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Research Article 

Methods for multi-segment continuous cable analysis 

Abdullah Demir a,* , Uğur Polat b  

a Department of Civil Engineering, Abdullah Gül University, 38080 Kayseri, Türkiye 
b Department of Civil Engineering, Middle East Technical University, 06800 Ankara, Türkiye 

 

A B S T R A C T 

Cables are invaluable members for some applications of engineering. The specialty is 
due to its behavior under transverse loads. Having almost no rigidity in transverse 

direction makes cables different from other structural elements. In most applica-

tions, cables are assumed to be two force members. However, not only its weight but 

also its application with roller supports makes them different structural elements. 

Generally, cables are assembled as single-segmented cables (SSC) where they are 

fixed at their ends. However, in most of the SSC applications, cables have intermedi-

ate supports which can be rollers or sliders. These type of cable applications are 

called as multi-segment continuous cables (MSCC). In MSCC systems, the cable fixed 

at its ends and supported by a number of intermediate rollers. Total length of cable 
is constant, and the intermediate supports are assumed to be frictionless and station-

ary. In this problem, the critical issue is to find the distribution of the cable length 

among the segments in the final equilibrium state, so reactions at all supports can be 

found. Two methods are proposed for the segment length adjustment based on the 

stress continuity among the cable. These methods are named as direct stiffness 

method and tension distribution method (relaxation method). Results calculated 

from the proposed methods are verified by both the reference benchmark problems 

and commercial finite element program. 
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1. Introduction 

Cables are invaluable elements for structural systems 
such as guyed towers, cable-stayed bridges marine vehi-
cles, offshore structures, cable roofs, tensegrities, trans-
mission lines and pre-stressing works. Cables can be 
bended without any residual stress. This property makes 
them more nonlinear than other structural elements. Alt-
hough, the nonlinearity is both geometric and material, 
material nonlinearity is not considered (Judge et al. 2012; 
Prawoto and Mazlan 2012) in the scope of this research. 

Various single-segment cable (SSC) analysis methods 
have been proposed by researchers. These methods 
solve the continuous cable fixed at both ends. Some re-
searchers (Dischinger 1949; Ernst 1965) made some 
shape predictions for cable which is generalized in the 
research of Hajdin et al. (1998) and some made finite el-
ement calculations with iterative procedures which is pi-

oneered by Micholas and Brinstiel (1962) and Skop and 
O’Hara (1970). After increase of computational capabili-
ties in 1980’s, researchers have proposed methods for 
more accurate results. Peyrot and Goulois (1979) pro-
posed a finite element solution procedure for cable con-
sidering its catenary action. Polat (1981) applied New-
ton-Raphson method to the nonlinearity of cable prob-
lems. Fleming (1979) and Ren et al. (2008) proposed dif-
ferent finite element procedures to solve cable struc-
tures. Force density method was also used by Christou et 
al. (2014) for implementation of slack cables. Besides, 
author used (Dinçer and Demir 2020) Smoothed particle 
hydrodynamics (SPH), which is a meshless method, for 
analysis of single segment cable. 

Although there are many studies about SSC analysis, 
limited researches have made for multi-segment contin-
uous cables (MSCC). Some solution methods for cable 
systems having more than one segment were proposed 

tel:+90-312-210-2401
fax:+90-312-210-5401
mailto:abdullah.demir@agu.edu.tr
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https://orcid.org/0000-0002-6392-648X
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in the following studies. Aufaure (1993, 2000) defined a 
cable system having two segments. In that study, a cable 
was fixed at both ends and supported by one roller sup-
port. The cable was analyzed with a finite element 
method in which a specific element was defined. This fi-
nite element was the contact element of cable with roller 
support. Three nodes named as N1, N2, N3 were defined 
on this element in which N3 is the intermediate one. Po-
sition of N3 must be in between N1 and N2 and it is found 
by stress continuity through the cable. A similar method 
with sliding cable elements was proposed by Zhou et al. 
(2004). Ju and Choo (2005) are proposed a super ele-
ment approach. Although frictional effect between ca-
bles and pulleys was taken into consideration, cable was 
assumed to be a linear structural element in that study. 
McDonald and Peyrot (1988, 1990) studied on cables 
suspended in sheaves. They used a cable element based 
on a catenary relationship and defined a pulley element 
in their study. Besides, a dynamic relaxation formulation 
was given for tensegrity structures by Bel Hadj Ali et al. 
(2017). Element free Galerkin method was also used for 
solution of membranes strengthen by sliding cable in re-
search of Noguchi (2004) and Dehghan and Abbaszadeh 
(2016). 

In this study, a novel method is proposed for the solu-
tion of multi-segment continuous cable analysis. Solu-
tion of continuous cable is achieved by dividing the com-
plete cable system into segments. Each single-segment 
cable is solved by the method proposed by Polat (1981). 
This method is redefined for the sake of completeness of 
the research. Then, the direct stiffness and tension dis-
tribution method is defined (Demir 2011). Methods are 
verified by benchmark problems and commercial finite 
element solver (ANSYS). 
 

2. Methodology 

2.1. Single segment cable (SSC) analysis 

Cable fixed at one end is a determinant system and the 
second end of cable has a position for the corresponding 
reaction at the first end. Reaction at the first end is 
changed by some iteration techniques until the released 
end of cable is positioned at desired location, which is 
the second fixed support. A detailed formulation of SSC 
analysis for 2D and 3D can be seen in the studies of Polat 
(1981) and Demir (2011), respectively. 

 

Fig. 1. An SSC layout. 

In an SSC as illustrated in Fig. 1, position of an arbi-
trary node M can be defined as; 

𝑃⃗ (𝑙𝑢) = 𝑃⃗ 𝐴 − ∫
𝑅⃗ (𝑠)

𝑇(𝑠)

𝑙𝑢

0
[1 + 𝜀(𝑠)]𝑑𝑠 (1) 

where 𝑃⃗ 𝐴  is the position vector of A, 𝑙𝑢 is the cable length 
from A to M, 𝑅⃗ (𝑠) 𝑇(𝑠) and 𝜀(𝑠) are the reaction vector, 
tension and strain at s, respectively. 

The relation between change in position of node B, 
∆𝑃⃗ 𝐵 , and change in reaction at node A, ∆𝑅⃗ 𝐴 , can be ex-
pressed with the help of tangent stiffness matrix [𝑆]. 

∆𝑅⃗ 𝐴 = [𝑆]∆𝑃⃗ 𝐵  (2) 

From Equation (1) ∆𝑃⃗ 𝐵  is determined as; 

∆𝑃⃗ 𝐵 = −∫ {|
1+𝜀(𝑙𝑢)

𝑇(𝑙𝑢)
| ∆𝑅⃗ 𝐴 − |

1+(1−𝜐)𝜀(𝑙𝑢)

𝑇3(𝑙𝑢)
| [𝑅⃗ (𝑙𝑢) ∙ ∆𝑅⃗ 𝐴]𝑅⃗ (𝑙𝑢)}

𝐿𝑢
0

𝑑𝑙𝑢

 (3) 

where 𝜐 is Poissson’s ratio. 
In global coordinate directions, Eq. (3) can be ex-

pressed in Cartesian coordinate directions as; 

∆𝑃𝐵𝑋𝑖̂ = −∫ [𝐶1∆𝑅𝐴𝑋𝑖̂ − 𝐶2𝐶3𝐶4]
𝐿𝑢

0
𝑑𝑙𝑢  (4a) 

∆𝑃𝐵𝑌𝑗̂ = −∫ [𝐶1∆𝑅𝐴𝑌 𝑗̂ − 𝐶2𝐶3𝐶4]
𝐿𝑢

0
𝑑𝑙𝑢  (4b) 

∆𝑃𝐵𝑍𝑘̂ = −∫ [𝐶1∆𝑅𝐴𝑍𝑘̂ − 𝐶2𝐶3𝐶4]
𝐿𝑢

0
𝑑𝑙𝑢  (4c) 

where  

𝐶1 = [
1+𝜀(𝑙𝑢)

𝑇(𝑙𝑢)
] ,  

𝐶2 = [
1+(1−𝜐)𝜀(𝑙𝑢)

𝑇3(𝑙𝑢)
] , 

 
𝐶3 = [𝑅𝑋(𝑙𝑢)∆𝑅𝐴𝑋 + 𝑅𝑌(𝑙𝑢)∆𝑅𝐴𝑌 +𝑅𝑍(𝑙𝑢)∆𝑅𝐴𝑍] , and

 𝐶4 = [𝑅𝑋(𝑙𝑢)𝑖̂ + 𝑅𝑌(𝑙𝑢)𝑗̂ + 𝑅𝑍(𝑙𝑢)𝑘̂] . 

where ∆𝑃𝐵𝑋 , ∆𝑃𝐵𝑌  and ∆𝑃𝐵𝑍  are directional components of 
∆𝑃⃗ 𝐵  as for ∆𝑅⃗ 𝐴, 𝐿𝑢 is total unstressed length of cable, 𝑅𝑋(𝑙𝑢), 
𝑅𝑌(𝑙𝑢) and 𝑅𝑍(𝑙𝑢) are directional components of 𝑅⃗ (𝑙𝑢). 

Writing Eqs. (4a), (4b) and (4c) in the form of Eq. (2); 

{
∆𝑃𝐵𝑋
∆𝑃𝐵𝑌
∆𝑃𝐵𝑍

} = [𝑆]−1 {
∆𝑅𝐴𝑋
∆𝑅𝐴𝑌
∆𝑅𝐴𝑍

} (5) 

where 

[𝑆] =

[
 
 
 
 − ∫ [𝐶1 − 𝐶2𝑅𝑋

2(𝑙𝑢)]
𝐿𝑢
0

𝑑𝑙𝑢 −∫ [𝐶2𝑅𝑋(𝑙𝑢)𝑅𝑌(𝑙𝑢)]
𝐿𝑢
0

𝑑𝑙𝑢 −∫ [𝐶2𝑅𝑋(𝑙𝑢)𝑅𝑍(𝑙𝑢)]
𝐿𝑢
0

𝑑𝑙𝑢

−∫ [𝐶2𝑅𝑌(𝑙𝑢)𝑅𝑋(𝑙𝑢)]
𝐿𝑢
0

𝑑𝑙𝑢 −∫ [𝐶1 − 𝐶2𝑅𝑌
2(𝑙𝑢)]

𝐿𝑢
0

𝑑𝑙𝑢 −∫ [𝐶2𝑅𝑌(𝑙𝑢)𝑅𝑍(𝑙𝑢)]
𝐿𝑢
0

𝑑𝑙𝑢

−∫ [𝐶2𝑅𝑍(𝑙𝑢)𝑅𝑋(𝑙𝑢)]
𝐿𝑢
0

𝑑𝑙𝑢 −∫ [𝐶2𝑅𝑍(𝑙𝑢)𝑅𝑌(𝑙𝑢)]
𝐿𝑢
0

𝑑𝑙𝑢 −∫ [𝐶1 − 𝐶2𝑅𝑍
2(𝑙𝑢)]

𝐿𝑢
0

𝑑𝑙𝑢 ]
 
 
 
 

 

(6) 

An iterative solution of Eq. (5) gives the solution for 
SSC. Results of SSC are important because MSCC analysis 
is based on it, which means that obtaining correct SSC 
results will calibrate the MSCC analysis. This relation is 
more apparent in MSCC part. Two reference case (in part 
3) are used to validate the results of SSC. 
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2.2. Direct stiffness method (DSM) 

Multi-segment continuous cables are monolithic 
structural elements like continuous beams. In MSCC sys-
tem there are number of intermediate supports. These 
supports are stationary and frictionless. Thus, cable is 
free to slide over these intermediate supports. In addi-
tion to the assumption of zero friction, intermediate roll-
ers are assumed to be points. Thus, cable finds its station-

ary position by sliding on the roller supports i.e. changing 
length of cable at each segment. Direct stiffness method 
is developed by modeling this inherent sliding motion. 

Total cable length of a MSCC system is known. How-
ever, length of each segment is unknown. Therefore, so-
lution procedure of MSCC system starts with distribution 
of total cable length to each segment. In Fig. 2, an initial 
geometry of MSCC is given with defined unstressed seg-
ment lengths 𝑙𝑢

𝑖 , where 𝑖 is the segment number.

 
Fig. 2. Configuration of an MSCC system.

Summation of each unstressed cable length gives the 
total length of the continuous cable with 𝑛 segments. 

 

𝐿𝑢 = ∑ 𝑙𝑢
𝑖𝑛

𝑖=1  (7) 

Solution of each cable segment is performed by SSC 
procedure with its known cable length. SSC solution for 
each segment gives the forces at the ends of the seg-
ments. Wrong distribution of segmental lengths will lead 
to unbalanced forces on intermediate roller supports. 
The unbalanced forces at 𝑖𝑡ℎ  roller support ( 𝑖𝑡ℎ  roller 
support is the connection point of 𝑖𝑡ℎ  segment and 
(𝑖 + 1)𝑡ℎ segment) is shown in Eq. (8) as ∆𝑇𝑖 . 

∆𝑇𝑖 = |𝑅⃗ 𝐹
𝑖+1| − |𝑅⃗ 𝐿

𝑖 | (8) 

where 𝑅⃗ 𝐹
𝑖+1  and 𝑅⃗ 𝐿

𝑖  are shown in Hata! Başvuru kay-
nağı bulunamadı.. 

