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ABSTRACT: Long-term deflection in prestressed concrete is influenced by several factors, 

including shrinkage, creep, and the relaxation of the prestressing steel. While these factors are 

crucial for the serviceability of prestressed beams, concrete design codes often quantify their 

effects using simplified methods. This simplification raises concerns about the accuracy of 

long-term predictions. This paper evaluates the code-based long-term deflection of prestressed 

concrete beams and compares the results with the displacement method, which is regarded as 

a more accurate alternative for estimating the effect of shrinkage, creep, and relaxation on long-

term deflection. A sensitivity analysis was also conducted to determine the sensitivity of 

parameters to affect the long-term deflection. The results indicate that code-based methods 

(ACI 209R-92 and FIB 2010) give a lower estimation (within 4%) of deflection compared to 

the displacement method. This seemingly minor deviation may raise serious concerns in 

circumstances where tolerances are strict or structural integrity is critical. The sensitivity 

analysis identifies relative humidity as the most significant parameter affecting deflection. The 

outcome of this detailed study paved the way to properly select and utilize shrinkage and creep 

models, taking into consideration the key contributing factors affecting the long-term 

deflection. 
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1. Introduction 

In the design of reinforced concrete buildings, the susceptibility of concrete elements to 

cracking, attributed to the material’s low tensile strength, can be mitigated by providing 

adequate reinforcements. Other design parameters, such as the deflection limits, are typically 

addressed by adjusting the dimension of the reinforced concrete elements. The application of 

reinforced concrete in long-span beams presents challenges due to significant internal stresses 

and deflections (Kristiawan and Nugroho, 2017). To address these issues, prestressing forces 

are introduced to reduce tensile stresses in the concrete, thereby minimizing cracking and 

excessive deflection (Gilbert, 2001). 

A literature review on the deflection of reinforced concrete beams identifies key variables 

affecting deflection behavior, categorized into structural and material factors. Structural factors 

include the reinforcement ratio (Peng et al., 2025), reinforcement lap splice (El-Azab and 

Mohamed, 2014), and tension stiffening (Teng et al., 2022). Other researcher noted that a 

modification of shear reinforcement can also improve the flexural capacity and ductility (Bello 
et al., 2024; Ghoniem et al., 2024). On the material side, the mechanical characteristics of 

concrete and steel significantly influence the RC beam's deflection. For example, utilizing 

high-strength steel reinforced ultra-high-performance concrete (HSSRUHPC) yields a different 

short-term flexural stiffness calculation method to account for the constraining effect of high-

strength steel sections on ultra-high performance concrete (UHPC) and the tensile properties 

of UHPC (Peng et al., 2025). Meanwhile, creep and shrinkage are the relevant material 

properties that influence deflection in the long term (Fang et al., 2021).   

A significant challenge in the long-term performance of prestressed beams is the loss of 

prestress, primarily due to concrete shrinkage, creep, and steel relaxation. These phenomena 

can alter the stress–strain relationship and deflection of the beams, potentially compromising 

serviceability  (Han et al., 2023a; Zhang et al., 2023). While concrete design codes provide 

guidelines for accounting for shrinkage and creep effects, the simplified calculations prescribed 

in these codes may not consistently yield optimal design solutions. 

Utilizing codes as a reference for predicting creep and shrinkage aids engineers in estimating 

their impact on long-term deflection. These deflection estimations enable designers to assess 

whether the design of reinforced concrete or prestressed concrete beam elements conform to 

serviceability requirements. Codes developed by the American Association of State Highway 

and Transportation Officials (AASHTO), the American Concrete Institute (ACI), the European 

Committee for Standardization, the Fédération Internationale du Béton (fib), and the Comité 

Européen du Béton (CEB) are widely recognized and implemented across continents. Several 

countries have adopted these codes, modifying them to align with their regulatory frameworks. 

For instance, Indonesia has integrated the ACI standards into its National Standard for concrete 

structures. This adaptation helps local construction engineers and practitioners stay aligned 

with cutting-edge developments in global best practices and ensures that national standards 

maintain coherence with internationally accepted methodologies. Based on the study by 
Shurbert-Hetzel et al., 2023, the uncalibrated ACI model exhibited significantly better 

performance than the other five models evaluated. This enhanced effectiveness can be 

attributed to the comprehensive array of parameters utilized (10 input variables) and the 

inclusion of the integrated tuning time-ratio constant inherent to the ACI 209 model. However, 



 

 

all the uncalibrated prediction models for creep and shrinkage still produce large deviations, so 

calibrated models are needed to improve the predictions (Shurbert-Hetzel et al., 2023).  

One crucial aspect to consider when selecting models for predicting shrinkage and creep is, 

in addition to their accuracy, their simplicity. The ACI 209R-08 model emerged as a good 

option. Even though it requires multiple inputs, it involves a few simple calculation steps. As 

a result, the ACI 209R-08 model may be the first choice for conducting shrinkage and creep 

analyses in practical applications. The CEB-FIP 1990 model shares the same inputs related to 

environmental factors as the ACI 209 model but varies in the extent and detail of the concrete 

mix factors it considers. Hence, CEB-FIP 1990 can be a good alternative for comparison 

purposes. 

Once the effects of creep and shrinkage are determined, their impact on the long-term 

deflection of reinforced or prestressed concrete beams can be evaluated using code-based 

methods such as the ACI 209R-92 approach or the FIB 2010 model, among others. Each 

method possesses unique characteristics relevant to the behavioral analysis of concrete 

structures. The ACI 209R-92 provides a clear and empirically validated framework, making it 

suitable for a wide range of applications. However, the dependency on the linearity can 

constrain its precision when assessing structures characterized by complex geometries and a 

significant intensity of cracks. The FIB 2010 model adopts a more advanced approach, 

incorporating factors such as temperature and concrete age, which enables more precise 

calculations under challenging conditions. Nevertheless, this increased accuracy comes with 

added complexity; it requires more data and may present greater challenges in implementation 

compared to the ACI 209R-92. Meanwhile, the non-code-based displacement method excels in 

analyzing structural displacements and deformations, successfully accommodating complex 

behaviors such as those caused by dynamic loads. However, its technical intricacies and need 

for detailed assumptions and datasets can complicate its application, particularly in larger 

projects or when information is limited. As such, selecting the appropriate method depends on 

the project's specific requirements and the desired accuracy level. ACI 209R-92 is a pragmatic 

choice for simpler scenarios or static analyses due to its user-friendly nature. In contrast, for 

projects that demand greater precision and need to account for extreme environmental 

conditions, the FIB 2010 model is more suitable. While the displacement method is complex, 

it is invaluable for analyzing structures subject to significant variations or dynamic influences. 

