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ABSTRACT  

Reinforced concrete elevated water tanks have been considered as a major element of the water 

distribution networks. The seismic design loads for this construction, like other structural 

systems, are based on the concept of permeating plastic deformations during earthquakes to 

minimise the design elastic force, which is determined by the structure's ability to dissipate 

induced seismic energy. The values of the R Factors adopted in the most national and 

international codes dose not distinguish between several factors like the seismic zones, the 

vertical and horizontal configuration of framed supporting elements, the response spectrum 

function type. Thus, the necessity of enhancing the seismic resistance capacity of the elevated 

tanks is put forward. 

This work gives a thorough investigation into the estimation of the Response Modification 

Factor (R) for raised liquid and water tanks made of reinforced concrete. developed in 

accordance with Egyptian load code ECP-201 (2012) [1].  Firstly. A verification application of 

the algorithm of nonlinear pushover analysis is made to compare the outcomes of the application 

with previously published case study. Then, an comprehensive parametric study is performed 

on two configurations of R.C. Elevated tanks, considering the variation of the tank height, the 

seismic zones, the tank capacity, the response spectrum function type comprise 108 case study. 

The obtained results which is higher than the adopted conservative values in the different codes 

enhance the understanding of the factors affecting the R factor.  

 

KEYWORDS: Response Reduction Factor (R); Pushover analysis; Nonlinear static analysis; Elevated 

Concrete Water Tanks, Seismic Zones, Response Spectrum Functions. 
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ربى:الع  لملخصا  

 
تعتبر الخزانات الخرسانية المرتفعة عن سطح الأرض أحد العناصر الرئيسية في نظام نقل وتوزيع شبكات المياه ويتم تصميم  

هذه الخزانات لمقاومة الزلازل باتباع ذات الطرق المتبعة في باقي المنشآت والتي تعتمد على تخفيض القوى والاحمال التصميمية 

لدنة تعتمد على قدرة المنشأ على امتصاص الطاقة الناشئة عن الزلازل وذلك باستخدام معامل تخفيض  المرنة بالسماح بحدوث تشكلات

الكود المصري او الاكواد العالمية القوى الزلزالية. ومن المعروف ان قيمة معامل تخفيض القوى التصميمية الزلزالية المتبعة سواء في 

رة على قدرة المبنى على مقاومة الزلازل مثل المنطقة الزلزالية والتخطيط الرأسي والأفقي لا تأخذ بالاعتبار الكثير من العوامل المؤث

طيف الاستجابة الزلزالية ومن هنا نشأت الضرورة الى تحسين الفهم الخاص بالعوامل ‘للهيكل الخرساني الحامل للخزان وشكل دالة 

 المؤثرة على معامل تخفيض القوى الزلزالية.  

يتم تقديم دراسة شاملة للعوامل المؤثرة على تحديد قيمة معامل تخفيض القوى الزلزالية للخزانات الخرسانية  وفى هذ البحث

فاءة تطبيق الأسلوب المتبع في . وقد تم في البداية التحقق من ك 2012السابق تصميمها طبقا للكود المصري الحالي للأحمال اصدار 

السابق نشرها. وتم بعد ذلك تنفيذ دراسة بارا ميتريه تعتمد على تغيير التخطيط الرأسي للهيكل  برامج العناصر المحددة على أحد الأمثلة

  108الحامل للخزان وتغيير ارتفاع وكتلة المياه المستخدمة وتغيير المناطق الزلزالية وتغير شكل منحنى طيف التجاوب والتي شكلت 

لزلزالية.حالة تمت دراستها وتحديد قيمة معامل تخفيض القوى ا  

وقد خلصت الدراسة الحالية الى عدم ثبات قيمة معامل تخفيض القوى الزلزالية وان الاكواد المختلفة الحالية تعطى قيم متحفظة 

 وثابتة لهذا المعامل.

 

المناطق  –الخزانات الخرسانية العالية  -التحليل اللاخطى اللدن  –الكلمات الدالة : معامل تخفيض القوى الزلزالية  - 

دالة طيف التجاوب.  –الزلزالية   
 

 

INTRODUCTION: 

The Elevated Water Tanks play very important role in the water distribution systems for the 

emergency uses such as the firefighting, and the normal uses such that the balancing of pressure for 

water supply networks and pumps. Because of this critical purpose, these tanks must be completely 

operational during natural calamities such as earthquakes. Several mishaps involving reinforced 

concrete water tanks collapsing during previous earthquakes have happened due to poor structural 

design, ductility, and strength. 