 

Fig. 3. FBD of a roller support of an MSCC system. 

Converging to balanced support reactions is possible 
only by correct prediction. If not, correction step is 
needed for segment lengths of cable. Assuming quasilin-
ear behavior of the system at the end of each predictive 
solution step, a relation between unstressed length ad-
justment ∆𝑙𝑢

𝑗
 and corresponding change in the unbal-

anced reactions ∆𝑇𝑖  can be set up; where 𝑖 and 𝑗 denotes 
the support number. The relation is expressed in matrix 
form as follows. 

{∆𝑇} = [𝐾] ∙ {∆𝑙𝑢} (9) 

where, ∆𝑇  is a (𝑛𝑥1)  vector composed of ∆𝑇𝑖 , ∆𝑙𝑢  is a  
(n x 1) vector composed of ∆𝑙𝑢

𝑗
, 𝐾 is a (n x n) coefficient 

matrix composed of 𝐾𝑖𝑗.  

Coefficient matrix can be regarded as a tangential 
stiffness matrix in which 

ijK  represents the change in 
unbalanced reaction, 𝛿𝑇𝑖, due to a change in unstressed 
length 𝛿𝑙𝑢

𝑗
 between cable segments 𝑗  and (𝑗 + 1) . The 

tangential stiffness matrix in Eq. (9) can be constructed 
column-by-column by adjusting the unstressed lengths 
of cable segments at support 𝑗 by a small amount 𝛿𝑙𝑗 and 
calculating the resulting changes in the unbalanced reac-
tions 𝛿𝑇𝑖 at all supports from the reanalysis of the SCC 
with the changed segment lengths. The 𝑗𝑡ℎ column of [𝐾] 
is obtained as. 

{
 
 

 
 
𝐾1
⋮
𝐾𝑖
⋮
𝐾𝑛}
 
 

 
 

=

{
  
 

  
 
𝛿𝑇1

𝛿𝑙𝑗
⁄

⋮
𝛿𝑇𝑖

𝛿𝑙𝑗
⁄

⋮
𝛿𝑇𝑛

𝛿𝑙𝑗⁄ }
  
 

  
 

 (10) 

The objective is to balance the reactions at supports 
which is the static equilibrium condition. This is possible 
by applying required length adjustment for each seg-
ment. Length adjustments are achieved by solving Eq. 
(9). If the cable behavior were linear, the length adjust-
ments {𝛿𝑙𝑢} would eliminate the unbalanced reactions at 
intermediate supports and bring the cable system into 
true equilibrium. However, iterations are needed for the 
final equilibrium due to nonlinear behavior of cable. 
Newton-Raphson method is implemented for this pre-
dictive/corrective algorithm to reach the final equilib-
rium state. 

2.3. Tension distribution method (TDM)  
(relaxation method) 

Tension distribution method is a special form of the 
direct stiffness method. Being inception of analysis, TDM 
is inspired from the moment distribution method which 
is commonly used for the analysis of continuous beams. 
Relaxation method is the byname of this method. This 
additional name is given due to relaxation procedure at 
supports while balancing the reactions of cables at sup-
ports. In this context, this method is similar to DSM. The 

 

 𝑖𝑡ℎ  

 𝑅  𝐿
𝑖  

 

 𝑅  𝐹
𝑖+1 
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basic difference is the way of relaxation. While segment 
lengths are incremented for the whole system in DSM, 
slip amount is determined for two adjacent segments in 
TDM. Therefore, in the corrective stage, an influence 
(stiffness) coefficient is calculated at a selected joint first 
by introducing a virtual adjustment at the joint. Thus, the 
actual amount of adjustment required to eliminate the 
unbalanced reaction at the joint is determined based on 
this information. A cyclic procedure is needed for TDM, 
because elimination of unbalanced reactions (relaxa-
tion) is made for one support. Therefore, iterative cyclic 
calculations are carried out until the unbalanced reac-
tions at the intermediate supports became negligibly 
small. 

It is expected that; application of anticipated length 
adjustment ∆𝑙𝑢

𝑖 , for 𝑖𝑡ℎ  roller support makes the tension 
difference ∆𝑇𝑖 , zero. Relation between ∆𝑙𝑢

𝑖  and ∆𝑇𝑖  is ex-
pressed in Eq. (11). 

∆𝑇𝑖 = 𝑘𝑖∆𝑙𝑢
𝑖  (11) 

The stiffness coefficient of the 𝑖𝑡ℎ  roller support 𝑘𝑖 , 
can be found by adjusting the unstressed lengths of ad-
jacent segments by applying a small amount 𝛿𝑙𝑢

𝑖  and cal-
culating the resulting changes in the unbalanced reac-
tions 𝛿𝑇𝑖 at that support as follows. 

𝑘𝑖 = 𝛿𝑇
𝑖

𝛿𝑙𝑢
𝑖⁄  (12) 

In correction step of calculations, length adjustments 
can be calculated by the known tension difference ∆𝑇𝑖  
and stiffness coefficient 𝑘𝑖  from Eq. (11). It is not ex-
pected that; unbalanced reactions on each roller support 
to be zero in a single cycle of correction step due to non-
linear behavior of cable. Therefore, Newton-Raphson it-
erations are used to handle that nonlinearity. 

In order to verify and prove the result of both meth-
ods, a benchmark cable system is created for MSCC sys-
tem to point out the effect of cable motion on rollers. 
 

3. Verification Cases 

3.1. Case 1 

Case 1 is a benchmark problem which is used by many 
researchers (Andreu et al. 2006; Jayaraman and 
Knudson 1962; Michalos and Birnstiel 1962; O’Brien and 
Francis 1964; Salehi et al. 2013; Thai and Kim 2011; 
Tibert 1999; Yang and Tsay 2007). A cable suspended by 
two fixed supports has its catenary shape as illustrated 
in Fig. 4. Initial properties of cable are given in Table 1. 
An external concentrated load is applied, and displace-
ments of this node is determined. Results are compara-
tively shown in Table 2. 

3.2. Case 2 

Another SSC was defined by Peyrot and Goulois 
(1979) and used by researchers (Salehi et al. 2013; Yang 
and Tsay 2007). In this case, one end of the cable is fixed 

at a fixed position (0 m, 90 m) and the other end is moved 
starting from (0 m, 30 m) to (100 m, 30 m) as seen in Fig. 
5. Initial properties of problem are given in Table 3. Re-
actions at the second end of the cable is compared as 
seen in Table 4. 

 

Fig. 4. SSC under concentrated load. 

Table 1. Initial properties of Case 1. 

Item Data 

Cable self-weight 46.12 N/m 

Cross-sectional area 548.4 mm2 

Elastic modulus 131 kN/mm2 

Sag under self-weight at load point 29.262 m 

Unstressed cable length 1-2 125.88 m 

Unstressed cable length 2-3 186.85 m 

Table 2. Comparison of results of Case 1. 

Researcher 
Vertical  

displacement 
(m) 

Horizontal  
displacement 

(m) 

Michalos and Birnstiel (1962) -5.472 -0.845 

Jayaraman and Knudson (1962) -5.626 -0.859 

Yang and Tsay (2007) -5.625 -0.859 

Thai and Kim (2011) -5.626 -0.859 

Andreu et al. (2006) -5.626 -0.860 

O’Brien and Francis (1964) -5.627 -0.860 

Tibert (1999) -5.626 -0.859 

Salehi et al. (2013) -5.592 -0.855 

SSC Solution -5.626 -0.859 

 

Fig. 5. SSC configuration of Case 2. 
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Table 3. Initial properties of Case 2. 

Item Data 

Unstressed cable length 100 m 

Cross-sectional area 1 m2 

Cable self-weight 1 N/m 

Elastic modulus 3.0e7 N/mm2 

Thermal expansion coefficient 0.65e-5 1/°K 

Thermal change 100°K 

 

3.3. Case 3 

In order to configure a multi segment continuous ca-
ble, a continuous cable is fixed at its ends ((0,0) and 
(300,0)) and supported by two rollers ((100,0) and 
(200,0)). All supports are positioned at the same eleva- 
 

tion to point out the load effect on change in segmental 
lengths. Total cable length is selected longer than the to-
tal direct distance between supports, hereby a slack ca-
ble is achieved. Initially, the cable is loaded under its self-
weight and a distributed load which is the ten times unit 
cable weight. This distributed load is applied on mid one 
fifth portion of whole cable. Initial properties of system 
are given in Table 5 and initial equilibrium state under 
self-weight and external distributed load is given in Fig. 6. 

In this state, cable is almost linear at the first and the 
third segment. Theoretically, cable lengths at these seg-
ments should be equal due to symmetry. Taking maxi-
mum error as 0.1 mm and 0.1 N, cable lengths for each 
segment are given for finite element numbers in Fig. 7. 
As seen, almost same cable lengths are achieved for a 
small number of elements. In addition, maximum dis-
placements at the midpoint of mid-segment are given for 
increasing number of elements in Fig. 8.

Table 4. The reactions at the second end of the cable. 

Researchers Peyrot and Goulois (1979) Yang and Tsay (2007) Salehi et al. (2013) SSC Solution 

Reactions x y x y x y x y 

R1 0.00 20.02 0.01 20.02 0.01 19.99 0.0 20.02 

R2 3.061 19.93 3.061 19.93 3.090 19.83 3.061 19.942 

R3 9.172 19.24 9.172 19.24 9.16 19.14 9.172 19.252 

R4 22.15 15.73 22.15 15.73 22.11 15.63 22.146 15.744 

R5 504.0 -328 504.1 -328.9 504.48 -329.4 504.102 -328.859 

R6 4.17e6 2.511e6 42.56e6 -25.53e6 42.56e6 -25.55e6 42.58e6 -25.55e6 

Table 5. Initial properties of Case 3. 

Item Data 

Total unstressed cable length 315 m 

Cross-sectional area 7.854e-5 m2 

Cable self-weight 6.0482 N/m 

External load 60.482 N/m 

Elastic modulus 200e9 N/m2 

Thermal expansion coefficient 1.2e-5 1/C 

 

Fig. 6. Initial equilibrium state of Case 3. 

In this state, cable is almost linear at the first and the 
third segment. Theoretically, cable lengths at these seg-
ments should be equal due to symmetry. Taking maxi-
mum error as 0.1 mm and 0.1 N, cable lengths for each 
segment are given for finite element numbers in Fig. 7. 
As seen, almost same cable lengths are achieved for a 
small number of elements. In addition, maximum dis-
placements at the midpoint of mid-segment are given for 
increasing number of elements in Fig. 8. 

Additional point loads are applied to see the changes in 
cable lengths of segments and the displacement of mid-
segment. These point loads are applied to left segment 
and right segment. Amounts of point loads are 5080.488 
N and 2540.488 N, respectively. Locations of forces on ca-
ble are specified as cable length which are 63 m and 252 
m measured from left support of MSCC system. Final con-
figuration of MSCC is given in Fig. 9 for 3000 finite ele-
ments and predefined precisions. Changes on MSCC sys-
tem solved by TDM, DSM and ANSYS (a commercial com-
puter program) are given in Tables 6-8, respectively. So-
lution times does not exceed a several minutes via a stand-
ard laptop computer. Solution time depends on mostly the 
cable slackness which decreases its stability. In ANSYS 
analysis, LINK10 element is used to model the cable. Be-
sides, CONTA175 and TARGE169 elements are used for 
modelling of contact between the roller and the cable. 

Table 6. Coordinates of nodes having maximum  
vertical displacement solved by TDM. 

Segments 
Initial state Final state 

X (m) Y (m) X (m) Y (m) 

Left segment 50 -2.0640 59.0275 -22.2794 

Mid-segment 149.8866 -25.8670 148.6932 -11.5097 

Right segment 250 -2.0798 237.8608 -10.4961 
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Table 7. Coordinates of nodes having maximum  
vertical displacement solved by DSM. 

Segments 
Initial state Final state 

X (m) Y (m) X (m) Y (m) 

Left segment 50 -2.0723 59.0277 -22.2806 

Mid-segment 149.8866 -25.8670 148.6931 -11.5098 

Right segment 250 -2.0798 237.8608 -10.4961 

Table 8. Coordinates of nodes having maximum  
vertical displacement solved by ANSYS. 

Segments 
Initial state Final state 

X (m) Y (m) X (m) Y (m) 

Left segment 50 -2.0712 58.9193 -22.2874 

Mid-segment 149.9024 -25.9248 148.6820 -11.5099 

Right segment 250 -2.0768 237.7980 -10.4932 

 

Fig. 7. Segment cable lengths vs. number of finite elements. 

 

Fig. 8. Maximum displacement vs. number of finite elements.

 

Fig. 9. Final equilibrium state of Case 3. 

4. Conclusions 

Multi-segment continuous cable (MSCC) has different 
behavior from single segment cable (SSC). A cable having 
constant length is fixed at its ends in SSC systems. In con-
trast, a cable having constant length is fixed at ends and 
supported by stationary and frictionless roller supports 

between ends in MSCC systems. Therefore, cable length 
of each segment is not constant for MSCC; it can change 
by the change of loading conditions as seen in the verifi-
cation cases. This length change will change the resultant 
forces on cable and supports. 

