood were determined in the case of various 

discharge flows from the spillway of the Elmali 1 Dam. In addition, some suggestions have 

been made to reduce flood damages. Thus, it is important that the dam reservoir is emptied in 

a controlled manner when floods can occur. One of the preventions that has been taken in this 

direction is the controlled structuring of urbanization in risky areas and urbanization activities 
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should not be allowed in H2, H3 and H4 situations. In the current urbanization situation, by using 

high-tech communication devices, inhabitants should be informed about the immediate 

evacuation quickly. Another precaution during the flood that can be taken is to quickly 

discharge any obstacles that reduce the discharge capacity of the creek, for example, existing 

boats at the port of the sea. 
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