The actual codes of practice specify the seismic design criteria for the elevated water tanks 

which are different than ordinary buildings in some factors. The elevated water tanks, due to there 

nature and structural systems, have less redundancy, ductility and capability for dissipating the 

dynamic energy induced by earthquakes than the ordinary buildings. Also, the liquids inside the tanks 

generate hydrostatic forces and momentum on the walls and skeleton of the supporting structure. As 

the lateral design seismic loads for elevated water tanks always seem to be higher than regular 

structures with the same dynamic characteristics due to limited ductility and redundancy. 

When a structure is subjected to high seismic excitation, it is said to be shaken. Current seismic 

design techniques and standards are founded on elastic static loads and dynamic loads modelling, but 
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they also take into account inelastic behavior and energy dissipation through the creation of plastic 

zones and plastic hinges. The so-called force reduction factor, also known as the Response 

Modification Factor, is the link between elastic and inelastic behavior (R). After dividing the elastic 

design loads by the factor R, the inelastic seismic design domain is examined, and then the standard 

elastic domain is used. 

During an earthquake, the amount of inelastic demand predicted in building structures is defined 

by response modification factors (R), which are crucial seismic design tools. According to the various 

codes, "Response reduction factor," "Response modification coefficient," and "Behavior factor" are all 

terms for R. R is defined as "Response reduction factor" in IS 1893 (Part 1) [2, "Response 

modification coefficient" in ASCE 7, and "Behavior factor" in Euro code 8. (q). The R factor is 

described as "a factor designed to account for both damping and ductility characteristic in structural 

systems during displacements big enough to reach the maximum displacement" in the discussion to the 

1988 National Earthquake Hazards Reduction (NEHRP) [5] criteria. "According to the commentary to 

the 1988 National Earthquake Hazards Reduction Program (NEHRP) [5] provisions, the R factor can 

be defined as "factor intended to account for both damping and ductility inherent in structural systems 

at displacements great enough to reach the systems' maximum displacement." This phrase describes 

how structures respond to earthquakes and how a code-compliant construction will behave in the case 

of a design earthquake. The R factor is a measurement of a structure's inelastic capacity to distribute 

energy. The R factor is used in seismic load resisting design to account for damping, energy 

dissipation capacity, and over strengthening in order to reduce design forces. 

Reserve strength and ductility are used by seismic codes to explain this decrease, which enhances 

the structure's capacity to absorb and distribute energy. As a result, the importance of the force reduction 

factor, as well as the factors that impact its evaluation and treatment, are essential components of seismic 

design, according to codes. The FEMA-356 [6] and UBC [7] response modification factor (R) values 

are meant to account for both reserve strength and ductility. The response modification factor is 

calculated by ATC [8] as the function of three variables that impact the structure's seismic behavior 

(Ductility, over strength and redundancy). 

Several researches investigate the different aspects control the value of response modification 

factor of tanks, attempting to enhance the understanding of the prescribed codes recommendations and 

their real values.  

The response modification factor for an RC-framed system raised tank either with or without soil 

flexibility is compared by Vishva K. Shastri and Jignesh A Amin [9]. The base shear capacity and 

ductility of existing elevated RC water tanks are evaluated using displacement controlled non-linear 

static pushover analysis. There were three types of soil conditions considered in this study: hard soil, 

normal soil, and soft soil. The elasticity of the soil layer has been observed to have a considerable 

influence on the response modification factor, time period, and overall performance of the water tank, 

suggesting that idealization of fixity at the base in soft soils may be significantly incorrect. 

Jignesh A. Amin and D.P. Soni [10] look at how staging techniques affect realistic response 

modification factor values for an RC frame staging raised water tank that was built and designed 

according to Indian norms. Three elevated RC frame staging water tanks with a capacity of 2000 m3 

and a staging height of 16m, each with a different staging pattern, are designed according to the code 

for water retaining systems IS 1893 (Part-II) [11], and their base shear capacity and the structure ductility 

are determined using displacement controlled nonlinear static pushover analysis. According to FEMA-

356 [6, the response modification factor of the examined RC staging raised water tanks at two level of 

performance, Performance Limit 1 or PL1 (member level), corresponds to the life safety limit condition 

of an RC frame member in terms of permitted plastic hinge rotation at member ends. The maximum 

base shear is defined as the point on the force-displacement relationship curve of structures that 

corresponds to the second acting Level 2 The structural limit condition PL2 is defined in terms of the 

structural system's ultimate capability. 