Ultimately, engineers should align their method selection with the project's complexity, data 

availability, and accuracy requirements in concrete structure design. 

This study aimed to evaluate the long-term deflection of prestressed beams caused by 

shrinkage, creep, and steel relaxation, as defined by two design codes. The analysis began with 

an examination of the shrinkage, creep, and relaxation properties of prestressed concrete 

materials, based on ACI 209R-08 and CEB-FIP 1990. The creep and shrinkage estimated by 

these two models were subsequently applied to estimate long-term deflection using simplified 

code-based models, specially ACI 209R-92 and FIB 2010. An alternative approach employing 

the displacement method was proposed to assess the accuracy of the code-based deflection 

(Reybrouck et al., 2020). Furthermore, this current study will provide more benefits by 

analyzing the sensitivity of long-term deflection to factors affecting shrinkage, creep, and 

relaxation in prestressed beams (Cui and Wu, 2024; Yang et al., 2020). The findings of this 

study provide a valuable reference for evaluating the design efficiency of prestressed beams 

with respect to their long-term deflection performance (Aili and Torrenti, 2020; Zhang and 
Hamed, 2020; Zhou et al., 2022; Zhu et al., 2020). 



 

 

2. Shrinkage, Creep, and Relaxation Models 

Concrete shrinkage occurs due to the evaporation of internal water, driven by the humidity 

gradient between the wet concrete and its surrounding environment. This process begins after 

the concrete has cured, with shrinkage occurring rapidly during the initial stages of drying and 

gradually slowing as the drying process progresses. Shrinkage leads to a reduction in concrete 

dimensions, which consequently diminishes the prestressing force. Another time-dependent 

deformation observed in concrete is creep, characterized by the gradual deformation of the 

material under sustained stress. This phenomenon arises from the viscoelastic properties of 

concrete, which cause it to gradually deform and shorten under constant stress. Creep results 

in a reduction of the prestressing force and an increase in the deflection of the structure over 

time. Various concrete design codes, including ACI 209R-08 and CEB-FIP 1990, offer models 

to estimate the behavior of creep and shrinkage in concrete. 

  

2.1. ACI 209R-08 Model 

ACI 209R-92 defines notional coefficients to estimate the creep and shrinkage behaviors 

of concrete based on its material properties and environmental factors. The model takes into 

account several factors, including relative humidity, surface-to-volume ratio, slump, fine 

aggregate content, cement content, air content, and the initial moisture curing conditions, when 

estimating shrinkage strain. The simplified calculation for shrinkage characteristics can be 

derived from the formula presented in Eqs. (1). 

(𝜀𝑠ℎ)𝑡 =
𝑡

35+𝑡
(𝜀𝑠ℎ)𝑢   (1) 

where t is the age of concrete in days and (𝜀𝑠ℎ)𝑢is the ultimate shrinkage. 

The creep coefficient is influenced by factors such as the age at the time of loading, 

environmental relative humidity, member size, slump, fine aggregate content, and air content. 

The simplified calculation for creep characteristics can be derived from the following equation. 

∅𝑡 =
𝑡0,60

10+𝑡0,60
∅𝑢  

 (2) 

where, t is the age of the concrete in days and ∅𝑢 is the ultimate creep.  

 

2.2. CEB-FIP 1990 Model 

The shrinkage and creep models based on CEB-FIP 1990 were developed from extensive 

empirical research and testing. The model takes into account factors such as concrete age, 

drying time, relative humidity, volume-to-surface ratio, cement type, and compressive strength 

to estimate shrinkage strain. The shrinkage model is presented in Eqs. (2). 

(𝜀𝑐𝑠)𝑡 = 𝜀𝑐𝑠𝑜 𝛽𝑠(𝑡 − 𝑡𝑠)   (3) 

where 𝜀𝑐𝑠𝑜 is the notional shrinkage coefficient, 𝛽𝑠 is the coefficient that describes the 

development of shrinkage with time, t is the age of concrete in days, and 𝑡𝑠 is the age of 

concrete (days) at the beginning of shrinkage. 



 

 

The creep coefficient is predicted by considering factors such as concrete age, time of 

loading, relative humidity, volume-to-surface ratio, cement type, and compressive strength. 

The model for predicting the creep coefficient is given by 

∅𝑡 = ∅0𝛽𝑐(𝑡 − 𝑡0)  (4) 

where ∅0 is the notional creep coefficient and 𝛽𝑐 is the coefficient that describes the 

development of creep with time after loading. 

 

2.3. Steel Relaxation 

Steel relaxation in prestressed concrete occurs as a result of sustained tensile force, leading 

to a loss of prestress over time. This relaxation process is evaluated by considering both short- 

and long-term relaxation losses. The formula for calculating steel relaxation in prestressed 

concrete is derived from a combination of empirical methods and theoretical analysis. 

Additionally, factors such as temperature and humidity are considered in the calculation of steel 

relaxation, which may require adjustments to the formulas to account for specific conditions in 

prestressed concrete. Furthermore, a reduction coefficient is applied to modify the stress loss 

values based on the ratio of the initial stress to the yield strength of the steel. This approach 

enables the adaptation of the formula to accommodate various types of prestressing steels with 

different material characteristics.  

Using this method, the steel relaxation formula can be incorporated to predict the loss of 

prestressing force, which aids in the safety and serviceability design of prestressed concrete 

structures. The simplified calculation for steel relaxation can be performed using Eqs. (3). 

∆𝜎𝑝𝑟

𝜎𝑝0
= −

𝑙𝑜𝑔 (𝜏 − 𝑡0)

45
(
𝜎𝑝0

𝑓𝑝𝑦
− 0.55) 

(5) 

where 𝜏 represents the time since prestressing was applied, 𝑡0 is the initial time at which 

prestressing was applied, 𝜎𝑝0 is the tendon tensile stress due to prestress, and 𝑓𝑝𝑦 is the yield 

stress of the steel. 

3. Long-term deflection 

Code-based deflection formulas are simplified methods that integrate the fundamental 

principles of structural mechanics with simplified analytical techniques. Beam stiffness plays 

a critical role in determining the extent of deflection under applied loads. By calculating the 

stiffness using the modulus of elasticity and moment of inertia of the cross-section, the 

deflection of a beam can be estimated using these code-based formulas. ACI 209R-92 and FIB 

2010 are examples of code-based deflection methods that will be evaluated in this study. Both 

methods rely on a set of assumptions and simplifications to provide straightforward procedures 

for calculating deflection more rapidly. However, this approach may reduce accuracy, 

particularly when addressing the complexities of long-term phenomena such as shrinkage and 

creep. 