In this study, a novel solution approach is proposed 
for MSCC systems. Two methods are proposed; direct 
stiffness method (DSM) and tension distribution method 
(TDM) (relaxation method). DSM is imitated from the in-
herent motion of cable on roller supports and based on 
the stress continuity on the continuous cable. TDM is in-
spired from the moment distribution method, which has 
been used for continuous beam solutions.  
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DSM calculates length adjustment for the entire sys-
tem consisting all segments which yields stress continu-
ity through the cable. Length adjustments are calculated 
and applied for all roller supports. Nevertheless, stress 
continuity does not yield in one calculation phase. TDM 
calculates the length adjustment for two adjacent seg-
ments. Length adjustments are calculated and applied 
for each roller support, thus one cycle of calculations is 
fulfilled. Nevertheless, stress continuity does not yield in 
one cycle due to nonlinear behavior of cable. Newton-
Raphson technique is used for both methods to over-
come the nonlinearity. 

Although DSM and TDM run in a similar manner, there 
are some differences. Those differences are due to the 
behavior of methods. DSM considers the circumstances 
on each segment while calculating the segment length 
adjustments. In contrast, TDM adjust two adjacent seg-
ment lengths by assuming other segments ineffective. 
Thus, those behaviors of methods give some advantages 
and disadvantages which are mainly related with the 
computational cost of the methods. DSM loses its effec-
tiveness and speed for cable systems having many seg-
ments. In contrast, speed (not solution time) of TDM 
does not depend on the number of roller supports. Con-
sequently, selection of method should be made accord-
ingly, which will affect the solution time. Nevertheless, 
verification results show that both methods are effective 
and accurate methods for MSCC systems. 
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A B S T R A C T 

Thousands of people die and billions of dollars of financial loss occur every year in 
Turkey and the world due to natural disasters. Although many reports and regula-

tions have been prepared to eliminate the negative situations caused by natural dis-

asters, changing climate conditions, technological advances and social habits require 

these measures to be developed, renewed, and made sustainable over time. In this 

context, creating a data pool to prevent the loss of life and property caused by disas-

ters and performing the necessary studies becomes even more important. In addition 
to disaster-related information, this data pool should include physical and geo-

graphic information such as the distances of people's communal living areas to the 

administrative centers, the population in these living areas, and transportation facil-

ities. In this study, a disaster and emergency profile for Turkey has been tried to be 

presented. For this, the distances of all settlements to the districts and provincial cen-

ters they are connected to, the transportation times and speeds of these centers, the 

altitudes of the settlements, earthquake zone numbers, earthquake hazard map pa-

rameters, populations, and areas were compiled or calculated. The evaluation was 

made separately according to the districts and provinces, taking into account the de-

termined limits. Based on the profile reached at the end of the study, suggestions 

were developed for planning and projects for disasters and emergencies. 
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1. Introduction 

Important legal regulations and very expensive 
measures have been implemented since the early 2000s 
to reduce the effects of disasters and emergencies in Tur-
key (Tüney 2015). However, the desired result has not 
been reached yet. Despite measures being taken in dis-
asters originating from geological, climatic, biological, 
technological, and social reasons, negative consequences 
continue to be encountered (President's Annual Pro-
gram 2020). For this reason, it is aimed to obtain data 
including the whole country that will contribute to 
achieving the intended results. 

Turkey is located in a geography that is affected by 
some of the sources of disaster and emergencies around 
the world less, and also some of them more (AFAD 
2014). By combining the definitions given by Şahin 

(2013), Ergüney (2007), Özşahin (2013), Akıncı et al. 
(2010), Altun (2018), and Birinci and Yılmaz (2020), a 
comprehensive definition of disaster can be given as 
"Unavoidable, natural or human-induced, mass injury, 
and mass death, major loss of property or environmental 
damage". Disaster sources (and subgroup numbers) can 
be categorized into 4 main groups and 24 subgroups 
such as biological (4 subgroups including epidemic dis-
ease, insect invasion, animal invasion, and erosion), 
earthquake and water events (6 subgroups including 
earthquake, volcanic eruption, dry mass movement, 
crashes from space to earth, flood-flood and including 
wet mass movement), atmospheric and climatic events 
(7 subgroups including storm, rainfall, lightning strike, 
extreme cold, extreme heat, drought, and fire) and hu-
man-related incidents (7 subgroups including mining ac-
cidents, gun accidents, transportation accidents, fire, 
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war, terror, and mass migration). For an incident to be 
considered a disaster”, there should consider some de-
termining limit values such as at least 10 dead or 50 in-
jured, become at least 100 people affected, effective in 
general life, historical value, and at least 20 hectares of 
burned area in case of a forest fire. No such preliminary 
assessment isn’t made for an "emergency”. 

7628 people died in natural disasters and 411 million 
people were affected by disasters only in 2016 (Gökçe et 
al. 2008; Ersoy et al. 2017). The five major disasters and 
deaths that caused the most casualties in 2017 were in 
South Asia (flood) 2700, Iran and Mexico (earthquake) 
999, Sierra Leone (landslide) 500, and Colombia (flood + 
landslide) 329, with a total death toll of 4498. (Erhan et 
al. 2018). 

Considering all disasters in Turkey, it is seen that nat-
ural disasters have a distinct impact. In approximately 
100 years after the beginning of the 20th century, in nat-
ural disasters such as earthquakes, landslides, floods, 
rock falls, and avalanches, 87000 people died, 210000 
people were injured and 650654 buildings were de-
stroyed or severely damaged (Ergüney 2007), in approx-
imately 10 years after 1990, 19964 people died, 55802 
people were injured, 1078200 people were left home-
less, 19494300 people were affected by disasters, and an 
economic loss of 17.46 billion US dollars (average 1.74 
billion $/year) are recorded (JICA 2004). On the other 
hand, Keleş (2002) gives the number of people who lost 
their lives as a result of natural disasters in Turkey be-
tween the years 1930-2020 as 100000 and the number 
of damaged houses as 600000. If the Elazig-Malatya 
earthquake (6.8 magnitudes, 41 dead), Izmir-Samos 
earthquake (6.6 magnitudes, 117 dead), and Van-Bahçe-
saray avalanche fall (42 dead) are added to these, the im-
portance that should be given to disasters and emergen-
cies in Turkey emerges. In the avalanche incident in Van, 
5 of the 7 first people who were under the avalanche 
died. In the comprehensive intervention to save the re-
maining 2 people, when there is an avalanche blasted 
again, 35 more people from the rescue team died. The 
absence of any means of communication at the scene in-
creased the death toll. 

Considering the case studies in the form of very short 
notes presented above in the world and Turkey, it is un-
derstood that more comprehensive studies and a data 
repository are needed to develop extensive planning and 
applicable projects for disasters and emergencies. Expe-
rience has shown that 75% of survivors survive when 
rescue and debris removal efforts are initiated 30 
minutes after the disaster (Dedeoğlu 2017; Erkal and 
Değerliyurt 2013), 95% of the cases in the centers in the 
first 10 minutes, 97% of the rural cases are reached 
within 30 minutes. Although the 20-30 minutes access 
time is considered reasonable for disasters, it should be 
taken into account that this time is too long in emergen-
cies. Today there are many polymer-based materials in 
workplaces and vehicle manufacturing. In environments 
with polymer-based materials, the spread of the fire to 
the whole environment takes place in the order of 2-3 
minutes. Therefore, it should be aimed to reduce the re-
sponse time to emergencies due to burning in work-
places and vehicles to much less than 10 minutes.  

For this purpose, in this study, a disaster and emer-
gency profile have been tried to be created from the data 
prepared by taking the current situation in Turkey into 
consideration to be used in disaster and emergency 
preparation studies. It has been tried to determine how 
it will be possible to respond quickly in disaster and 
emergency situations with sufficient trained and 
equipped core teams. It has developed suggestions about 
efforts to obtain results that would minimize access time. 
 

2. Methodology  

Turkey is between 26-45 East and 36-42 North lati-
tudes. In Turkey, there are 81 provinces (30 metropoli-
tan cities, 51 cities), 828.88 districts belonging to these 
cities, metropolitan cities, and 50305 neighborhoods or 
villages belonging to these metropolitan cities, cities, and 
districts. At the beginning of 2021 (31 December 2020-
01 January 2021), its population is 83614362 (TÜİK 
2021) and its acreage is 780040 km2. All compiled or 
calculated data were collected in 43 columns and 50305 
rows. The transportation speed values of the settlements 
to the districts and provincial centers to which they are 
connected were calculated simply from the distance and 
time information (speed = road/time). Approximate 
area values of the neighborhoods and villages were cal-
culated by dividing the district area by the number of set-
tlements and assuming equal (this data is not available 
collectively in any institution). Population density is ap-
proximately calculated from population and area infor-
mation (density = population/area). Area values of dis-
tricts and provinces were taken directly (HGM 2021), 
and population densities were calculated. 

The earthquake hazard map parameters are approxi-
mately determined by using fuzzy logic according to the 
latitudes and longitudes of the settlements from the pub-
lished parameters (AFAD 2018), which are not related to 
residential areas, calculated with equal spacing and 
equal increment. Parameters in the project design are 
determined according to the coordinates of the land 
where the building will be built. Published or calculated 
values are not available as project data. The approximate 
values calculated here belong to a coordinate belonging 
to the center of the settlements and were determined 
only for evaluation in the analysis of the data. Very few 
were calculated as R>0.85, and most were calculated as 
close to R>0.95 and were used. Considering the geo-
graphical features, meteorological characteristics, alti-
tudes, and earthquake risks of the settlements, "similar 
regions" were determined (this is zoning specific to the 
study). Similar regions were specially designed for this 
study according to the color intensity from the earth-
quake hazard map, with latitude and longitude being in-
tegers. Similar regions are given in Fig. 1(a) and "geo-
graphical regions" are given in Fig. 1(b).  

Since the “Earthquake Hazard Map” used in Turkey 
before 2018 is in many publications and official docu-
ments, Fig. 2(a) shows the “Earthquake Hazard Map (Pa-
rameters)”, then it was developed using more advanced 
methods after 2018 and started to be used since 2020 
shown in Fig. 2(b). Selected settlements (province, dis-
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trict, town, neighborhood, and village) in the same geog-
raphy are shown in Fig. 2(c) to make a comparison for 
the parameters to be used in the design phase with both 

maps. The locations, earthquake zone numbers, and 
earthquake hazard map parameters of the settlements 
selected for comparison are given in Table 1.

        
     (a)                (b) 

Fig. 1. Similar and geographical regions: a) Similar regions (8 pieces); b) Geographical regions (7 pieces). 

 
(a) 

 
(c) 

 
(b) 

Fig. 2. Earthquake map before and after 2018 in Turkey: a) Turkey earthquake zones map (Özmen, 2012);  
b) Turkey earthquake hazard map (AFAD, 2018); c) Compared geography.

Spectral acceleration SS - 475 was chosen since the de-
sign is thought to be based on a design spectrum, 10% 
probability of being exceeded in 50 years. ZC was chosen 
as an average soil class from the old earthquake code to 
include soil properties. In the new earthquake regula-
tion, SDS=SS*FS=SSx1.3 was used, taking into account the 
30% magnification factor in which SDS and FS refer to the 
spectral acceleration coefficient and soil effect coeffi-
cient, respectively. In order to be able to make a compar-
ison along the entire line (Fig. 2(c)), by considering I=1 
for the formula A(T)= A0*I*S(T) in DBYBHY (2007), 
S(T)=2.5 is taken from the acceleration spectrum curve 
for the earthquake with 10% probability of being ex-
ceeded in 50 years and acceleration spectrum coeffi-
cients were determined as A0*2.5 (Table 1). The compar-
ison of the obtained design earthquake parameters is 
given in Fig. 3, the longitudinal section of the line with 

the compared settlements, and the map views corre-
sponding to this longitudinal section in both old (before 
2018) and new (after 2018) earthquake hazard maps are 
given in Fig. 4. While the earthquake zones between 
Delice and Ortaköy (the area in the east and north-east 
of Salina) on the line examined change as 2, 1, 3 in the 
old earthquake zones map, they are seen as low, me-
dium, and low risk in the new earthquake hazard map 
(Fig. 2(a-b)). 

 

3. Application and Results 

After the compiled or calculated values of each settle-
ment are placed in the table, they are determined sepa-
rately according to the districts and provinces, according 
to each option of distance, transportation time, and 



58 Birinci / Challenge Journal of Structural Mechanics 9 (2) (2023) 55–67  

 

transportation speed, according to the number of earth-
quake zones (EQ+) and without taking into account 
earthquake zones (EQ-), the number of settlements in 
Turkey in general, similar regions and geographical re-
gions corresponding to the limit values, living popula-
tion, and settlement areas are calculated on the tables. 
Calculation steps and distance, time, speed, altitude, and 
earthquake zone range values are shown in Fig. 5, and 
the interval values determined for the earthquake haz-
ard map parameters are given in Table 2. 

The number of settlements, areas, and populations of 
similar regions, geographical regions, and settlements, 

which are calculated for Turkey in general, are given in 
Tables 3 and 4. 

Turkey’s average values of all data; according to the 
district center; distance: 17.79 km, transportation time: 
23.94 minutes, transportation speed: 42.04 km/h, de-
pending on the city center; distance: 64.15 km, travel 
time: 62.85 minutes, travel speed: 57.78 km/h are found. 
The average altitude of settlements is 828.88 m. In prac-
tice, it is thought that it would be more appropriate to 
use distances as planning data rather than transporta-
tion speed and times to city and district centers because 
the actual values differ.