By performing linear and nonlinear response history analyses, Mostafa et al. [12] investigate the 

seismic behaviour and failure processes of Reinforced concrete frame and shaft bearing tanks in severe 
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earthquakes while taking P– effects into account. Ghateh et al. [13] proposed a methodical technique for 

determining response modification parameters for a total of 48 raised tanks with various capacities and 

RC frame dimensions that are routinely utilized in industry. They recommend that tanks with varied 

staging heights and capacities don't employ the same response reduction factor. 

Patel et al. [14], a component-wise response modification for high raised water tanks with same height 

but varied capacity, was calculated. They came to the conclusion that the value of the response reduction 

factor for an RC staging tank is impacted considerably by time, tank capacity, and seismic activity. 

Mohamed.M, Sherif.S, Hisham.A, and Ezzeldin.Y [15] explore seismic performance variables in raised 

reinforced concrete tanks, including Over strength factor, Cd ductility factor, and R response 

modification factor. Nonlinear static pushover analysis and nonlinear incremental dynamic time history 

analysis were used to determine and evaluate these factors. Far-Field Maximum Considered Earthquake 

(MCE) level ground motions compatible with ASCE 7-05 [3] regulations are used to do the nonlinear 

dynamic time history analysis using three different earthquake data: El-Centro, Parkfield, and Pacoima 

ground motion. Simplified analysis approaches are used to mimic fluid-structure interaction: Housner’s 

model. Based on the analysis results, the Destruction Index calculated using nonlinear time-history 

analysis is evaluated to the destruction Index calculated using pushover analysis techniques.  

The effect of the seismic zones and idealized response spectrum types, are studied by Hanafy 

A.H., Darwish M., Baraka M. [16], but the study was applied on framed structures. 

In this study, the main factors affecting the value of response modification factor (R) for elevated 

liquid tanks are investigated. These factors include the height, the tank capacity (mass), the inclination 

of the columns, the seismic zones, the response spectrum type. 46 models are studied using the finite 

elements program, (SAP2000) [17], considering these parameters to enhance the understanding of the 

values of (R) factor.  

1. Response modification factor determination method.  

 The response modification factors are the most important design tool for earthquake loads (R), 

which displays the anticipated inelasticity level in structural systems. 

The primary purpose of earthquake engineering is to design a system that can endure an 

earthquake without completely collapsing, but with significant damage. Similarly, the structure can be 

tolerated considerably lower base shear pressures than if it kept elastic under intense shaking 

The relationship between a structure's base-shear and its roof displacement, as well as the formulation 

of several components of over-stretching factors that may be determined using a nonlinear static 

analysis, has been [5], as shown in Figure 1 

 
Figure 1: Elastic and inelastic systems' force displacement responses [5] 

 

The major sources of such significant reductions are the Response modification factor, that 

decreases the elastic needed stress to the structure's yield of the structure, and over strengthing factor, 
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which compensates for the over-strength contained in structural design code. As a result, response 

modification (R) has the following definition: 

R =  Rμ x Ω (1) 

2.1. Factor of over-strengthening 

The over-strength factor is defined as the ratio of actual to design level strength, represented as         

               Ω =   Vy / Vd           (2) 

Vd is the design strength, whereas Vy is strength in yield stage.  

The main stream of building over-strengthening includes sequential yield of major aspects, material 
over-strength, strain hardness, capacity reduction factors, element size, non-structural properties, and 
specialized ductile details. Elnashai and Mwafy [18]; Rodrigues et al. [19]. 

 
2.2.  Ductility Reduction Factor Rμ  

 

  The deformation ductile ratio, “μ”, FEMA-451 [5], defines amount of in-elastic action of the structural 

system experiences when exposed to a specific ground movement or lateral stress. 

A structure's inelastic acting can be described as: 

Rμ =  Δu / Δy (2) 

As Response reduction factor is the ratio of ductility of deformations, u defined as ultimate 

deformation, and y is yielding deformation. 

An idealization of the capacity curve is used to determine yielding displacement and base shear 

in yield stage. 