More precise deflection calculations can be achieved using the displacement method. This 

method derives the deflection formula through an analytical approach that integrates the 

principles of structural mechanics and elasticity theory. It adheres to the fundamental principles 



 

 

of equilibrium, displacement relationships, and the deformation compatibility to establish a 

system of equations. By employing this approach, the deflection formula provides a more 

accurate estimation of the structural deformation. The accuracy of the displacement method 

has been confirmed by an agreement between the long-term estimated and experimental 

deflection (Reybrouck et al., 2020). 

 

3.1. Long-term Deflection Based on ACI 209R-92 

In general, the deflections in prismatic members subjected to uniformly distributed loads 

can be computed using (ACI 209R-92, 1997) in Eqs. (4). 

𝑎𝑚 = 
5ℓ2

48 𝐸𝐼
[𝑀𝑚 +

1

10
(𝑀𝐴 +𝑀𝐵)]  (6) 

where 𝑎𝑚 is the deflection at midspan, ℓ  is the span length, E is the modulus of elasticity, and 

I is the moment of inertia. The moments 𝑀𝑚, 𝑀𝐴, and 𝑀𝐵, correspond to the midspan and 

moments at the two ends, respectively. For general loading and boundary conditions, Eqs. (6) 

can be expressed as Eqs. (7) to estimate short-term deflections,  (𝑎𝑖)𝐷 due to dead loads at the 

onset of loading. 

(𝑎𝑖)𝐷= ξ𝑀𝐷ℓ
2/𝐸𝑐𝑖𝐼𝑒  (7) 

where ξ is a deflection coefficient, 𝑀𝐷 is the moment due to dead load, ℓ is the span length, 𝐸𝑐𝑖 
is the modulus of elasticity of the concrete at the time of initial load, and 𝐼𝑒 is the effective 

moment of inertia. The effective moment of the area is used in the equation to predict the 

occurrence of cracking in the beams due to the applied load. The short-term deflection 

represents the initial response of the beam under loading. Subsequently, additional long-term 

deflections resulting from creep are superimposed using Eqs. (5). 

(𝑎𝑡)𝐷 = ξ
𝑟
𝑣𝑡(𝑎𝑖)𝐷 (8) 

where ξ
𝑟
 is reduction factor that accounts for the effects of compression steel, the movement 

of neutral axis, and progressive cracking in reinforced flexural members, and 𝑣𝑡 refers to the 

creep coefficient at any given time. The deflection due to creep, as given in Eqs. (8), suggests 

that it is proportional to the initial dead-load deflection, (𝑎𝑖)𝐷. Meanwhile, another time-

dependetn deflection resulting from shrinkage warping can be calculated using is Eqs. (6). 

𝑎𝑠ℎ = ξ
𝑤
𝜙𝑠ℎℓ

2 (9) 

where ξ
𝑤

 is a deflection coefficient that accounts for boundary conditions, 𝜙𝑠ℎ is the curvature 

due to shrinkage warping, and ℓ is the span length. Finally, the deflection due to the live load 

can be calculated using Eqs. (7). 

(𝑎𝑖)𝐿= (𝑎𝑖)𝐷+𝐿 − (𝑎𝑖)𝐷
𝐸𝑐𝑖
𝐸𝑐

 
(10) 



 

 

where (𝑎𝑖)𝐷+𝐿 is the initial deflection due to both dead and live loads, (𝑎𝑖)𝐷 is the initial dead 

load deflection, and the ratio 
𝐸𝑐𝑖

𝐸𝑐
 represents the ratio of the elastic modulus of concrete at the 

time of initial loading to its elastic modulus at service loading. For a prestressed member, 

additional deflection should be considered, for example, the deflection caused by the 

prestressing cables. In the cable trajectory forms a parabola, the deflection can be calculated 

using Eqs. (8). It should be noted that the deflection due to the prestress force tends to cause 

the beam to bend upwards. To account for the loss of prestressing force, Eqs. (9) is used: 

𝑎1 = 
5𝑃𝑖𝑒𝐿

2

48 𝐸𝐼
  (11) 

𝛿𝑝𝑖 = [−
∆𝑃

𝑃𝑖
+ (𝐾𝑟. 𝑣𝑡)𝑥 (1 −

∆𝑃

2𝑃𝑖
) 𝑎1] 

(12) 

where 𝑎1 is the deflection due to prestressing steel, Pi is the initial prestressing force, e is the 

eccentricity of the prestressing steel, E is the modulus of elasticity of the beam, L is the span 

length of the beam, I is the moment inertia of the beam, 𝐾𝑟 represent a coefficient related to 

resistance or stiffness, 𝑣𝑡 is creep coefficient, and ∆𝑃 is the change in prestress force at time t. 

Thus, in general, the total deflection of a prestressed concrete member at any time is given by 

Eqs. (10). 

𝑎𝑡 = 𝑎1 + 𝛿𝑝𝑖⏞    
(1)

− [(𝑎𝑖)𝐷⏞  
(2)

+ (𝑎𝑡)𝐷⏞  
(3)

+ 𝑎𝑠ℎ⏞
(4)

+ (𝑎𝑖)𝐿⏞  
(5)

] 

(13) 

where: 

Term (1) represents the initial load deflection due to the prestressing, as given by Eqs. (11) and 

(12) 

Term (2) represents the initial dead-load deflection, as given by Eqs. (7) 

Term (3) represents the creep deflection due to dead-load, as given by Eqs. (8) 

Term (4) represents the deflection due to shrinkage warping, as given by Eqs. (9) 

Term (5) represents the live-load deflection, as given by Eqs. (10). 

The ACI 209R-92 method offers a straightforward and practical approach for calculating 

long-term deflections in prestressed concrete beams; however, it has certain limitations that 

may hinder its performance in cases involving modern concrete mixtures, extreme 

environmental conditions, or complex loading histories. This method was developed based on 

data from normal-strength concrete, specifically up to 40 MPa. The method may either 

underestimate or overestimate long-term deflections for high-strength concrete or 

contemporary mixtures that include supplementary cementitious materials such as fly ash or 

silica fume. Additionally, it assumes standard environmental conditions, typically around 40% 

relative humidity and 20oC temperature. Predictive deflections may vary significantly from 

actual behavior under extreme conditions—such as very dry or humid climates. The method 

also fails to consider loading history, which is critical in variable or cyclic loading scenarios. 

Furthermore, it assumes that sections remain uncracked or only lightly cracked, which may 

lead to underestimating deflections in beams experiencing significant cracking, particularly 

under high service loads. 