Table 1. Comparison of old and new earthquake data. 

Settlement unit 
(city, district, neighborhood/village) 

Intermediate  
distance (km) 

Distance to 
start (km) 

Earthquake 
zone number 

Old regulation, 
A0*S(T)= A0*2.5 

New regulation, 
SS-475*1.3 

Latitude Longitude 

İNEBOLU/ KASTAMONU 0 0 4 0.25 0.507 41.978799 33.759147 

KÜRE/KASTAMONU 23 23 3 0.50 0.562 41.804781 33.712784 

DOĞUÖRCÜNLER/DEVREKANİ/KASTAMONU 28 51 3 0.50 0.607 41.673763 33.943993 

TAŞKÖPRÜ/KASTAMONU 28 79 2 0.75 0.562 41.804781 33.712784 

ABAY/TAŞKÖPRÜ/ KASTAMONU 23 102 2 0.75 0.809 41.438261 33.987094 

KASTAMONU 24 126 1 1.00 0.904 41.367804 33.769450 

İHSANGAZİ/KASTAMONU 30 156 1 1.00 1.278 41.203793 33.554760 

ILGAZ/ÇANKIRI 32 188 1 1.00 1.936 40.925326 33.627021 

ÇANKIRI 38 226 1 1.00 0.907 40.595661 33.613251 

ŞABANÖZÜ/ÇANKIRI 33 259 2 0.75 0.879 40.473757 33.278431 

ÇANDIR/KALECİK/ANKARA 32 291 3 0.50 0.796 40.257377 33.467243 

SULAKYURT/KIRIKKALE 28 319 3 0.50 0.581 40.157698 33.717195 

DELİCE/KIRIKKALE 38 357 2 0.75 0.623 39.943350 34.032498 

OCAKBAŞI/DELİCE/KIRIKKALE 23 380 2 0.75 0.572 39.750543 33.995350 

BOZTEPE/KIRŞEHİR 24 404 1 1.00 0.268 39.270311 34.265943 

KAMAN/KIRŞEHİR 32 436 1 1.00 0.511 39.358468 33.723322 

İBRİŞİM/KAMAN/KIRŞEHİR 23 459 1 1.00 0.350 39.175461 33.820492 

SARIYAHŞİ/AKSARAY 30 489 2 0.75 0.317 38.979569 33.836312 

ORTAKÖY/AKSARAY 32 521 3 0.50 0.285 38.736610 34.039259 

KIZILKAYA/GÜLŞEHİR/ NEVŞEHİR 38 559 3 0.50 0.242 38.698141 34.420738 

NEVŞEHİR 28 587 4 0.25 0.270 38.625088 34.719940 

TOPAÇ/ACIGÖL/NEVŞEHİR 23 610 4 0.25 0.273 38.473841 34.558962 

GÜZELYURT/AKSARAY 35 645 5 0.00 0.354 38.276798 34.369992 

TOTAL 645       

Note: The values A0 are corresponding to the DBYBHY, Table 2.4 (2007)

Table 2. Specified ranges for earthquake hazard map parameters (TBDY 2018). 

* PGA 2475 PGA 475 PGA 72 PGA 43 SS - 2475 SS - 475 SS - 72 SS - 43 

1 PGA>1 PGA>0.75 PGA>0.3 PGA>1 SS>3 SS >1.8 SS>0.75 SS>0.4 

2 0.75<PGA≤1 0.5<PGA≤0.75 0.225<PGA≤0.3 0.75<PGA≤1 2.25<SS≤3 1.35<SS≤1.8 0.5<SS≤0.75 0.3<SS≤0.4 

3 0.5<PGA≤0.75 0.25<PGA≤0.5 0.15<PGA≤0.225 0.5<PGA≤0.75 1.5<SS≤2.25 0.9<SS≤1.35 0.25<SS≤0.5 0.2<SS≤0.3 

4 0.25<PGA≤0.50 0.125<PGA≤0.25 0.075<PGA≤0.150 0.25<PGA≤0.50 0.75<SS≤1.50 0.45<SS≤0.9 0.125<SS≤0.25 0.1<SS≤0.2 

5 PGA≤0.25 PGA≤0.125 PGA≤0.075 PGA≤0.25 SS≤0.75 SS≤0.45 SS≤0.125 SS≤0.1 

* S1 - 2475 S1 - 475 S1 - 72 S1 - 43 PGV 43 PGV 72 PGV 475 PGV 2475 

1 S1>0.8 S1>0.4 S1>0.19 S1>0.1 PGV>10 PGV>18 PGV>60 PGV>100 

2 0.6<S1≤0.8 0.3<S1≤0.4 0.135<S1≤0.18 0.075<S1≤0.1 7.5<PGV≤10 13.5<PGV≤18 45<PGV≤60 75<PGV≤100 

3 0.4<S1≤0.6 0.2<S1≤0.3 0.09<S1≤0.135 0.05<S1≤0.075 5<PGV≤7.5 9<PGV≤13.5 30<PGV≤45 50<PGV≤75 

4 0.2<S1≤0.4 0.1<S1≤0.2 0.045<S1≤0.09 0.025<S1≤0.05 2.5<PGV≤5 4.5<PGV≤9 15<PGV≤30 25<PGV≤50 

5 S1≤0.2 S1≤0.1 S1≤0.045 S1≤0.025 PGV≤2.5 PGV≤4.5 PGV15 PGV≤25 

*Sequence, earthquake zone number 
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Fig. 3. Comparison of earthquake data before and after 2018 in Turkey. 
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Fig. 4. Settlements longitudinal section and their situations in the old and new earthquake map. 

Table 2. Specified ranges for earthquake hazard map parameters (TBDY 2018). 

* PGA 2475 PGA 475 PGA 72 PGA 43 SS - 2475 SS - 475 SS - 72 SS - 43 

1 PGA>1 PGA>0.75 PGA>0.3 PGA>1 SS>3 SS >1.8 SS>0.75 SS>0.4 

2 0.75<PGA≤1 0.5<PGA≤0.75 0.225<PGA≤0.3 0.75<PGA≤1 2.25<SS≤3 1.35<SS≤1.8 0.5<SS≤0.75 0.3<SS≤0.4 

3 0.5<PGA≤0.75 0.25<PGA≤0.5 0.15<PGA≤0.225 0.5<PGA≤0.75 1.5<SS≤2.25 0.9<SS≤1.35 0.25<SS≤0.5 0.2<SS≤0.3 

4 0.25<PGA≤0.50 0.125<PGA≤0.25 0.075<PGA≤0.150 0.25<PGA≤0.50 0.75<SS≤1.50 0.45<SS≤0.9 0.125<SS≤0.25 0.1<SS≤0.2 

5 PGA≤0.25 PGA≤0.125 PGA≤0.075 PGA≤0.25 SS≤0.75 SS≤0.45 SS≤0.125 SS≤0.1 

* S1 - 2475 S1 - 475 S1 - 72 S1 - 43 PGV 43 PGV 72 PGV 475 PGV 2475 

1 S1>0.8 S1>0.4 S1>0.19 S1>0.1 PGV>10 PGV>18 PGV>60 PGV>100 

2 0.6<S1≤0.8 0.3<S1≤0.4 0.135<S1≤0.18 0.075<S1≤0.1 7.5<PGV≤10 13.5<PGV≤18 45<PGV≤60 75<PGV≤100 

3 0.4<S1≤0.6 0.2<S1≤0.3 0.09<S1≤0.135 0.05<S1≤0.075 5<PGV≤7.5 9<PGV≤13.5 30<PGV≤45 50<PGV≤75 

4 0.2<S1≤0.4 0.1<S1≤0.2 0.045<S1≤0.09 0.025<S1≤0.05 2.5<PGV≤5 4.5<PGV≤9 15<PGV≤30 25<PGV≤50 

5 S1≤0.2 S1≤0.1 S1≤0.045 S1≤0.025 PGV≤2.5 PGV≤4.5 PGV15 PGV≤25 

*Sequence, earthquake zone number 

 



60 Birinci / Challenge Journal of Structural Mechanics 9 (2) (2023) 55–67  

 

 

Fig. 5. Data and spreadsheet formatting.

According to similar regions in Tables 3 and 4, the 
number of settlements is highest in the North (11585 
people), the largest area (157292.93 km2, in the Middle), 
and the highest population in the West (34097535 peo-
ple) takes place. According to geographical regions, the 
number of settlements takes place the highest in the 
Black Sea (11221), the largest area in Central Anatolia 

(192328.10 km2), and the highest population in Mar-
mara (25377324 people). According to the state of the 
district to which the settlements are connected, the high-
est number of settlements (20392), the largest area 
(343879.00 km2), and the highest population (37214062 
people) is found in the settlements defined as “MD: Met-
ropolitan District”.

Table 3. Number, area, and population of settlements in similar regions and geographical regions. 

Similar regions  Geographical regions 

Code Nomenclature Number Area* Populations  Code Nomenclature Number Area Populations 

(A) West 10652 140353.87 34097535  (1) Marmara 6074 66746.42 25377324 

(B) North 11585 126147.41 8950081  (2) Aegean 6189 89478.70 10689115 

(C) North East 3624 54365.13 2154723  (3) Mediterranean 4885 89671.16 10759218 

(D) Middle 7197 157292.93 11449973  (4) Central Anatolia 8604 192328.10 13691779 

(E) East 6882 122769.21 5926494  (5) Southeastern Anatolia 5862 76151.20 9118921 

(F) South West 3152 77251.04 7095001  (6) Eastern Anatolia 7470 149157.80 6061837 

(G) South Central 4486 53657.05 9518321  (7) Black Sea 11221 116506.60 7916168 

(H) South East 2727 48203.36 4422234       

Top three totals 29434 423794.21 55065829    27295 457992.50 49828321 

TOTAL 50305 780040 83614362    50305 780040 83614362 

Note: * The values complied from the Republic of Turkey Ministry of Natural Defense General Directorate of Mapping (2021).  
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Table 4. Distribution, number, area, and population of settlements by district and province types. 

The city status to which the neighborhoods and villages are affiliated (numbers and proportions)  

Code Nomenclature Number Ratio, % Area Ratio, % Population Ratio, % 

MCD Metropolitan Central District 5470 10.87 55391.00 7.10 27942170 33.42 

MD Metropolitan District 20392 40.54 343879.00 44.08 37214062 44.51 

CCD City Center District 1900 3.78 25681.58 3.29 7677970 9.18 

CCDV City Center District Village 3570 7.10 49969.00 6.41 1262423 1.51 

CD City District 4247 8.44 68300.71 8.76 5718451 6.84 

CDV City District Village 14726 29.27 236818.71 30.36 3799286 4.54 

First three sum 40588 80.68 648998.42 83.20 72834202 87.11 

TOTAL 50305 100.00 780040 100.00 83614362 100.00 

The distance to the district center to which each set-
tlement is connected, according to each option of the dis-
tance, travel time, and transportation speed (first three 
cases from "middle" to the most negative, shown in Fig. 
5), according to the earthquake zone numbers (EQ+) and 
earthquake zones. (EQ-), corresponding to the limit val-
ues, the number of settlements in similar regions and ge-
ographical regions, the number of living population, set-
tlement areas, their location (explained in Tables 3 and 
4), and their rates according to Turkey overall (%) are 
given in Table 5. The results obtained by making the 
same process according to the provincial centers are 
given in Table 6. 

According to the evaluation according to the district 
center, it is seen that EQ-: 8495 (EQ+: 7337, 14.59%) of 
the settlements (16.89%) are located more than 30 km 
away, they have an area of 163442 km2 (20.95%) and 
5604523 people live in this area (6.70%). It is seen that 
the number of settlements where the transportation 
time is more than 30 minutes is 28.69%, the area is 
31.98% and the population is 12.70%, the number of set-
tlements where the transportation speed is less than 50 
km/h is 97.45%, the area is 96.53% and the population 
is 98.75%. 

In similar regions more than 30 km away from the dis-
trict center, the highest number of settlements are in the 
East (1722 units), according to geographical regions in 
Eastern Anatolia (1903 units), and according to the city 
type, the most are in the Metropolitan District Center 
(3231units). The highest number of settlements in simi-
lar regions longer than 30 minutes are located in the East 
(3013 units), according to geographical regions in East-
ern Anatolia (3165 units), and according to the city type, 
most are in the Metropolitan District Center (5583 
units). It is seen that the number of settlements where 
the transportation speed is less than 50 km/h the most 
settlements are in the North (11403 units), according to 
geographical regions, it is seen in Eastern Anatolia 
(11098 units), according to the city type, it is mostly in 
the Metropolitan District Center (19902 units). 

According to the evaluation according to the city cen-
ter, it is seen that 38314 of the settlements (76.16%) are 
located more than 30 km away, they have an area of 
648241 km2 (83.10%) and 34680977 people live in this 
area (41.48%). It is seen that the number of settlements 
where the transportation time is more than 30 minutes 
is 79.54%, the area is 85.50% and the population is 

46.82%, the number of settlements where the transpor-
tation speed is less than 50 km/h is 94.54%, the area is 
96.23% and the population is 81.63%. 