Factor that reduces the ductility of a material R is influenced by structural properties including ductility 

of the system, damping of the structure, and basic period of vibration (T), as well as seismic ground 

motion characteristics (Maheri and Akbari [20]. In order to determine the Response modification factor, 

researchers provided different formulas, including R, Newmark, and Hall [21]. The formulation 

proposed by Newmark and Hall [21] is used in this investigation. 

Rµ = 1.0                                                                                             T ≤ 0.03 (3) 

Rµ = 1 +
(𝑇−0.03).(√(2µ−1)−1)

0.09
                                                  0.03 < T < 0.12 (4) 

Rµ = √(2µ − 1)                                                                     0.12 ≤ T ≤ 0.5 (5) 

Rµ = √(2µ − 1) + 2(T − 0.5) × (µ − √(2µ − 1))               0.5 < T < 1.0 (6) 

Rµ = µ                                                                                               T ≥ 1.0 (7) 

Where µ is the displacement ductility and Rµ is the ductility reduction factor. 

The target displacement 𝛿𝑡   is calculated from the idealized pushover curve, which can be 

estimated using ASCE 41-13 [22] coefficient method through the following relation: 

 

∆u=  𝛿𝑡 =  𝐶0C1C2C3Sa

Te
2

4π2
g (8) 

𝐶 0: 𝑠𝑝𝑒𝑐𝑡𝑟𝑎𝑙 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝑜𝑓 𝑎𝑛 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑆𝐷𝑂𝐹 𝑠𝑦𝑠𝑡𝑒𝑚 𝑡𝑜 𝑟𝑜𝑜𝑓 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 

 𝑀𝐷𝑂𝐹 𝑠𝑦𝑠𝑡𝑒𝑚. 

𝐶 1: 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 𝑡ℎ𝑎𝑡 𝑟𝑒𝑙𝑎𝑡𝑒𝑠 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑖𝑛𝑒𝑙𝑎𝑠𝑡𝑖𝑐 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡𝑠 𝑡𝑜 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡𝑠 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑓𝑜𝑟  

𝑎 𝑙𝑖𝑛𝑒𝑎𝑟 𝑒𝑙𝑎𝑠𝑡𝑖𝑐 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒. 

𝐶 2: 𝑎 𝑚𝑜𝑑𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑡ℎ𝑎𝑡 𝑎𝑐𝑐𝑜𝑢𝑛𝑡𝑠 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑒 𝑜𝑓 𝑠𝑞𝑢𝑒𝑒𝑧𝑒𝑑 ℎ𝑦𝑠𝑡𝑒𝑟𝑒𝑡𝑖𝑐 𝑓𝑜𝑟𝑚,  

𝑠𝑡𝑖𝑓𝑓𝑛𝑒𝑠𝑠 𝑙𝑜𝑠𝑠, 𝑎𝑛𝑑 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑙𝑜𝑠𝑠 𝑜𝑛 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒. 
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𝐶 3: 𝑎 𝑚𝑜𝑑𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑡ℎ𝑎𝑡 𝑎𝑐𝑐𝑜𝑢𝑛𝑡𝑠 𝑓𝑜𝑟 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒𝑑 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡𝑠 𝑐𝑎𝑢𝑠𝑒𝑑 𝑏𝑦 𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑃

− 𝑒𝑓𝑓𝑒𝑐𝑡𝑠. 

Sa: The damping ratio of the structure system in the interest direction, as well like acceleration of 

response spectrum at the effective fundamental period. Gravitational acceleration is denoted by the letter 

g. 

Te: In seconds, the building's effective fundamental duration with in direction under concern. 

 

2.3.  Provision of R Factor in International Codes.  

Based on the type of building and the structure's ductility grade, the value of the response modification 

factor in different codes and guidelines ranges from 1.8 to 4.74. The value of Response reduction 

factor for Elevated Water Tanks as defined in IBC 2000 [23], FEMA 368 [24], ACI 350-3 [25], 

AWWA-D100 [26], Eurocode-8 [4], IS 1893-2 [11], and ECP 201[1] are shown in Table 1. 

 

Table 1 : The amount of Response modification adopted in most international codes for Elevated R.C. Water 

Tanks. 