3.2. Long-term Deflection Based on Fib Model 2010 

The Prediction of deflection according FIB 2010 Model is expressed in Eqs. (11). 



 

 

𝑎 = 𝜁𝑎𝐼𝐼 + (1 − 𝜁)𝑎𝐼 (14) 

where 𝑎 is the deflection, 𝑎𝐼 , 𝑎𝐼𝐼 are the deflection values calculated for the uncracked and fully 

cracked conditions respectively, and 𝜁 is an interpolation coefficient (allowing for the effect of 

tension stiffening at a section) given by expression in Eqs. (12). 

𝜁 = 1 − 𝛽 (
𝜎𝑠𝑟
𝜎𝑠
)
2

 
(15) 

where 𝛽 is a coefficient that accounts for the influence of the duration of loading or repeated 

loading on the average strain, 𝜎𝑠𝑟 is the stress in the tension reinforcement calculated based on 

a cracked section under the loading conditions that cause first cracking, and 𝜎𝑠 represents the 

stresses in the tension reinforcement and is calculated based on a cracked section under the 

applied load. For loads with a sufficiently long duration to cause creep, the total deformation 

including creep, is calculated using the effective modulus of elasticity of concrete, as given in 

Eqs. (13). 

𝐸𝑐,𝑒𝑓𝑓 =
𝐸𝑐𝑚
1 + 𝜑

 
(16) 

where 𝐸𝑐𝑚 is modulus of elasticity for concrete and 𝜑 is the creep coefficient corresponding to 

the load and time interval. The deformation of a reinforced concrete beam due to a sustained 

load can be expressed in terms of the flexural curvature, as given by Eqs. (14). 

1

𝑟𝑛
= 𝜁

𝑀

𝐸𝑐,𝑒𝑓𝑓𝐼𝑐
+ (1 − 𝜁)

𝑀

𝐸𝑐,𝑒𝑓𝑓𝐼𝑢
 

(17) 

where M is the bending moment due to the applied load, 𝐸𝑐,𝑒𝑓𝑓 is the effective modulus of 

elasticity of concrete considering the long-term duration of the load (sustained load), 𝜁 is an 

interpolation coefficient, 𝐼𝑐 is the second moment of area for cracked condition, and 𝐼𝑢 is the 

second moment of area for uncracked condition. The effect of shrinkage on curvature can be 

assessed using Eqs. (15). 

1

𝑟𝑐𝑠
= 𝜀𝑐𝑠. 𝛼𝑒 .

𝑆

𝐼
 

(18) 

where 1/𝑟𝑐𝑠 is the curvature due to shrinkage, 𝜀𝑐𝑠 is the free shrinkage strain, S is the first 

moment of the area of reinforcement about the centroid of the section, I is the second moment 

of the area of the section, and 𝛼𝑒 is the effective modular ratio= 𝐸𝑠/𝐸𝑐,𝑒𝑓𝑓. Hence, the total 

curvature due to the applied load, creep, and shrinkage can be calculated using Eqs. (16). 

1

𝑟𝑡
=
1

𝑟𝑛
+
1

𝑟𝑐𝑠
 

(19) 



 

 

where 
1

𝑟𝑛
 is the flexural curvature and 

1

𝑟𝑐𝑠
 is the shrinkage curvature. After obtaining the total 

curvature, the deflection due to the load, creep, and shrinkage can be calculated using Eqs. 

(17). 

𝛿 = 𝐾𝐿2
1

𝑟𝑡
 

(20) 

where K is the bending moment, L is the span length, and 
1

𝑟𝑡
 is the total curvature. For a 

prestressed member, the deflection caused by the initial prestressing force and the subsequent 

loss of prestressing force can be calculated using Eq.( 21) and (22), as described in the previous 

subsection. Finally, to calculate the long-term deflection, accounting for the applied load, 

shrinkage, creep, and relaxation of steel (FIB - Federation Internationale du Beton, 2013), 

Eq.(21) can be used:  

𝛿𝑡𝑜𝑡𝑎𝑙 = 𝑎1 + 𝛿𝑝𝑖 − 𝛿 (21) 

Here, 𝑎1 is the deflection due to the prestressing force, 𝛿𝑝𝑖 is the deflection due to loss of 

prestressing force, and 𝛿 is the deflection due to load, creep, and shrinkage. 

The FIB 2010 model is a more advanced tool than ACI 209R-92 for estimating long-term 

deflections in prestressed concrete beams. However, it has specific limitations, particularly 

concerning its complexity, sensitivity to input parameters, and assumptions about material 

behavior and structural interactions. The model employs a multiplicative approach to combine 

the effects of creep and shrinkage, which can lead to inaccuracies when these effects interact 

nonlinearly. This approach is more intricate than the additive method used in simpler models, 

such as ACI 209R-92. Furthermore, while the FIB 2010 model includes supplementary 

cementitious materials (SCMs) like fly ash and slag, its predictions may not adequately reflect 

the distinct characteristics present in high-volume SCM mixtures or ternary blends. 

 

3.3. Long-Term Deflection Calculation According to the Displacement Method 

The displacement method for calculating deflection is based on an analytical approach that 

integrates the principles of structural mechanics and elasticity theory. This method utilizes the 

principle of equilibrium, transformation of the deflection equation under load, plays a critical 

role in the formula as it establishes the relationship between the internal forces and the resulting 

deformations. Stiffness is a key parameter in determining the extent of deflection caused by the 

applied load. Using these approaches, the deflection formula allows for an accurate estimation 

of structural deformation. The long-term deflection formula based on the displacement method 

is as follows: 

The first step is to determine the stress and strain at t0. The instantaneous axial strain at the 

center and curvature is expressed in Eqs. (22). 

{
Ꜫ𝑂(𝑡0)

𝛹 (𝑡0)
} =  

1

𝐸(𝐴𝐼−𝐵2)
[
𝐼 −𝐵
−𝐵 𝐴

] {
𝑁
𝑀
}
𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡

  
(22) 

where A, B, and I represent the area, first moment, and second moment of the transformed 

section at time t0, respectively; E is the modulus of elasticity of the concrete; N is the axial 



 

 

normal force; and M is the bending moment. The concrete stresses at the top and bottom fibres 

are given in Eqs. (23). 

𝜎𝑐(𝑡0) = 𝐸𝑐 (𝑡0)[Ꜫ𝑂(𝑡0) + 𝛹 (𝑡0)𝑦]  (23) 

where 𝐸𝑐 (𝑡0) is the age-adjusted modulus of elasticity of concrete; Ꜫ𝑂(𝑡0) is the instantaneous 

axial strain; 𝛹 (𝑡0) is the curvature immediately after prestressing, and y is the distance from 

the reference point O of the layer considered. The next stage is the change in stress and strain 

owing to creep, shrinkage, and relaxation. The age-adjusted elasticity modulus of concrete is 

given by Eqs. (24). 