In similar regions more than 30 km away from the city 
center, the highest number of settlements are located in 
the North (8996 units), according to geographical re-
gions in the Black Sea (8442 units), and according to the 
city type, the most are in the City District Village (18452 
units). The highest number of settlements in similar re-
gions longer than 30 minutes are located in the North 
(8628 units), according to geographical regions in the 
Black Sea (8986 units), and according to the city type, 
most are located in the Metropolitan District (18803). It 
is seen that the number of settlements where the trans-
portation speed is less than 50 km/h the most settle-
ments are in the North (11106 units), according to geo-
graphical regions, it is seen in the Black Sea (8423 units), 
according to the city type, it is mostly in the Metropolitan 
District (20179 units). 

The altitudes of each settlement, earthquake zone 
numbers, and each option of the earthquake hazard map 
parameters (the first three cases, from "middle" to the 
most negative, shown in Fig. 5), according to the earth-
quake zone numbers (EQ+) and without considering the 
earthquake zones (EQ-), corresponding to the deter-
mined limit values, the number of settlements in similar 
regions and geographical regions, living population, set-
tlement areas, location (explained in Table 3 and Table 
4), their rates (%) and altitude compared to overall Tur-
key, tsunami risk assessment (ratios not given) findings 
for settlements with A> 5 are given in Table 7. The tsu-
nami risk of Turkey is given as 4.71 m for the Mediterra-
nean, including the Aegean Sea, depending on the fault 
movement (the time to reach the shore in 8 minutes, the 
advancement distance is 50 m) and 3 m for the Black Sea 
(BDTİM, 2017). For this reason, the altitude value to in-
clude both situations was determined as 5 m. 

When the altitudes are evaluated, 19122 (38.01%) 
settlements are located at an elevation of more than 
1000 m, 26757 (53.19%) settlements exist in 1., 2. or 3. 
earthquake zones (earthquake hazard map parameters 
have been evaluated separately) and it is seen that 
49623348 people (59.35%) live in these settlements. Ac-
cording to the evaluation made for the medium-high risk 
zone, 26483 (52.64%) settlements are located in an area 
of 382395 km2 (49.02%) and 49623348 people 
(59.35%) live in this area. 
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Table 5. Evaluation results of distance, transportation time, and transportation speed data  
according to the district center. 
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Number of settlements  
(neighborhood-village) 

EQ+ 7337 - 14.59 12475 - 24.80 42589 - 84.66 

EQ- 8495 - 16.89 14435 - 28.69 49020 - 97.45 

Area of settlements (km2) 
EQ+ 135353 - 17.35 211582 - 27.12 641453 - 82.23 

EQ- 163442 - 20.95 249481 - 31.98 752965 - 96.53 

Living population (person) 
EQ+ 4212404 - 5.04 8108594 - 9.70 71344012 - 85.33 

EQ- 5604523 - 6.70 10619290 - 12.70 82568950 - 98.75 

Number of settlements and region 
(maximum) in a similar region 

EQ+ 1722 (E) 3.42 2894 (E) 5.75 10429 (B) 20.73 

EQ- 1722 (E) 3.42 3008 (B) 5.98 11403 (B) 22.67 

Settlement in a similar region  
number and region (2nd most) 

EQ+ 1280 (B) 2.54 2675 (B) 5.32 10122 (A) 20.12 

EQ- 1456 (D) 2.89 2894 (E) 5.75 10502 (A) 20.88 

Number of settlements in similar 
regions and regions (3rd most) 

EQ+ 1118 (A) 2.22 2138 (A) 4.25 6700 (E) 13.32 

EQ- 1386 (B) 2.76 2172 (A) 4.32 6731 (D) 13.38 

Number of settlements in the geo-
graphical region and region (most) 

EQ+ 1903 (6) 3.78 3165 (6) 6.29 8756 (7) 17.41 

EQ- 1903 (6) 3.78 3185 (7) 6.33 11098 (7) 22.06 

Number of settlements in the geo-
graphical area and region (2nd 
most) 

EQ+ 1245 (7) 2.47 2559 (7) 5.09 7248 (6) 14.41 

EQ- 1827 (4) 3.63 3165 (6) 6.29 8087 (4) 16.08 

Settlement in the geographical re-
gion number and region (3rd most) 

EQ+ 1206 (5) 2.40 1840 (5) 3.66 6054 (2) 12.03 

EQ- 1414 (7) 2.81 2302 (4) 4.58 7248 (6) 14.41 

Number of settlements and city 
type by city type (most) 

EQ+ 2673 MD 5.31 4720 MD 9.38 17170 MD 34.13 

EQ- 3231 MD 6.42 5583 MD 11.10 19902 MD 39.56 

Number of settlements and city 
type by city type (2nd most) 

EQ+ 2635 CDV 5.24 4523 CDV 8.99 12569 CDV 24.99 

EQ- 2895 CDV 5.75 5079 CDV 10.10 14257 CDV 28.34 

Number of settlements and city 
type by city type (3rd most) 

EQ+ 914 MCD 1.82 1502 MCD 2.99 4679 MCD 9.30 

EQ- 1073 MCD 2.13 1790 MCD 3.56 5362 MCD 10.66 

From the altitude assessment, it is seen that 411010 
people live in 148 settlements in an area of 1895.77 km2 
with an altitude of 5 m or less. According to similar re-
gions, 55 of them are located in the West, while 63 ac-
cording to geographical regions are in the Mediterra-
nean. 118 of the 148 settlements are also located in set-
tlements affiliated with Metropolitan District. 

Limit values determined for earthquake hazard map 
parameters are given in Fig. 5. The values in Table 8 are 
calculated according to the ranges given in Table 2 and 
determined by 5 limit values obtained by dividing into 4 
parts between the maximum and minimum values in 
Turkey. Since Turkey earthquake hazard map parame-
ters were determined for locations that have equal incre-
ments of latitudes and longitudes in general, they do not 
correspond every time to settlements. For this reason, 
both the maximum and minimum values of Turkey in 
general and the maximum, minimum, and average values 
of the settlements are given together in the table. Here, 
as shown in Fig. 5, from "middle" to negative, the first 

three cases where the earthquake zone degree is less 
than 3 (3rd, 2nd, 1st-degree earthquake zone) are taken 
into consideration. 

The maximum value of the design earthquake SS - 475 
according to the settlements is 2.001, the minimum 
value is 0.137 and the average value is 0.717. The num-
ber of settlements where the SS - 475 value is greater 
than 0.9 (approximately the same whether the earth-
quake zone is taken into account or not) is 13292. It has 
been observed that the area of these settlements is ap-
proximately 174380 km2 and the living population is 
28321962 people. 

 

4. Discussion and Recommendations:  
Sampling for Turkey-Trabzon-Akçaabat 

According to the findings obtained from the study, it 
is understood that intervention in disasters and emer-
gencies from the central point cannot be as fast as neces-
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sary. For this reason, it was concluded that a solution can 
be produced by establishing “core monitoring and re-
sponse centers (CMICEN)” consisting of 2-4 people 
trained for possible disasters and emergencies for a 
quick solution. The recommended centers should be 
formed primarily from volunteers, and the necessary 
training should be provided for this team. Under the 
leadership of AFAD (DEMP-Disaster and Emergency 
Management Presidency), preparations and training 
programs are already provided voluntarily. Providing 
the necessary equipment for the team’s immediate re-
sponse to be determined at the local level, evaluating if 
available volunteers, and providing uninterrupted com-

munication opportunities for the team at all times must 
be provided. The communication cycle of "public-112 
Emergency Service- CMICEN (ÇEKMER)" is important 
for this. For areas where existing communication tools 
are not available, it is necessary to provide the oppor-
tunity to communicate immediately. The use of satellite-
connected communication tools and radio equipment 
should also be considered as an alternative. For the suc-
cess of the aforementioned studies, the condition that 
the volunteers permanently reside in the settlement 
where the center is established and that the public has 
access to these people together with the 112 Emergency 
Service should be observed.

Table 6. Evaluation results of distance, transportation time, and transportation speed data  
according to the city center. 

 

 

Evaluation according to the district center 

D
is

ta
n

ce
 

>
3

0
 k

m
 

L
o

ca
ti

o
n

 

%
 

D
u

ra
ti

o
n

 
>

3
0

 m
in

 

L
o

ca
ti

o
n

 

%
 

Sp
e

ed
 

<
5

0
 

k
m

/h
 

L
o

ca
ti

o
n

 

%
 

Number of settlements  
(neighborhood-village) 

EQ+ 33320 - 66.24 34849 - 69.28 41322 - 82.14 

EQ- 38314 - 76.16 40015 - 79.54 47559 - 94.54 

Area of settlements (km2) 
EQ+ 550468 - 70.57 567585 - 72.76 639331 - 81.96 

EQ- 648241 - 83.10 666913 - 85.50 750621 - 96.23 

Living population (person) 
EQ+ 30843316 - 36.89 34897644 - 41.74 58826414 - 70.35 

EQ- 34680977 - 41.48 39148967 - 46.82 68252597 - 81.63 

Number of settlements and region 
(maximum) in a similar region 

EQ+ 8230 (B) 16.36 8628 (B) 17.15 10146 (B) 20.17 

EQ- 8936 (B) 17.76 9379 (B) 18.64 11092 (B) 22.05 

Settlement in a similar region  
number and region (2nd most) 

EQ+ 7692 (A) 15.29 8002 (A) 15.91 9646 (A) 19.18 

EQ- 8003 (A) 15.91 8312 (A) 16.52 10014 (A) 19.91 

Number of settlements in similar 
regions and regions (3rd most) 

EQ+ 5524 (E) 10.98 5783 (E) 11.50 6662 (E) 13.24 

EQ- 5524 (E) 10.98 5783 (E) 11.50 6833 (D) 13.58 

Number of settlements in the geo-
graphical region and region (most) 

EQ+ 6767 (7) 13.45 7189 (7) 14.29 8423 (7) 16.74 

EQ- 8442 (7) 16.78 8986 (7) 17.86 10636 (7) 21.14 

Number of settlements in the geo-
graphical area and region (2nd 
most) 

EQ+ 5885 (6) 11.70 6169 (6) 12.26 7174 (6) 14.26 

EQ- 6689 (4) 13.30 6771 (4) 13.46 8121 (4) 16.14 

Settlement in the geographical re-
gion number and region (3rd most) 

EQ+ 4964 (4) 9.87 5003 (4) 9.95 5905 (2) 11.74 

EQ- 5885 MD 11.70 6169 (6) 12.26 7174 (6) 14.26 

Number of settlements and city 
type by city type (most) 

EQ+ 15759 MD 31.33 16057 MD 31.92 17344 MD 34.48 

EQ- 18452 CDV 36.68 18803 MD 37.38 20179 MD 40.11 

Number of settlements and city 
type by city type (2nd most) 

EQ+ 12169 CDV 24.19 12431 CDV 24.71 12943 CDV 25.73 

EQ- 13706 CD 27.25 14009 CDV 27.85 14673 CDV 29.17 

Number of settlements and city 
type by city type (3rd most) 

EQ+ 3106 CD 6.17 3065 CD 6.09 3631 MCD 7.22 

EQ- 3571 CD 7.10 3519 CD 7.00 4205 CD 8.36 

Settlements in the coastal cities of Turkey are gener-
ally located in large river valleys flowing from the land 
to the sea, on the edges of small streams that are directed 
perpendicular to this stream, or on the plains in moun-
tainous geography between small rivers. In the Black Sea 

Region, this formation is in the form of large rivers flow-
ing in the South-North direction (valley bottom line) and 
small streams in the vertical direction (perpendicular to 
the valley). The main mode of transportation is the high-
way and it is built right next to the largest river, parallel 
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to it and following the natural geographical structure. If 
these roads unite the provincial and district centers, they 
also have the standard of "state and provincial roads", 
while the curved roads with a 10-20 m curvature radius 
that are connected to them and provide access to settle-
ments are of very low standard (village road, forest 
road). For this reason, besides not allowing fast trans-
portation, it has very large slopes and very narrow sec-
tions. From this, it is concluded that central teams cannot 

respond to disasters and emergencies as soon as neces-
sary. For these reasons, it has been suggested to find 
CMICEN. Below, the centers determined for the Akçaabat 
district of Trabzon province (Metropolitan) are sampled. 
Fig. 6 shows the five centers proposed for Akçaabat and 
the geographical location and areas of responsibility of 
the AK4 center. If these centers are established based on 
an on-site examination, where all conditions are evalu-
ated, their number and location may change.