Codes Response Modification 

Factor, R 

1. IBC 
 

Supported on Braced and un-Braced legs  3 

Supported on Structural Tower similar to buildings 3 

2. FEMA 368 
 

Pedestal supported Tanks  2-3 

3. ACI 350-3 2-4.75 

4. AWWA - D100  2-3 

5. Euro code 8 1.8-2 

6. IS-1893, Part2 4 

7. ECP 201 
 

Supported Framed Structure with limited ductility   1.8 

Supported Framed Structure with sufficient ductility   2.5 

 

3. NONLINEAR STATIC PUSHOVER ANALYSIS  

The current study used nonlinear static pushover analysis to determine the RC's global limit states. In 

terms of horizontal displacement and force level, elevated staged liquid tanks. In this study, the growing 

forcing function is imposed on a structural Finite Element model in terms of horizontal displacements. 

When the target displacement or final limit state is attained, the analysis is finished. During an 

earthquake, the target displacement represents the maximum building displacement. This type of 

analysis can determine the building's maximal strength and deformation capacity. They also aid in the 

detection of any soft elements in the structure. 

In general, nonlinear static analysis is incorporated into the following steps: 

Step 1: Create a three-dimensional computerizing model in program. 

Step 2: Apply gravitational forces and static lateral forces or deformations in a way that estimate the 

comparative frictional forces generated at significant mass sites or when each floor's mass is clustered 

together in the model. 

Step 3: Use load pattern case from step 2, move the structure to aimed deformation level. (i.e., the 

destination node's deformation reaches the target deformation). 

Step 4: Calculates each element's forces and deformations at the displacement level that corresponds to 

the intended displacement. 

Step 5: Plot the top displacement versus the base shear. 

Performance based seismic design is an alternative approach for analysis and design of buildings. 

Different codes and standards allow the use of this alternative procedures which based on a well-
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established principle in design and analysis. To obtain a more refined structural behavior incorporating 

inelastic analysis it is necessary to present the structural seismic response and adequately account for 

damage loss in both structural and nonstructural elements during earthquakes. 

 

Buildings with established risk and durability standards are produced using performance-based 

design.  (FEMA 356 [6] and ATC 40 [8]). The main goal is to keep the structure from collapsing 

completely. This means that the higher level will not collapse completely (collapse prevention); the 

lower level will be somewhat damaged but will be safe to occupy immediately (IO). There is a Life 

Safety (LS) level that exists between the lower and upper levels. The nonlinear load deformation relation 

must be defined according to FEMA's nonlinear procedures. Figure 2 shows such a curve. 

 

 

a)  . 

 

b)  

Figure 2: The typical load–deformation relationship, as well as the desired performance levels [27]. 

 

 (A, B, C, D, and E) are utilized to characterize the hinge movement behavior of Reinforced 

concrete components, during FEMA. There are elements define the hinge's approval standards: instant 

occupancy (IO), life safety (LS), and collapse prevention (CP). The illustrated damage for concrete 

frames at various levels of structural performance, as indicated in ASCE, 2017b [27]. 

 
4. Verification Application 

 
To ensure the exact understanding of the algorithm and application of Nonlinear Static pushover 

analysis to elevated water tanks, one of the previously investigated elevated tanks by Kashyap P, Amin 

J A [28], which studied this tank through wide investigation of elevated tanks considering the soil 

flexibility, is examined in this research. The investigated tank has a height of 18 meters, capacity 140 

m3 and number of columns is six, the seismic zone is zone 3, the soil type is medium which chosen in 

the current application as soil type (C), the full details of the verification case study model data is 

described in reference [28]. 

The Elevated Tank configuration is shown in Figure 3. The comparison between the studied case 

results [28], and the present application of SAP2000, to verify the understanding of the Pushover 

Nonlinear Analysis is demonstrated in Figure 4 and Table 2. The results show acceptable agreement for 

the values of response Modification Factor and its components. 
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               Figure 3: Configuration of studied Elevated Water Tank [28]. 

 

 

Figure 4: Base shear verses Top displacement  

 

 

 

Table 2: R values obtained from SAP2000 and Ref. [28]. 

Column1 T (Second) Deformation 

yield 

Deformation 

Ultimate 

Base Shear 

Yield 

Base shear 

Ultimate 

( R ) 

Reference 

[28] 

1.36 0.078 0.281 30 35 4.203 

Present 

application 

1.68168 0.0574 0.237 30.64 32.513 4.380 
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5. PARAMETRIC STUDY FOR RESPONSE MODIFICATION FACTOR OF 

ELEVATED WATER TANKS 

 

In this part of the current study, elevated tanks with two different configuration of columns 

(vertical and inclined), 3 different heights ,3 different capacities, 3 different seismic zones and two types 

of response spectrum functions as per Egyptian code of loads, ECP201 [1]. The main characteristics 

parameters of the studied tanks in the present work are summarized in the Figure [5] and table [3]. 