𝐸𝑐̅̅ ̅(𝑡, 𝑡0) =
𝐸𝑐 (𝑡0)

1 + 𝜒𝜑
 

(24) 

where 𝐸𝑐 (𝑡0) is the modulus of elasticity of the concrete at the initial time t0. 𝜒 is the aging 

coefficient of concrete, and 𝜑 is the creep coefficient. The stress in the concrete at the top and 

bottom fibres when the strain due to creep and shrinkage is artificially restrained, is described 

in Eqs. (2518). 

𝜎𝑟𝑒𝑠𝑡𝑟𝑎𝑖𝑛𝑒𝑑 = −𝐸𝑐̅̅ ̅(𝑡, 𝑡0)[𝜑(𝑡, 𝑡0)Ꜫ𝑐(𝑡0) + Ꜫ𝑐𝑠] (25) 

where 𝐸𝑐̅̅ ̅(𝑡, 𝑡0) is the age-adjusted elasticity modulus of concrete, 𝜑(𝑡, 𝑡0) is the creep 

coefficient of concrete, Ꜫ𝑐(𝑡0) is the instantaneous strain, and Ꜫ𝑐𝑠 is the shrinkage strain. The 

restraining forces are expressed by Eqs. (26). 

{
∆𝑁
∆𝑀

}
𝑐𝑟𝑒𝑒𝑝

= −∑{𝐸̅𝑐𝜑 [
𝐴𝑐 𝐵𝑐
𝐵𝑐 𝐼𝑐

] {
Ꜫ𝑂(𝑡0)

𝛹 (𝑡0)
}}
𝑖

𝑚

𝑖=1

 
(26) 

The subscript I refers to the ith part of the section, and m is the total number of concrete parts. 

Aci, Bci, and Ici are respectively the area of concrete of the ith part and its first and second moment 

about an axis through the reference point O. 𝐸̅𝑐𝑖 𝑎𝑛𝑑 𝜑 are the age-adjusted modulus of 

elasticity and creep coefficient for concrete in the ith part. Ꜫ𝑂(𝑡0) and  𝛹 (𝑡0) are the 

instantaneous axial strain and curvature immediately after prestressing. The forces required to 

prevent shrinkage are given by Eqs. (27). 

{
∆𝑁
∆𝑀

}
𝑠ℎ𝑟𝑖𝑛𝑘𝑎𝑔𝑒

= −∑ {𝐸̅𝑐Ꜫ𝑐𝑠 [
𝐴𝑐
𝐵𝑐
]}
𝑖

𝑚
𝑖=1   

(27) 

where Ꜫ𝑐𝑠 is the free shrinkage for the period t0 to t, and Aci, Bci are respectively the area of 

concrete. The forces necessary to prevent strain due to the relaxation of the prestressed steel 

can be described by Eqs. (28). 

{
∆𝑁
∆𝑀

}
𝑟𝑒𝑙𝑎𝑥𝑎𝑡𝑖𝑜𝑛

= ∑ {
𝐴𝑝𝑠∆𝜎𝑝𝑟
𝐴𝑝𝑠𝑦𝑝𝑠∆𝜎𝑝𝑟

}
𝑖

   
(28) 



 

 

The subscript I in this equation refers to the prestressed steel layer. 𝐴𝑝𝑠 is its cross-sectional 

area and 𝑦𝑝𝑠 is its distance below the reference point O, and ∆𝜎̅𝑝𝑟 is the reduced relaxation 

during the period from t0 to t. Then, the change in the axial strain in the center and curvature is 

given by Eqs. (29). 

{
∆Ꜫ𝑂
∆𝛹 

} =  
1

𝐸̅𝑐(𝐴̅𝐼 ̅ − 𝐵̅2)
[ 𝐼
̅ −𝐵̅

−𝐵̅ 𝐴̅
] {
−∆𝑁
−∆𝑀

} 
(29) 

where 𝐴̅, 𝐵,̅ and 𝐼 ̅are the areas of the age-adjusted transformed section and its first and second 

moments about an axis through the reference point O. The stress that will develop during the 

period (t-t0) in concrete, non-prestressed steel, and prestressed steel are given in Eqs. (30), (31), 

and (32). 

∆𝜎𝑐 = 𝜎𝑟𝑒𝑠𝑡𝑟𝑎𝑖𝑛𝑒𝑑 + 𝐸𝑐̅̅ ̅(𝑡, 𝑡0)(∆Ꜫ𝑂 + 𝑦∆𝛹)  (30) 

∆𝜎𝑛𝑠 = 𝐸𝑛𝑠(∆Ꜫ𝑂 + 𝑦∆𝛹) (31) 

∆𝜎𝑝𝑠 = ∆𝜎𝑝𝑟 + 𝐸̅𝑝𝑠(∆Ꜫ𝑂 + 𝑦𝑝𝑠∆𝛹) (32) 

where 𝜎𝑟𝑒𝑠𝑡𝑟𝑎𝑖𝑛𝑒𝑑 is the stress in the restrained condition, 𝐸𝑐̅̅ ̅(𝑡, 𝑡0) is the age-adjusted modulus 

of elasticity, ∆Ꜫ𝑂 and ∆𝛹 are the axial strain and curvature, ∆𝜎𝑝𝑟 is the reduced relaxation 

during the period t0 to t, 𝐸𝑛𝑠 is the modulus of elasticity of non-prestressed steel, and 𝐸̅𝑝𝑠 is the 

modulus of elasticity of prestressed steel. The final stage of the displacement method was used 

to calculate long-term deflection. The formula for calculating the long-term deflection using 

the displacement method is shown in Eqs. (33). 

𝛿1 =
𝑙2

96
(𝛹1 + 10𝛹2 +𝛹3)  (33) 

where l is the span length of the prestressed beam and  𝛹1, 𝛹2, 𝛹3 are the total curvature. 

The displacement method presents several noteworthy advantages compared to traditional 

code-based approaches when calculating long-term deflections in prestressed concrete beams. 

This method is especially beneficial for handling complex geometrical configurations, 

accommodating nonlinear material behaviors, and incorporating time-dependent phenomena 

such as creep and shrinkage. Specifically, the displacement method allows for more accurate 

modeling of how various structural factors—like varying load conditions and support 

placements—affect deflections over time. However, it is essential to recognize that this 

technique has challenges. The need for precise assumptions regarding material properties and 

environmental influences can pose obstacles, especially in scenarios where data is scarce or 

incomplete. Thus, while the displacement method can enhance the precision of deflection 

predictions, its implementation demands careful consideration and comprehensive data 

management to ensure reliable outcomes in its applications. 