Table 7. Altitude, earthquake, and tsunami assessment results of settlements. 
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Number of settlements  
(neighborhood-village) 

EQ+ 16864 - 33.52 26483 - 52.64 
148 - 

EQ- 19122 - 38.01 26757 - 53.19 

Area of settlements (km2) 

EQ+ 326160 - 41.81 381785 - 48.94 1895.77 
 

- 
EQ- 386888 - 49.60 387486 - 49.68 

Living population (person) 

EQ+ 12498796 - 14.95 49434238 - 59.12 
411010 

- 
- EQ- 16564350 - 19.81 49623348 - 59.35 

Number of settlements and region 
(maximum) in a similar region 

EQ+ 5571 (E) 11.07 9735 (A) 19.35 
55 (A) 

EQ- 5571 (E) 11.07 9866 (A) 19.61 

Settlement in a similar region  
number and region (2nd most) 

EQ+ 4320 (D) 8.59 5829 (B) 11.59 
36 (G) 

EQ- 5275 (D) 10.49 5853 (B) 11.64 

Number of settlements in similar 
regions and regions (3rd most) 

EQ+ 2827 (B) 5.62 5492 (E) 10.92 
28 (B) 

EQ- 2915 (B) 5.79 5492 (E) 10.92 

Number of settlements in the geo-
graphical region and region (most) 

EQ+ 6811 (6) 13.54 5702 (2) 11.33 
63 (3) 

EQ- 6811 (6) 13.54 5702 (2) 11.33 

Number of settlements in the geo-
graphical area and region (2nd 
most) 

EQ+ 4336 (4) 8.62 5675 (6) 11.28 
31 (2) 

EQ- 6287 (4) 12.50 5675 (6) 11.28 

Settlement in the geographical re-
gion number and region (3rd most) 

EQ+ 2525 (7) 5.02 5271 (1) 10.48 
27 (1) 

EQ- 2662 (7) 5.29 5402 (1) 10.74 

Number of settlements and city 
type by city type (most) 

EQ+ 7486 CDV 14.88 11327 MD 22.52 
118 MD 

EQ- 7945 CDV 15.79 11368 MD 22.60 

Number of settlements and city 
type by city type (2nd most) 

EQ+ 4482 MD 8.91 7626 CDV 15.16 
22 MCD 

EQ- 5420 MD 10.77 7798 CDV 15.50 

Number of settlements and city 
type by city type (3rd most) 

EQ+ 1769 CCDV 3.52 2576 MCD 5.12 
5 CD 

EQ- 1952 CCDV 3.88 2577 MCD 5.12 

Akçaabat, which has 73 settlements (neighborhoods), 
is the largest district after Ortahisar, which is the city 
center, with a population of 127 331 people (surface 
area 385 km2) among 18 districts of Trabzon. The natu-
ral events that are likely to pose the most important dis-
aster risk can be listed as floods, landslides, rock falls, av-
alanches on high altitudes, and fires in places with old-
fashioned and collective housing. Sera Lake, which was 
formed in 1950 due to landslides, is located within the 

boundaries of Akçaabat, just like Uzungöl, which is lo-
cated in Çaykara and formed between 1610 and 1620. 
Yıldız, Söğütlü, Kireçhane, Kavaklı, Darıca, Zeytinlik, 
Çatalzeytin, Akçakale, and Taşlıca Creeks in the district 
are important streams flowing in the South-North direc-
tion. There are settlements among other small streams 
that are perpendicular to these streams. State and pro-
vincial roads are generally parallel to the large and long 
ones of these streams such as Söğütlü Creek. The roads 
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that provide access to the settlements are located from 
these main roads to the settlements as East-West on the 
left coast and West-East on the right coast. To reach the 
settlements in use, it is necessary to reach the main road 
by the big stream and then to go to the centers. 

The number of roads providing a direct connection 
between settlements is both very few and of very low 
quality. For this reason, five centers have been estab-

lished for the Akçaabat district, which will provide geo-
graphical situation, location of roads, and ease of trans-
portation. If these centers are established, transporta-
tion to all settlements will be possible in 20 minutes at 
the most. Otherwise, it may be possible for the central 
intervention teams to be located in Trabzon (city cen-
ter), Akçaabat, or Düzköy (districts close to the sample 
area) to all settlements in the selected area only in hours.

Table 8. Evaluation results of earthquake hazard map parameters in settlements. 

Probability of exceeding in 50 years % 2 % 10 % 50 % 68 % 2 % 10 % 50 % 68 

 Earthquake Parameter PGA 2475 PGA 475 PGA 72 PGA 43 SS - 2475 SS - 475 SS - 72 SS - 43 

Turkey Earthquake  
Hazard Map Parameters 

Max 1.354 0.811 0.356 0.208 3.439 2.005 0.845 0.468 

Min 0.130 0.061 0.016 0.010 0.297 0.134 0.035 0.021 

Mean 0.532 0.276 0.103 0.071 1.286 0.647 0.233 0.161 

Settlements in Turkey 

Max 1.352 0.811 0.355 0.207 3.439 2.001 0.845 0.468 

Min 0.131 0.064 0.018 0.010 0.302 0.137 0.054 0.023 

Mean 0.564 0.302 0.115 0.079 1.381 0.717 0.267 0.179 

Earthquake Zone: 1, 2, 3 and Parameters 
Limit value 

PGA>0.5 PGA>0.25 PGA>0.15 PGA>0.08 SS >1.5 SS >0.9 SS >0.25 SS >0.2 

… of settlements complying 
with the conditions 

Average  
values 

0.843 0.397 0.210 0.105 2.148 1.266 0.474 0.237 

Number 26483 28234 12074 17469 18930 13292 23209 18898 

Area 382394.74 408856.42 157620.79 234111.79 263975.98 174676.70 322342.82 251924.41 

Population 49434238 52408621 23350328 35451606 37404991 28321962 45207053 39086530 

Without taking into account the earthquake region 

… of settlements complying 
with the conditions 

Average 0.862 0.579 0.251 0.151 2.521 1.496 0.578 0.337 

Number 26757 28491 12113 17531 18997 13329 23303 18969 

Area 
388105.27

49 
413753.44

04 
158325.71

57 
235254.33

55 
265239.12

94 
175320.09

18 
324074.39

81 
253220.04 

Population 49623348 52589237 23370662 35487030 37440402 28334477 45306019 39164618 
         

Probability of Exceeding in 50 Years % 2  % 10 % 50 % 68 % 2  % 10 % 50 % 68 

Earthquake Parameter S1 - 2475 S1 - 475 S1 - 72 S1 - 43 PGV 43 PGV 72 PGV 475 PGV 2475 

Turkey Earthquake  
Hazard Map Parameters 

Max 1.009 0.536 0.205 0.109 10.724 21.156 69.306 120.156 

Min 0.096 0.047 0.013 0.007 0.649 1.122 3.912 8.07296 

Mean 0.348 0.179 0.067 0.047 4.113 5.935 16.118 31.3627 

Settlements in Turkey 

Max 0.987 0.513 0.182 0.106 10.723 19.422 60.596 104.941 

Min 0.097 0.047 0.018 0.013 0.941 1.423 4.439 8.271 

Mean 0.380 0.201 0.077 0.053 4.817 7.054 22.002 35.432 

Earthquake Zone: 1, 2, 3 and Parameters 
Limit value 

S1>0.4 S1>0.2 S1>0.09 S1>0.05 PGV>5 PGV>10 PGV>30 PGV>50 

… of settlements complying 
with the conditions 

Average  
values 

0.843 0.397 0.210 0.105 2.148 1.266 0.474 0.237 

Number 19905 21659 15577 26824 21970 11171 8309 7572 

Area 262121.22 287961.62 199514.17 373445.56 292175.98 131751.06 97495.33 90831.36 

Population 41283061 43246858 35263434 47798524 42622483 26796006 18877263 14384817 

Without taking into account the earthquake region 

… of settlements complying 
with the conditions 

Average 0.862 0.579 0.251 0.151 2.521 1.496 0.578 0.337 

Number 19992 21755 15655 26972 22069 11246 8364 7629 

Area 263711.49 289726.84 200925.51 376263.89 294015.81 133120.14 98472.78 91850.25 

Population 41381753 43356035 35349910 47946343 42733727 26874339 18897017 14405522 
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Fig. 6. Core monitoring and response centers-CMICEN sampling for Trabzon-Akçaabat.

5. Conclusions 

For all disasters and emergencies caused by biologi-
cal, earth-crust, and water events, atmospheric and cli-
matic events, and human-related events, the distances of 
the place of disaster to the centers or intervention 
points, transportation times and speeds, and the alti-
tudes of these places have a significant effect. In this 
study, settlements are approximately 18 km away, trans-
portation time is approximately 23 minutes and trans-
portation speed is at the level of 43 km/h according to 
Turkey and district centers. According to the provincial 
centers, the average distance is 63 km, the transporta-
tion time is 60 minutes and the transportation speed is 
59 km/h. The average altitude of all settlements is a level 
of 830 m. This altitude information means that weather 
conditions are of great importance in the response and 
will have a significant impact on weather conditions. 
Therefore, it will be useful to use the results obtained 
from this study in all disaster and emergency macro 
planning. 

The target of reaching disasters and emergencies in 
30 minutes at most in rural areas and 10 minutes in the 
center should be revised as shorter periods. It is possible 
to achieve this by establishing a "CMICEN" in the middle 
of a circular area with a radius of 10-20 km or a rectan-
gular area with the same dimensions, or at a starting 
point that will provide convenience for transportation, 
taking into account the standard, quality, and transpor-
tation speed of the transportation roads.  

 

Thus, the duration of response to disasters and emer-
gencies can be reduced to a maximum of 20 minutes in ru-
ral areas and 5 minutes in the center. By increasing the 
number of centers, these durations can be shortened for 
the whole country (local intervention). It is thought that 
possibility of uninterrupted communication with CMICEN 
teams (with tools such as 112 Emergency Service, satel-
lite-connected communication, and use of radio), training 
of officers from amateur, volunteer, or professional teams, 
permanent residence in that settlement, sufficient equip-
ment to be necessary and sufficient for the results. 
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A B S T R A C T 

In this study, it is aimed to investigate the properties of the most commonly used 
metal and alloy steel materials, which are used in our country and in the world as 

engineering materials, under the influence of fire of the rebar in the concrete. Inspec-

tion standard TS 708:2010 S420 quality 8 mm diameter ribbed construction iron 

bars for 90 minutes in resistant furnace, atmospheric environment at 600 °C, 800 °C 

and 1000 °C concrete inside and outside the concrete at the specified temperature 
fire simulation, the process was allowed to cool in air. With the protective environ-

ment created by reinforced concrete, the temperature directly affecting steel bars lo-

cated outside the concrete under the same conditions, The variable properties of the 

sample, which are inside the concrete and outside the concrete, were evaluated com-

paratively. Surface images of the specimens prepared in metallography were taken 

at different magnifications. The tensile strength of rebar bars did not change signifi-

cantly according to the environment, but the samples in the concrete showed a more 

ductile tendency than the samples outside the concrete. The hardness values of the 

steel bars in the concrete and the steel bars other than the concrete decreased as the 

temperature increased and this decrease was higher in the samples in the concrete. 
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1. Introduction 

It is known that iron and its alloys take the first place 
among the materials used in the field of engineering. Iron 
alloy steels constitute a large part of these materials. 

The physical, chemical and mechanical properties of 
steels to be used are decided according to the working 
conditions. While commonly formed structures are se-
lected according to these characteristics, exposure to 
high temperatures is generally ignored (Uysal 2004; 
Buzkıran et al. 2016). Mechanical properties of steel at 
high temperature, such as yield limit, ultimate strength, 
hardness, modulus of elasticity and thermal expansion 
coefficient, are the basic mechanical properties that de-
termine the high temperature performance of steels 
(Ketabdari et al. 2019; Demirel and Özkan 2003). Fire is 
a serious threat to all building elements and causes loss 
of life and property. In this context, although steel struc-

tures or steel-containing structures show superior prop-
erties at room temperature, they are materials that 
show a significant decrease in their strength at high 
temperatures due to their metallurgical structures. 
(Köksal et al. 2004; Kodur and Aziz 2015; Cirpici et al. 
2022). While steel structural elements have high 
strength and rigidity under normal conditions, these 
properties deteriorate rapidly at relatively high temper-
atures of 600 °C and above, and fire seriously reduces the 
load bearing capacity of the structure Yazici et al. (2022). 
Steel structures should not only have the capacity to 
carry the design loads at room temperature, but also 
maintain their strength in the face of difficult events such 
as fire in structural design. For this reason, fire resistant 
designs of these structures should be made so that the 
structures can maintain sufficient strength at high tem-
peratures within the fire resistance period (Ergün et al. 
2010). A large part of the building stock consists of re-
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inforced concrete and steel carrier systems added as car-
riers into the reinforced concrete structure. Because it is 
a semi-insulating material due to its structure and is 
more resistant to fire than steel, the concrete covering 
the steel creates thermal insulation for the steel 
(Buzkıran and Erten 2016). 

Scientific studies are continuing on environmental 
coating with concrete and thermal swelling coating ap-
plications in order to use it as a thermal barrier against 
fire on structural elements and materials (Zhao et al. 
1999; Ergün et al. 2010; Atashafrazeh et al. 2022). Steel 
and concrete are in the group of non-combustible mate-
rials in terms of flammability. Since they are non-com-
bustible, there is no material loss in fire damage, but 
great decreases are observed in hardness values, yield 
limit and tensile strength in all post-fire steels (Tama 
2012; Kodur et al. 2015). However, with the diffusion of 
nitrogen atoms in the microstructure at around 200 °C 
to the grain boundaries, a slight increase in the tensile 
strength and hardness of the steels is observed. How-
ever, when 300 °C is exceeded, the hardness and 
strength values begin to decrease. When the tempera-
ture rises above the critical threshold of 600 °C, the ten-
sile strength falls below the safe mechanical values 
(Tama 2012; İplikçi 2006; Aliş et al. 2022). 

In this study, the grain structures, tensile strength and 
hardness values of ribbed construction steels inside and 
outside the concrete were comparatively examined un-
der the easily accessible temperatures of 600 °C, 800 °C 
and 1000 °C during fire. In addition, surface images were 
taken with a scanning electron microscope and their 
chemical compositions were examined. 
 