 

 
(a) Vertical Tank 

 
(b) inclined tank with 11.31 degree 

 

Figure 5: Configurations of studied Elevated water Tank with vertical and inclined columns. 

 

 

 

 

 

Table 3: different parameters of the studied elevated tanks. 

Number of 

studied 

Models  

Seismic Zones Vertical 

Alignment 

of columns 

Tanks 

Capacities 

(ton) 

Heights 

(H) 

Response 

spectrum Types 

108 Z3-Z4-Z5 Vertical(V) 

Inclined (I) 

50-100-

150 

10-15-30 Type 1 

Type 2 

 

The parametric study matrix with all possible combinations results out 108 models for tanks. The 

108-case study with different parameters were designed according to the Egyptian codes for all the loads 

combinations to obtain an optimum design with stresses ratio between demands and maximum capacity 

about (0.80 – 0.90). This means that the concrete dimensions and the reinforcement ratio of the structural 

elements are not constant and it had to change to satisfy to target stresses ratio.  



EVALUATION OF RESPONSE REDUCTION FACTOR FOR REINFORCED CONCRETE ELEVATED WATER 

TANKS AND CODES, COMPARATIVE STUDY 

         48                                                                      JAUES.17.62.2022 

The side dimensions of square columns vary from 400 mm to 600 mm according to the height, 

tank volume, seismic zone. Also, the bonding beams, the floor thickness, the wall thickness as well the 

reinforcement ratio had to change to obtain optimum design. All of these tanks were designed to 

withstand both gravity and seismic loads as specified by ECP 201 [1].  Table 4 summarize the average 

characteristic values for all the design data for 108 studied cases of tanks. 

 

 

Table 4: Average Dimensions and Reinforcement of all cases of study. 

Structural 

Element  

Dimensions & 

Raft. 

Fcu = 400kg/cm² , Avg. Dimension and Avg. Raft. 

Vertical Columns  Inclined Columns ( 11.31° ) 

H=10m  H=15m H=30m H=10m H=15m H=30m 

 

 

Columns 

Dimensions 

(mm)  

500*500 500*500 500*500 500*500 500*500 500*500 

Main 

Reinforcement 

10T20 , 

12T16 , 

14T16  

10T20 , 

14T16 , 

16T16  

10T20, 

14T16, 

16T16  

10T20 , 

12T16 , 

14T16  

10T20 , 

14T16 , 

16T16  

10T20 , 

14T16 , 

16T16  

Stirrups  Y8 @100 Y8 @100 Y8 @100 Y8 @100 Y8 @100 Y8 @100 

 

 

 

 

Beams 

Dimensions 

(mm)  

300*700 300*700 300*700 300*700 300*700 300*700 

Bottom  

Reinforcement 

2T16 , 5T16 

, 6T16 

3T16 , 6T16 

, 7T16 

4T16 , 7T16 

, 8T16 

2T16 , 5T16 

, 6T16 

3T16 , 6T16 

, 7T16 

4T16 , 7T16 

, 8T16 

Top 

Reinforcement 

2T16 3T16 4T16 3T16 3T16 5T16 

Stirrups Y8 @150 Y8 @150 Y8 @150 Y8 @150 Y8 @150 Y8 @150 

        

Tank 

Floor 

Thickness 

(mm) 

250 250 

  

250  250 250 250 

Reinforcement 7T12 , 6T16 

, 7T18 

7T12, 6T16, 

7T18  

7T12 , 6T16 

, 7T18 

7T12 , 6T16 

, 7T18 

7T12 , 6T16 

, 7T18 

7T12 , 6T16 

, 7T18 

 

 

Tank  

wall 

Thickness 

(mm)  

250,400,600  250,400,600 250,400,600 250,400,600 250,400,600 250,400,600 

 vertical 

Reinforcement  

7T12 , 6T16 

, 7T18 

7T12 , 6T16 

, 7T18 

7T12 , 6T16 

, 7T18 

7T12 , 6T16 

, 7T18 

7T12 , 6T16 

, 7T18 

7T12 , 6T16 

, 7T18 

horizontal 

Reinforcement 

5T12 , 5T16 5T12 , 5T16 5T12 , 5T16 5T12 , 5T16 5T12 , 5T16 5T12 , 5T16 

 