4. Methods  

4.1. The Investigated Prestressed Beam 



 

 

The sample used in this study was a prestressed beam with a span of 13.05 meter and 

dimensions of 350 x 700 mm, with a tendon duct consisting of seven strands. This prestressed 

beam, sourced from a school building, is primarily used as a hall and is supported by two 

columns. As a result, it can be concluded that the two ends of the beam are clamped, as both 

ends are cast together with the columns. The specifications of the prestressed concrete materials 

used in this study are presented in Figure 1 and Table 1. 

 
 

 

The longitudinal stirrups were arranged with 2 Φ19 bars, spaced along the length of the beam 

at intervals of Φ13 @200. For the prestressed beams, the prestressed steel strands were 

positioned at the center of the beam with an eccentricity of 240 mm. The strands used in the 

prestressed beam were ASTM A416 Grade 720. The material parameters of the three steel-bar 

types are listed in Table 1. 

Table 1. Steel bar diameter and mechanical properties 

Steel bar type Diameter (mm) Yield strength (MPa) Elastic modulus 

Longitudinal steel bar 19 400 200 

Stirrup 13 

Steel strand (prestress) 12.7 1860 195 

 

4.2. Input Parameters 

The creep and shrinkage prediction uses two codes: ACI 209R-08 and CEB FIP 1990. 

These two models have different input parameters (Table 2) for calculating shrinkage and 

creep. However, both codes share several common parameters, including relative humidity, 

volume-to-surface ratio, and age of loading. ACI 209R-08 also requires a fine aggregate factor, 

which can influence shrinkage and creep through various mechanisms, such as resisting 

volumetric changes and causing excessive water absorption, which in turn alters the mix’s 

elasticity and stiffness. ACI 209R-08 also considers the impact of the air content. Both models 

consider the cement content, which plays an important role in binding materials that affect 

shrinkage in concrete. 

 
Table 2. Overview of the input parameters used in various shrinkage and creep prediction models. 

Input ACI 209R-08 CEB-FIP 1990 

Age at the start of drying X X 

Age at the start of loading X X 

Ambient relative humidity X X 

Figure 1. The sample of prestressed beam with span of 13.05 meter with dimensions of 350 x 700 mm. 

 



 

 

Slump factor X  

Fine aggregate factor X  

Cement content factor X  

Air content factor X  

Initial moist curing coefficient X  

Volume-to-surface ratio X X 

Concrete age  X 

Cement type  X 

Compressive strength  X 

 

The influence of temperature on the long-term deflection of prestressed concrete is well-

documented (Aili and Torrenti, 2020). Temperature variations can alter materials' morphology 

and physical characteristics, thus affecting their shrinkage and creep responses, and 

subsequently influence the long-term deflection. However, in the context of this study, which 

aims to compare displacement methods, we have adopted a framework where the temperature 

is constant throughout the designated study period. This simplification is deemed adequate for 

comparative analysis, enabling a more concentrated assessment of the primary variable under 

investigation, devoid of confounding temperature fluctuations. While it is acknowledged that 

environmental variables can impact the overall outcomes, this methodological choice is 

justifiable within the study's scope. 

 

4.3. Output Parameters 

The problem-solving method for estimating long-term deflection was divided into three 

phases. The first phase involves identifying the shrinkage and creep that occurs in prestressed 

concrete and estimating the long-term shrinkage and creep values. A prediction model for 

shrinkage and creep is developed by correlating factors that affect shrinkage and creep. The 

methods for developing long-term shrinkage and creep predictions can be accommodated by 

ACI 209.2R-08. Guide for Modeling and Calculating Shrinkage and Creep in Hardened 

Concrete, 2008 and CEB-FIP Model Code 1990 for Concrete Structures, 1991. In addition to 

the shrinkage and creep obtained from these two codes, the relaxation of prestressing steel is 

also estimated using formulas described in Section 2.3. After the three input parameters have 

been determined, the study predicts the amount of prestress loss due to shrinkage, creep, and 

steel relaxation as well as the long-term deflection that occurs in prestressed concrete due to 

these three parameters(Jindra et al., 2024). This research method overall is illustrated in Figure 

2.  



 

 

 
Figure 2. Research method flow chart 

Research has demonstrated that both environmental conditions and the material 

composition of concrete significantly impact its shrinkage behavior. Key environmental 

variables influencing concrete shrinkage rates include relative humidity, air content, and 

ambient temperature. Furthermore, the characteristics of the concrete mix, such as the fine 

aggregate ratio, the volume-to-surface area ratio, and the type of cement utilized, play a critical 

role in determining the concrete's susceptibility to creep shrinkage. This aligns with the 

findings of (Shurbert-Hetzel et al., 2023), who underscore the necessity of accounting for 

these factors in concrete design to enhance the accuracy of shrinkage predictions. Additionally, 

established design codes, such as those from ACI 209R-08 and CEB-FIP 1990, acknowledge 

these material and environmental parameters as crucial contributors to shrinkage prediction, 

given their influence on the concrete's long-term performance. For this reason, the above 

parameters were included in the sensitivity analysis. 



 

 

The sensitivity analysis can be conducted using either a statistical or numerical approach. 

The statistical approach typically employs random sampling from input parameters 

characterized by specific probability distributions, allowing for the examination of their effects 

on the output, which is also represented as a distribution. This methodology often employs 

Monte Carlo Simulation to facilitate the analysis. However, in this study, we lack the requisite 

data to appropriately define the distribution of the parameters under consideration, rendering 

the statistical approach infeasible. Consequently, we adopt a numerical or deterministic 

methodology, wherein small variations are applied to the input parameters, and the resulting 

changes in output are observed and evaluated 
 

5. Results and Discussions  

5.1. Long-term Shrinkage and Creep Prediction 

Table 3, Figure 3 and 4 summarize the simplified calculation of creep and shrinkage 

coefficients of prestressed beam using two codes: ACI 209R-08 and CEB-FIP 1990.  
 