2. Material and Method 

Steel, which is the most widely used engineering ma-
terial among metals, has some superior properties that 
make it advantageous compared to other building mate-
rials and highlight its use. Some of these are properties 
such as high strength and high modulus of elasticity of 
steels (Tama and Kaftan 2007). 

Basically, fire consists of 5 phases: ignition, develop-
ment, growth, full growth and extinction (İplikçi 2006; 
Korol et al. 2015). In a combustion event, the tempera-
ture relationship according to the fire stages is given in 
Fig. 1 (Yazıcı and Koşatepe 2020). 

The variation in the temperature of protected and un-
protected structural steels during fire is given in Fig. 2 
depending on the time.

 

Fig. 1. Classic fire development curve (Polzin 2019).

 
Fig. 2. Time-temperature relationship in structural 

steels (Lawson 2001). 

In this study, TS 708:2010 standards and 8 mm diam-
eter ribbed construction steel were placed in the con-
crete by leaving a 3 cm spacer. Then, the samples were 
kept at 600 °C and 1000 °C temperatures for 90 minutes 
and then allowed to cool. The temperature regulated fur-
nace used to create an environment similar to the fire en-

vironment is given in Fig. 3. The samples were left to cool 
in the air after the fire as shown in Fig. 4. 

Considering the fire conditions, 15 cm long and 8 mm 
diameter ribbed construction steel was embedded in the 
cement mixture (called C30) used in the structures. Then, 
7 days were waited for the cement to cure. Concrete 
blocks containing steel in the form of molds were kept in 
the furnace for 90 minutes, being exposed to tempera-
tures of 600 °C, 800 °C and 1000 °C separately. It was then 
removed from the furnace and left to cool in air for 24 
hours. In this study, the samples inside the concrete will 
be called as “Intra-Concrete” (I.C.), and the samples out-
side the concrete will be called as “Non-Concrete” (N.C.). 

I.C. and N.C. samples exposed to temperatures were 
classified for metallographic preparation. In order to ob-
tain the surface images and measure the hardness val-
ues, it was cut into certain sizes and placed in the bake-
lite container. Then, it was sanded according to the ap-
propriate abrasive sizes (240-2000 mesh) and polishing 
(crystal liquid containing 1 µm particles) processes were 
performed. 
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Fig. 3. Ash furnace providing desired temperatures. 

 

Fig. 4. Samples inside and outside the concrete that were left to cool in air.

Using a Nikon Eclipse LV150 metal microscope, sur-
face images of samples subjected to sanding and polish-
ing were obtained at magnifications of 50X, 100X and 
200X. Then, the hardness values of the samples were 
measured under a load of 200 g using the Wolpert Wil-
son Instruments Vickers hardness tester. Using the SHI-
MADZU brand tensile device, the tensile strengths of the 
samples prepared according to ASTM E8:2016 standards 
were determined at a loading speed of 5 mm/min. Fi-
nally, using the Zeiss Sigma 300 SEM device, the surface 
topography of the samples was taken and the surface 
composition was examined with the EDAX software. The 
obtained results were examined comparatively in the 
form of in-concrete and out-concrete samples. 

3. Experimental Results 

Using a metal microscope, the surface images of the 
cross-sections of the concrete and non-concrete samples 
tested were obtained at the mentioned magnification ra-
tios and are given in Figure 5 and Figure 6. Depending on 
the effect of temperature and cooling rate, it is clearly 
seen that an integrated structure is formed on the sur-
faces of both non-concrete (N.C.) and intra-concrete 
(I.C.) samples at various magnifications. 

Considering the images taken from the sample at 
room temperature given in Fig. 5, it is seen that the po-
rous structure seen on the surface decreases as the tem-
perature increases at all magnification ratios in non-
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conc-rete samples. However, as seen in Fig. 6, the hollow 
structure seen on the surface of the steel sample at room 
temperature in the concrete samples decreases up to 

800 °C, but after 800 °C is exceeded, it is observed that 
the hollow structure is more than the sample at room 
temperature.

 

Fig. 5. Surface images of non-concrete samples  
taken under the metal microscope  

at the specified magnifications. 

 

Fig. 6. Surface images of the samples in the concrete 
taken at the specified magnifications  

under the metal microscope.

Using a metal microscope, surface images of the sam-
ples inside and outside the concrete in case of fire were 
obtained. In addition, SEM images obtained at 100 µm 
size are given in Figs. 7 and 8. In the structures of the 
samples outside the concrete, it is seen that the number 

of voids seen on the surface decreases as the tempera-
ture increases and turns into a more integrated struc-
ture. In the samples in the concrete, it was observed that 
the voids decreased up to 800 °C, but it was determined 
that the voids increased again after 800 °C.

 

Fig. 7. SEM images of non-concrete samples: (a) at 25 °C; (b) at 600 °C; (c) at 800 °C; (d) at 1000 °C. 
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Fig. 8. SEM images of samples in concrete: (a) at 25 °C; (b) at 600 °C; (c) at 800 °C; (d) at 1000 °C.

Contrary to the heat treatments applied to steels, it is 
known that as a result of uncontrolled heating and cool-
ing, the steel, both inside and outside the structure, loses 
most of its strength due to the high temperature. 

As can be seen in Fig. 9, the hardness of steels de-
creases as the temperature increases and the cooling 
rate decreases. It has been determined that the decrease 
in the hardness values of the steels outside the concrete 
is higher than the decrease in the hardness values of the 
steels inside the concrete. 

In Figs. 10 and 11, the samples subjected to the tensile 
test are handled separately as in-concrete and non-con-
crete. It is observed that the tensile strengths of both in-
concrete and non-concrete samples do not change signif-
icantly up to 600 °C. However, at 800 °C and 1000 °C, a 
very significant decrease in tensile strength is observed 
for both in-concrete and non-concrete samples. Simi-
larly, while there is no significant change in the ductility 
of the samples up to 600 °C, it is seen that the ductility 

values increase as the temperature increases. In the 
strength values parallel to the hardness properties, both 
the tensile strength of the in-concrete samples and the 
tensile strength of the non-concrete samples decreased. 
It was determined that the strength of the in-concrete 
samples decreased more than the strength of the non-
concrete samples. Contrary to the hardness and strength 
values, the ductility values increased as the temperature 
increased. 

As seen in Fig. 12, the steel sample outside the con-
crete melted locally at 600 °C. As given in Table 1, it has 
been determined that the oxygen rate seen on the sur-
face is quite high. However, as can be seen in Fig. 13, it is 
seen that instead of regional melting, cavities are formed 
in the sample in the concrete. In addition, as seen in Ta-
ble 2, it was determined that the oxygen ratio was low. 
Significant differences were observed on the surfaces of 
the in-concrete and non-concrete samples in terms of 
compositions.

 

Fig. 9. Hardness values of samples inside and outside concrete. 
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Fig. 10. Tensile curves of samples in concrete. 

 

Fig. 11. Tensile curves of non-concrete samples.

 

Fig. 12. SEM image of non-concrete steel at 600 °C. 

 

Fig. 13. SEM image of steel in concrete at 600 °C.  
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Table 1. Compositions of the regions in the SEM image of the sample treated on-concrete at 600 °C.
 

EDS Spot1 

Element Weight % Atomic % 

C K 8.0 13.4 

O K 48.4 61.1 

NaK 2.5 2.2 

MgK 0.6 0.5 

AlK 1.9 1.4 

SiK 9.4 6.8 

FeK 1.9 0.7 

 

EDS Spot3 

Element Weight % Atomic % 

O K 26.4 55.5 

SiK 0.2 0.3 

CaK 0.2 0.2 

FeK 73.2 44.1 

 

 
EDS Spot2 

Element Weight % Atomic % 

C K 46.8 63.0 

O K 22.2 22.4 

FeL 0.2 0.0 

NaK 3.0 2.1 

MgK 0.3 0.2 

AlK 1.3 0.8 

SiK 4.9 2.8 

 

EDS Spot4 

Element Weight % Atomic % 

C K 0.5 2.2 

O K 2.5 8.2 

SiK 0.2 0.3 

FeK 96.8 89.3 

Table 2. Compositions of the regions in the SEM image of the sample treated in concrete at 600 °C.
 

EDS Spot1 

Element Weight % Atomic % 

C K 10.5 29.7 

O K 6.0 12.9 

AlK 0.2 0.3 

SiK 10.3 12.5 

FeK 73.0 44.6 

 

EDS Spot3 

Element Weight % Atomic % 

O K 1.6 5.3 

SiK 0.2 0.3 

FeK 98.2 94.3 

 

 
EDS Spot2 

Element Weight % Atomic % 

C K 32.8 63.8 

O K 5.0 7.2 

AlK 0.0 0.0 

SiK 7.1 5.9 

FeK 55.1 23.0 

 

EDS Spot4 

Element Weight % Atomic % 

C K 10.0 31.8 

O K 3.7 8.8 

CaK 0.9 0.9 

FeK 85.4 58.4 

In Fig. 14, it was seen that local melting and agglom-
eration were observed in the steel samples treated at 
1000 °C other than concrete. In the composition samples 
taken from these regions, it was determined that the car-
bon atoms were gathered together as given in Table 3. It 
has been observed that both carbon and oxygen ratios 
decrease significantly towards the inside of the steel, 
where the oxygen ratio is high on the surface. 

In Fig. 15, local melting and agglomeration were not 
observed in the sample placed in the concrete at 1000 °C. 
In Table 4, the element ratios in the inner sections of the 
steel are given. In this table, it is seen that the oxygen rate 
is very low. 

The cavities formed in the steel exposed to the heat in 
the concrete are given in Fig. 16. Micro cracks and struc-
tural defects occurred in the cavity.  

 

Fig. 14. SEM image of steel non-concrete at 1000 °C. 
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Table 3. Compositions of the regions in the SEM image of the sample treated non-concrete at 1000 °C.

 
EDS Spot1 

Element Weight % Atomic % 

C K 10.6 26.2 

O K 17.4 32.4 

AlK 2.2 2.5 

SiK 1.2 1.2 

S K 0.7 0.6 

CaK 3.6 2.7 

MnK 7.4 4.0 

FeK 56.8 30.3 

 

EDS Spot3 

Element Weight % Atomic % 

O K 17.9 41.3 

MnL 0.7 0.5 

SiK 0.1 0.1 

S K 9.4 10.7 

FeK 71.9 47.4 

 

 
EDS Spot2 

Element Weight % Atomic % 

O K 29.9 59.7 

CaK 0.3 0.2 

MnK 0.6 0.3 

FeK 69.3 39.7 

 

EDS Spot4 

Element Weight % Atomic % 

C K 0.7 2.9 

F K 4.2 11.1 

SiK 0.3 0.6 

MnK 0.5 0.5 

FeK 94.3 84.9 

 

Fig. 15. SEM image of the sample treated in concrete  
at 1000 °C. 

 

Fig. 16. SEM image of the cavity formed on the surface 
of the steel treated in concrete at 1000 °C. 

Table 4. Composition of the region in the SEM image of 
the sample treated in concrete at 1000 °C. 

EDS Spot4 

Element Weight % Atomic % 

C K 0.0 0.1 

F K 1.2 3.9 

MnK 0.3 0.3 

FeK 98.5 95.7 

 

4. Conclusions 

The following results were obtained in this research, 
in which the situations of the presence of ribbed con-
struction steel exposed to fire in concrete (I.C.) and out-
side of concrete (N.C.) were studied comparatively. Mi-
crostructural, physical and chemical properties of the 
ribbed construction steels inside and outside the con-
crete are determined by the effect of temperature in the 
event of fire.  

The steel embedded in the concrete heats up together 
with the concrete during the fire. The samples inside the 
concrete heat up and cool down more slowly than the 
samples outside the concrete. In this case, it was deter-
mined that the number of voids in the samples inside the 
concrete was higher than the samples outside the con-
crete. Similar to the studies in the literature, in this study, 
it is seen that the grains of the steels inside the concrete 
are larger than the grains of the steels outside the con-
crete, depending on the effect of temperature and the 
cooling rate. The high number of coarse grains reduces 
the number of grain boundaries in the structure. With 
the decrease in the number of grain boundaries in the 
material, the strength and hardness values of the mate-
rial decrease. However, due to the slow cooling rate, it is 
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seen that this decrease is more in the steels in the con-
crete. Grain growth, which caused a decrease in hard-
ness and strength, also caused an increase in ductility, as 
expected.  