Performance based design are applied on the elevated tanks using Nonlinear static pushover 

analysis performed using SAP2000 Package, as per ATC-40 and FEMA 356. Plastic hinges are assigned 

at the locations where yielding is expected under seismic forces at both ends of the beams and columns 

with start and end relative distances of 0.05 and 0.95 respectively with (M3) type for beams and (P-M2-

M3) type for columns as per ASCE 41-13. Nonlinear static gravity load case; containing full values for 

each of own weight, super dead load and live load with zero initial condition, the mass source resulted 

from the gravity loads (Dead Load + Super Dead Load + Live Load) are employed. Nonlinear static 

pushover load cases in global X-Direction with static lateral load pattern is applied to the structure starts 

from the end of the nonlinear gravity load case with target displacement equal 4% from the total building 

height.  
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6. RESULTS AND DISCUSSION 

For each one of the 108 studied tanks, and after performing the optimum design cycle followed 

by the pushover analysis, the relation between the maximum base shear can sustained by the tanks and 

the maximum top displacement are obtained and plotted inherently through SAP2000. It should be taken 

into consideration that the structure had passed through the three performance levels (IO-LS-CP), as per 

ATC-40, the components of Response Modification Factor (R), which consist of the over-strength factor 

(Ω) and ductility reduction factor (Rμ) are calculated.  

 

For the purpose of quantitative  evaluation of the obtained results, the R values for the studied 

cases are collected on the bar charts demonstrated in Fig. 6 to Fig. 11 for response spectrum type 1 and 

from Fig. 12 to Fig. 17 for response spectrum type 2. Each family of these curves covers the tanks height, 

capacity, seismic zones and vertical configuration. From these graphs, the values of R factors obtained 

for type 1 spectrum functions is a higher than type 2 considering the rest of the four parameters are kept 

unchanged.  

 

The results shown that in general for all seismic zones, the increasing of height of tanks, 

decreasing the value of R Factor. Also, the capacity effect of the tanks results in an increase of the R 

factor, as the increase of mass and weight require a bigger columns cross section to maintain the safety 

levels for design purpose.  

 

The inclination of the tank-columns results in a little decrease in the R value which is 

understandable due to the effect of normal forces which raise the cross-section capacity. Also, as a 

quantitative  analysis of the results, as the seismic ground acceleration increase, the R factor increase 

which due to the fact that the cross sections have a higher capacity. 

 

Finally, it’s important to highlights that the values of R factors are higher than the recommended 

values in the different codes-(Table 1) ranging from 4-5, for studied low rise tanks (H=10 m) while for 

medium height studied tanks (H=15), these values ranging from 3-4, and for tanks of height (H=30), the 

R values are in the same range of the codes (ranging from 2-4), which explain the conservative values 

of R Factors recommended by most of the national and international codes.  

 

(N.B: The key number in graphs designate1 for Height 10 ms, 2 for Height 15 ms and 3 for Height 30 

ms).  
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Figure 6: Zone 3 Vertical Type 1 R-Factor value      Figure 7: Zone 4 Vertical Type 1 R-Factor value 

     
Figure 8: Zone 3 Inclined Type 1 R-Factor value         Figure 9: Zone 4 Inclined Type 1 R-Factor value

 
Figure 10: Zone 5 Vertical Type 1 R-Factor value         Figure 11: Zone 5 Inclined Type 1 R-Factor value 
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Figure 12: Zone 3 Vertical Type 2 R-Factor value      Figure 13: Zone 4 Vertical Type 2 R-Factor value 

     
Figure 14: Zone 3 Inclined Type 2 R-Factor value       Figure 15: Zone 4 Inclined Type 2 R-Factor value 

Figure 16: Zone 5 Vertical Type 2 R-Factor value         Figure 17: Zone 5 Inclined Type 2 R-Factor value 

7. CONCLUSIONS  

This research presents a comprehensive parametric study for the Response Modification Factor 

(R) for Elevated water tanks designed for seismic loads according to the ECP201 satisfying the optimum 
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design conditions. The 108 models studied using the pushover technique covers five main parameters 

controlling the seismic behavior of elevated tanks. The study outcomes indicates that the R values not 

constant for all heights, depending on the mass of water, also depends on the configuration of tank 

framing columns, seismic zones and no strong correlation with response spectrum functions types.  The 

study agrees with the most national and international codes for the R values for higher tanks but for low 

rise tanks, the current codes are conservative.  
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