Table 3. Recapitulation of shrinkage and creep coefficient 

Time of loading 

(days) 

Shrinkage Creep 

ACI 209R-08 CEB-FIP 1990 ACI 209R-08 CEB-FIP 1990 

367 -3.89 x 10-4 -1.88 x 10-4 0.43 1.67 

700 -4.05 x 10-4 -2.44 x 10-4 0.43 1.86 

900 -4.10 x 10-4 -2.67 x 10-4 0.43 1.92 

1500 -4.158 x 10-4 -3.14 x 10-4 0.42 2.02 

 

 

 

Figure 3. Shrinkage deformation calculation results of prestressed concrete 
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Figure 4. Creep coefficient deformation calculation results of prestressed concrete 

 

As shown in Figure 3, a distinct contrast emerges between the shrinkage predictions of 

ACI 209R-08 and CEB-FIP 1990. The ACI 209R-08 model demonstrated a sharp increase in 

shrinkage from the onset of drying, rapidly approaching its maximum value after 

approximately 300 days. Beyond this point, the change in shrinkage was minimal, suggesting 

that the material effectively reached a steady state in terms of moisture loss. By contrast, the 

CEB-FIP 1990 model illustrates a more gradual increase in shrinkage. Despite also showing a 

rise in shrinkage, this model did so at a diminishing rate; even after a lengthy drying period of 

1500 days, the shrinkage continued to rise, albeit very slowly. Moreover, the overall magnitude 

of shrinkage estimated by the CEB-FIP 1990 model remained lower than that predicted by ACI 

209R-08, highlighting significant differences between the approaches of these two models in 

assessing long-term drying effects. The long-term shrinkage value of CEB-FIP 1990 was 

approximately 75% of that predicted by ACI 209R-08. 

The creep prediction outcomes based on the CEB-FIP 1990 guidelines indicated 

significantly higher values than those derived from ACI 209R-08 (see Figure 4). Both 

predictive models exhibited a similar pattern of creep behavior, characterized by a rapid 

increase in deformation shortly after loading began, ultimately stabilizing at approximately 400 

days of loading. However, the magnitude of the creep coefficient estimated by CEB-FIP (1990) 

was approximately double that of its ACI counterpart. This discrepancy can be attributed to 

several underlying factors related to the methodologies and assumptions embedded within each 

code. Specifically, the CEB-FIP 1990 employs a more sophisticated and empirical modelling 

approach that incorporates a range of variables such as the age of the concrete, its compressive 

strength, and prevailing environmental conditions. This comprehensive framework tends to 

yield more conservative estimates, resulting in higher predicted creep values compared with 

ACI 209R-08, which adopts a more straightforward and simplified model (Fanourakis and 

Ballim, 2006). 

 

5.2. Prestress Loss Prediction Due to Shrinkage, Creep and Relaxation 

The prestress loss in prestressed concrete is the reduces the prestressing force acting on 

the tendon or prestressing cable (tendon) during the loading process. This study predicted the 
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time-dependent prestress loss resulting from shrinkage, creep, and steel relaxation (Huang et 

al., 2025). 

 
Figure 5. Prestress loss calculation results due to shrinkage, creep, and steel relaxation of prestressed 

concrete 

The analysis of prestress loss, conducted using the CEB-FIP 1990 guidelines, revealed that 

the losses of prestressing force owing to shrinkage and steel relaxation were consistently lower 

than those predicted by the ACI 209R-08 model. Conversely, when assessing the prestress loss 

due to creep, the CEB-FIP 1990 approach produced higher values compared to the ACI 209R-

08 counterpart. It is important to note that over time, the total prestress loss resulting from 

shrinkage, creep, and steel relaxation gradually decreases until it stabilizes at constant values. 

Notably, the prestress loss attributed to steel relaxation includes both elastic shortening and 

losses due to shrinkage and creep, suggesting that the total steel relaxation loss exceeds the 

combined losses from shrinkage and creep. The overall magnitude of these losses, relative to 

the original prestressing force, was found to be within 17% for the ACI-209R-08 methods and 

21% for the CEB-FIP 1990 method. According to the ACI 209R-08 model, the percentages of 

prestress loss attributed to shrinkage, creep, and steel relaxation were 3%, 1%, and 13%, 

respectively. The CEB-FIP 1990 model indicates corresponding losses of 3%, 6%, and 12%, 

respectively. 

The assertion that prestress loss attributed to creep and shrinkage is consistently lower than 

that caused by steel relaxation cannot be universally applied across all types of prestressed 

concrete beams. This relationship is contingent upon various factors, including the specific 

concrete mix, the characteristics of the prestressing steel, and prevailing environmental 

conditions such as humidity and temperature. Consequently, while certain combinations of 

materials and conditions may yield a scenario where prestress loss from creep and shrinkage is 

negligible compared to steel relaxation, other scenarios may reveal a more pronounced impact 

from creep and shrinkage. For instance, in cases involving high-strength concrete or 

prestressing steel characterized by substantial relaxation properties, the losses due to steel 

relaxation can overshadow those from creep or shrinkage Conversely, in concrete formulations 
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with differing characteristics or with prestressing steel that exhibits a lower relaxation rate, the 

losses caused by creep and shrinkage may become more significant. Numerous studies have 

explored this dynamic, comparing the prestress losses due to shrinkage and creep against those 

resulting from steel relaxation, providing critical insights into the behavior of various 

prestressed concrete systems (Tadros et al., 1985; Boukendakdji et al., 2017; Han et al., 

2023b) 

5.3. Long-term Deflection Prediction 

Long-term deflection calculations are critical in structural engineering, particularly when 

assessing the performance of concrete structures over time. Engineers often rely on established 

code-based methods for these calculations, with two widely recognized references being the 

ACI 209R-92 and the FIB 2010 Model codes. These codes provide guidelines that account for 

the time-dependent behavior of concrete, which is essential for accurately predicting 

deflections due to factors such as shrinkage, creep, and the relaxation of reinforcing steel. The 

underlying assumption of these code-based methods is that the material behaves elastically and 

homogeneously throughout its lifetime. This implies that the material properties are treated as 

consistent and uniform, which simplifies the complex real-world behavior of concrete and steel 

under loading. The rationale for utilizing code-based deflection calculations lies in their ability 

to simplify intricate structural models. By reducing complex interactions and behaviors into 

manageable computations, these codes enable engineers to conduct efficient and effective 

analyses, ensuring that structures meet safety and performance criteria over their intended 

lifespan. However, it is important to approach the deflection estimates provided by code-based 

methods with caution to ensure that they offer accurate safety assessment for structural 

applications. In this context, Table 4 and Figure 6 present an overview of the long-term 

deflection characteristics of prestressed beams, as derived from both the simplification method, 

which is representative of code-based approaches, and the displacement method referenced in 

(Ghali et al., 2006). The shrinkage, creep, and steel relaxation data for the calculations are 

based on ACI 209R-08 and CEP-FIP 1990, as outlined in subsections 5.1-5.3. Based on these 

three parameters, the long-term deflection was estimated using code-based methods (ACI 

209R-92 and FIB 2010 model) and the corresponding displacement method. 