In line with the information obtained from previous 
studies, it can be deduced that the reason for the high 
rate of oxygen in the composition samples taken from 
the areas close to the surface of the steels is that the tem-
perature increase in the material accelerated the oxida-
tion. In the steels in the concrete, the bond of the steel 
with the oxygen is relatively cut due to the protective at-
mosphere created by the concrete. Therefore, it is deter-
mined that the amount of oxygen on the surface of the 
steels in the concrete is quite low. In addition to the heat 
treatments applied to the steels, the pits formed on the 
surface of the steel material and in the steel material af-
ter uncontrolled heating and cooling reduce the strength 
and hardness of the material. It is very clear that the con-
crete and steel to be used in construction works should 
be designed by taking into account disasters such as fire. 
If the continuity of the structure is to be ensured after 
disasters, it is extremely important to evaluate it by tak-
ing these results into account. 
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A B S T R A C T 

Cracks can occur in the compression zone of a beam cross section, in the middle part 
of the span due to different reasons. For instance, due to accidents happened during 

transportation of the prefabricated Reinforced Concrete (RC) beams on manufactur-

ing site. In this study, effects of such cracks on the behavior of RC beams are investi-

gated experimentally. Compression strength of concrete and intensity degree of pre-

created cracks were adopted as test parameters. A total of eight RC beam specimens 

were tested under the effect of bending, applying three-point loading. According to 
the results it was observed that the pre-cracked RC beams had almost the same 

strength with the reference beams; but bending stiffness of the RC beams decreased 

when the intensity of the cracks increased relatively. 
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1. Introduction 

Due to accidents happened during transportation of 
the prefabricated Reinforced Concrete (RC) beams on 
manufacturing site, cracks can occur in the compression 
zone of a RC beam cross section, in the middle part of the 
span (Fig. 1). In the current structures, similar cracks can 
also occur in the RC beams because of earthquake effects. 
Compression zone has a significant impact on beam 
bearing capacity. Thus, it is thought to be an important 
question to investigate how these types of cracks affect 
the beam behavior. Since this topic in literature was not 
tackled directly, as to our knowledge, it is decided to con-
duct this research. 

In this study, the effects of pre-created cracks, in com-
pression zone of the section in the middle part of the 
span, on the behavior of RC beams were investigated ex-
perimentally. The parameters of the experiment were 
essentially the intensity degree of the pre-created cracks 
and the compression strength of concrete. To conduct 
the experiment in the lab, a total of eight RC beams were 
prepared with a 1/3 scale of applicable dimensions in 
real structures. The Specimens were tested under the ef-
fect of bending applying three-point loading.  

 

 

Fig. 1. Pre-cracked reinforced concrete beam. 

In previous studies, usually the cracks were pre-cre-
ated in the tension zone of the beam section in the span 
middle part, or in the shear segment of the beam close to 
the supports. In these research, it is noticed that Arnaud 
Castel, a researcher in University of New South Wales 
(Australia), stands out with significant experimental and 
theoretical studies. In his studies, deflection of the pre-
cracked beams and their static (Castel et al. 2012, 2013, 
2014; Castel and François 2013; Xu et al. 2018a, 2018b) 
and dynamic (Xu and Castel 2016; Xu et al. 2018c) stiff-
ness were examined, and the accuracy of the proposed 
models and methods were investigated. Along with these 
studies, there are some other theoretical and experi-
mental studies conducted by other researchers about 
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efective shear stiffness (Pan et al. 2014), long-term de-
flections (Rahman et al. 1998), various creep analysis 
(Zhang and Hamed 2020) and long-term flexural behav-
ior (Sryh and Forth 2022) of pre-cracked beams. Review-
ing the literature, it is concluded that the pre-cracked 
beams in compression zones were not investigated thor-
oughly despite the importance of compression zone for 
the beams’ strength and behavior. 

 

2. Experimental Study 

2.1. Test specimens and materials 

A total of eight 1/3 scale RC beams were tested under 
the effect of bending, applying three-point loading. Each 

specimen had a length of 1000 mm and rectangular cross 
section of 100 mm width and 150 mm height. All beams 
had the same reinforcement configuration shown in Fig. 
2. Specimens were reinforced with two longitudinal 
ribbed bars of 8 mm diameter at the top, three longitudi-
nal ribbed bars of 8 mm diameter at the bottom of the 
cross section. The longitudinal ribbed bars were of grade 
S420. Beams were also reinforced with stirrups of 4 mm 
diameter spaced at 60 mm. Stirrups were of plain bars. 

100x100x100 mm size cubic concrete specimens 
were tested to obtain the compressive strength of the 
concrete. One group of 4 beams had a concrete compres-
sive strength of 45 MPa (36 MPa for standard cylindrical 
sample) and the other group had a concrete compressive 
strength of 55 MPa (44 MPa for standard cylindrical 
sample).

 

Fig. 2. Reinforcement dimension and configuration of the tested RC beams.

Before the testing, cracks with different intensity 
were created, in the compression zones of the sections in 
the middle part of the span, by loading the beams placed 
upside-down on the bending test setup. No cracks were 
created on the reference beams. Degree of the pre-cre-
ated cracks’ intensity of the least damaged specimen was 
identified by number 1 and of the most damaged speci-
men was identified by number 6. As the identification 
number increases the crack intensity and damage level 
increases. For the non-pre-cracked beams (reference 
beams) the number 0 is used. The number of cracks, 
crack width and depth were considered to determine the 
pre-created cracks' intensity degree.    

Test specimens were named as RB45-0, B45-1, B45-2, 
B45-3, RB55-0, B55-4, B55-5 and B55-6. The specimens 
RB45-0 and RB55-0 were reference beams. The first two 
digit refers to the compressive strength of the concrete. 
Final digit refers to the degree of the intensity of the pre-
created cracks. For example: the specimen named as 
B45-2 has a concrete compressive strength of 45 MPa 
and degree of pre-created crack intensity 2. Pre-created 
crack damages of each RC beam were shown in Fig. 3. Ta-
ble 1 shows the compressive strength and degree of pre-
created crack intensity of each specimen. 

Table 1. Properties of the tested RC beams. 

Name of the 
specimen 

Compressive strength 
of concrete (MPa) 

Degree of intensity 
of pre-crack 

RB45-0 45 0 

B45-1 45 1 

B45-2 45 2 

B45-3 45 3 

RB55-0 55 0 

B55-4 55 4 

B55-5 55 5 

B55-6 55 6 

 

2.2. Test setup and instrumentations 

RC beams were tested by the bending test setup, ap-
plying three-point loading (Fig. 4). RC beam specimens 
were placed on the test setup with simple support. A con-
centrated load was applied on the span midpoint of the 
beams by a load cell having a capacity of 20 kN. An elec-
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tronic displacement measure device was used to meas-
ure the deflection at the span midpoint. Obtained load 

and deflection data were transferred to the computer by 
a data logger.

 

 

 

Fig. 3. Pre-created crack intensity of the specimens.

3. Experimental Results 

Specimens RB55-0, B55-4, B55-5 and B55-6 collapsed 
in bending failure mode. Collapse of the specimens 
RB45-0, B45-1, B45-2 and B45-3 was predominant in 
bending failure mode, however large shear cracks also 
occurred in the beams. Fig. 5 is shown failure modes of 
specimens. 

Obtained load-deflection curves of two group of spec-
imens having concrete compressive strength of 45 MPa 
(RB45-0, B45-1, B45-2 and B45-3) and 55 MPa (RB55-0, 
B55-4, B55-5 and B55-6) were illustrated in Figs. 6 and 
7, respectively. 

Values of yielding load, ultimate load, yielding deflec-
tion and bending stiffness of the beam specimens were 
given in Table 2. Value of bending stiffness of the beams 
was obtained via dividing the yielding load by yielding 
deflection.  

 
 

Fig. 4. Test setup.  
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Fig. 5. Failure modes of specimens. 
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Fig. 6. Load-deflection curves of the specimens RB45-0, B45-1, B45-2 and B45-3. 

 
Fig. 7. Load-deflection curves of the specimens RB55-0, B55-4, B55-5 and B55-6. 

Table 2. Experimental results of the specimens. 

Specimen 
Yielding load, 

Py (kN) 
Ultimate load, 

Pmax (kN) 
Yielding deflection, 

y (mm) 
Bending stiffness 

(kN/mm) 

RB45-0 43.4 53.45 3.60 12.06 

B45-1 42.8 53.20 3.89 11.00 

B45-2 43.8 52.55 5.27 8.31 

B45-3 42.2 53.43 6.91 6.11 

RB55-0 44.1 51.17 2.97 14.85 

B55-4 41.0 54.41 12.45 3.29 

B55-5 40.9 54.47 18.28 2.24 

B55-6 39.9 51.26 21.96 1.82 

Table 3 shows the relative comparison of the beam 
specimens in terms of yielding load, ultimate load, yield-
ing deflection and bending stiffness. Despite the pre-ex-
isting cracks in the beams B45-1, B45-2 and B45-3, the 
ultimate load and yield load values of these beams were 
almost the same as the values of the reference beam 
RB45-0. The difference compared to the reference beam 

was no more than 2% for ultimate load and 3% for yield-
ing load. However, bending stiffness values decreased as 
the intensity of the pre-created cracks in beams in-
creased. Difference of bending stiffness values with re-
spect to reference beam was around 9%, 31% and 50% 
for the specimens B45-1, B45-2, and B45-3, respec-
tively.  
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Table 3. Relative comparison of the experimental results of the specimens with respect to the reference beams. 

Specimen 
Reference 

beam 
Ratio of the 

yielding load 
Ratio of the 

ultimate load 
Ratio of the 

yielding deflection 
Ratio of the relative 

bending stiffness 

B45-1 RB45-0 0.99 0.99 1.08 0.91 

B45-2 RB45-0 1.01 0.98 1.46 0.69 

B45-3 RB45-0 0.97 1.00 1.92 0.51 

B55-4 RB55-0 0.93 1.06 4.19 0.22 

B55-5 RB55-0 0.93 1.06 6.15 0.15 

B55-6 RB55-0 0.90 1.00 7.39 0.12 

During the study, since there was no considerable dif-
ference in terms of ultimate load and yielding load values 
when the specimens B45-1, B45-2, and B45-3 compared 
with the reference beam RB45-0, it was decided to in-
crease the intensity of pre-created cracks on specimens 
B55-4, B55-5, and B55-6. Accordingly, 4th, 5th and 6th 
degrees of damage intensity were caused on the speci-
mens B55-4, B55-5, and B55-6, respectively. Although 
there was larger pre-created damage in B55-4, B55-5, 
and B55-6 than B45-1, B45-2 and B45-3, the yielding 
load and ultimate load values obtained for the specimens 
B55-4, B55-5 and B55-6 weren’t very different from 
those obtained for the reference beam RB55-0. There 
were mostly 9.5% and 6.4% difference in terms of yield-
ing and ultimate load values, respectively. 

Bending stiffness values of the specimens B55-4, B55-
5 and B55-6 decreased as the pre-created cracks damage 
in beams increased. Difference of bending stiffness val-
ues with respect to reference beam RB55-0 was obtained 
around 78%, 85% and 88% for beams B55-4, B55-5, and 
B55-6, respectively. When the crack damages were cre-
ated in those three beams, permanent vertical deflection 
occurred in the mid-span of the beams. Permanent ver-
tical deflection of 9, 12 and 15 mm occurred in the beams 
B55-4, B55-5, and B55-6, respectively. It is thought that 
one of the reasons of the decrease in the bending stiff-
ness is these permanent vertical deflections.  

According to these results it is concluded that pre-cre-
ated cracks with the studied intensity have an important 
effect especially in terms of bending stiffness of the 
beams. Therefore, in such cases, pre-created cracks dam-
age should be considered when the deflection of RC 
beams is analyzed. 
 
 
4. Conclusions 

In this study, the effects of pre-created cracks, in com-
pression zone of the section in the middle part of the 
span, on the behavior of RC beams were investigated ex-
perimentally. Compression strength of concrete and the 
intensity degree of pre-created cracks were adopted as 
test parameters. A total of 8 RC beams were tested under 
the effect of bending by three-point loading. 

Conclusions obtained from the study summarized below. 
• Specimens having a concrete compressive strength of 

45 MPa, collapsed predominantly in bending failure 
mode, however, large shear cracks also occurred in 
the beams. 

• Specimens having a concrete compressive strength of 
55 MPa, collapsed in bending failure mode. 

• Pre-cracked beams having a concrete compressive 
strength of 45 MPa, had closer values to the reference 
beam in terms of yielding load and ultimate load. The 
difference in terms of yielding load and ultimate load 
was at most 3% and 2%, respectively. 

• Bending stiffness value of the pre-cracked beams hav-
ing a concrete compressive strength of 45 MPa de-
creased as the intensity of pre-created cracks damage 
increased. Bending stiffness value of beams having in-
tensity degree of 1, 2 and 3, was 9%, 31% and 50% 
less than the value of reference beam, respectively. 

• Pre-cracked beams having a concrete compressive 
strength of 55 MPa, had closer values with the refer-
ence beam in terms of yielding load and ultimate load. 
The difference in terms of yielding load and ultimate 
load was at most 9.5% and 6.4%, respectively. 

• Bending stiffness value of the pre-cracked beams hav-
ing a concrete compressive strength of 55 MPa de-
creased as the intensity of pre-created cracks damage 
increased. Bending stiffness value of beams having in-
tensity degree of 4, 5 and 6, was 78%, 85% and 88% 
less than the value of reference beam, respectively. 

• Pre-created cracks with the studied intensity didn’t 
have significant effect on RC beams in terms of yield-
ing and ultimate load. However, there can be im-
portant decrease of the bending stiffness of the beams 
due to this kind of pre-created cracks damage.  
Therefore, in such cases, it is concluded that pre-cre-

ated cracks damage should be considered when the de-
flection of RC beams is analyzed. 

For future studies, this kind of investigation can also 
be implemented for RC slabs. Specimens with a scale 1/3 
to 1/5 are planned to be tested similarly in a future 
phase of this study using the same experimental method. 
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