 
Table 4. Recapitulation of long-term deflection 

Duration of loading 

(days) 

Deflection (mm) 

Creep and Shrinkage based on  

ACI 209R-08 

Creep and Shrinkage based on  

CEB-FIP 1990 

ACI 209R-92 
Displacement 

Method* 
Fib 2010 Model  

Displacement 

Method** 

367 -8.233 -8.591 -7.390 -7.649 

700 -8.506 -8.692 -7.982 -8.281 

900 -8.580 -8.726 -8.184 -8.285 



 

 

1500 -8.693 -8.787 -8.536 -8.300 

*Deflection by displacement method using shrinkage and creep based on ACI 209R-08 

**Deflection by displacement method using shrinkage and creep based on CEB-FIP 1990 

 

 

Figure 6. Long-term deflection calculation results with two methods of prestressed concrete 

 

Upon reviewing the data in Table 4 alongside the visual representation in Figure 6, it is 

evident that the calculations for shrinkage, creep, and relaxation, as outlined in ACI 209R-08 

and CEB-FIP 1990 codes, produce comparable values for the long-term deflection of 

prestressed concrete beams, although the code-based method by ACI 209R-92 gives a slightly 

higher value. A comparison of the code-based methods with the displacement method revealed 

that the displacement method consistently showed larger long-term deflections than the code-

based calculations. This difference suggests that the code-based methods may not be 

adequately conservative in their deflection estimations. However, it is worth noting that the 

observed difference between the two methods remains relatively small, typically within a 

margin of just 4%. A 4% variance in structural deflection calculations can have significant 

implications, depending on specific design parameters and prescribed tolerances. For instance, 

if the code dictates a maximum allowable deflection of L/360, which equates to approximately 

36.25 mm, a 4% deviation would amount to about 1.45 mm. In many projects, such a degree 

of deviation may be acceptable. However, this seemingly minor deviation may raise serious 

concerns in circumstances where tolerances are strict or structural integrity is critical. 

Therefore, while a 4% variation might not require adjustments to design guidelines, designers 

should remain cautious, particularly when strict deflection limits are enforced on a project. 

These findings highlight the need for engineers to reconcile these two approaches when 

designing prestressed concrete structures, striving for a balance between code compliance and 

an accurate reflection of long-term deflection behavior.  

 

5.4. Sensitivity Analysis  
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The results obtained from the long-term deflection studies provide a comprehensive 

analysis of the sensitivity of deflection with respect to various parameters that influence 

shrinkage, creep, and relaxation behavior of prestressed steel. To conduct a thorough sensitivity 

analysis, the parameters that significantly affected the shrinkage and creep characteristics of 

the prestressed beams were systematically varied. In this analysis, we focused on a range of 

relative humidity levels, specifically from 40% to 85%, as this parameter plays a crucial role 

in the drying of concrete. Additionally, we examined the influence of the volume-to-surface 

ratio, which was adjusted from 35 mm to 150 mm, on the rate of moisture loss from the 

concrete. The slump factor was also varied within the range of 80 – 140 mm to study its effect 

on the workability and compaction of the mixture. Furthermore, we explored the fine aggregate 

factor, which ranged from 35% to 60%, recognizing its significance in determining the overall 

properties of the concrete mix. The cement content was analyzed in the range of 300 to 413 

kg/m³, reflecting different mix designs. To account for the presence of air in the mixture, air 

content levels ranging from 3% to 7% were considered. Moreover, the initial moist-curing 

duration was set between 7 and 28 days, which is critical for ensuring adequate strength and 

durability of the concrete. Finally, we examined the compressive of the strength of the concrete, 

varying from 31.9 to 48 MPa, as it directly correlates with the performance of the material 

under stress (Shurbert-Hetzel et al., 2023). Based on these considerations, the results 

highlight the impact of the aforementioned parameters on deflection, as illustrated in Figures 

7 and 8. They provide a clear visual representation of how variations in these influential factors 

can lead to significant changes in the deflection behavior of prestressed beams. 

 

 
(a)  Effect of relative humidity on deflection 

 
(b)  Effect of volume-to-surface ratio on deflection 

 
(c)  Effect of slump factor on deflection 

 
(d)  Effect of fine aggregate factor on deflection 
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(e)  Effect of air content factor on deflection 

 
(f)  Effect of cement content factor on deflection 

 
(g)  Effect of initial moist curing factor on 

deflection 

 
(h) Effect of age of loading factor on deflection 

 

 

Figure 7(a-g). Sensitivity analysis of deflection parameters according to ACI 209R-08 

 
(a)  Effect of relative humidity on deflection 

 
(b)  Effect of volume-to-surface ratio on deflection 
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(c)  Effect of concrete age of loading on 
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Figure 8(a-f). Sensitivity analysis of deflection parameters according to CEB-FIP 1990 

 

An examination of the multiple parameters influencing the phenomena of creep and 

shrinkage indicates that not all these factors have a significant impact the deflection of 

prestressed beams. Among these parameters, relative humidity is the most critical factor 

affecting the extent of deflection changes. This conclusion is supported by both code-based 

and displacement methodologies. In particular, the analysis reveals that code-based 

methods yield a higher percentage of change in deflection when relative humidity varies, 

compared to the displacement method. This suggests that the former is more sensitive to 

fluctuations in environmental conditions. Furthermore, the data illustrates a clear 

relationship; as relative humidity increases, the amount of deflection in the prestressed 

beam tends to decrease. This trend is visually represented in Figures 9 and 10, which 

demonstrate the significant influence of humidity levels on deflection, in contrast to the 

other parameters. Moreover, a comparative analysis of the parameters influencing 

deflection revealed that both the code-based and displacement methods yielded similar 

values regarding their effects on deflection. This consistency implies that either approach 

can be reliably employed to analyze the deflection characteristics of the structure, ensuring 

that the results are dependable and aligned across different analytical frameworks. Thus, 

engineers and designers can confidently use either method, knowing that they will obtain 

comparable insights into the deflection behavior of prestressed beams under varying 

conditions. 
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Figure 9 Sensitivity Analysis by Code Based Method 

 
Figure 10. Sensitivity Analysis by Displacement Method 

 

6. Conclusions 

The long-term deflection of prestressed concrete beam is influenced by shrinkage, creep, and 

relaxation.  

Based on this prediction, the following conclusions were drawn: 

 ACI 209R-08 gives a faster rate of shrinkage and consistently higher magnitude of shrinkage 

than the CEB-FIP 1990. On the other hand, the CEB-FIP 1990 estimates a creep coefficient 

of about twice that predicted by ACI 209R-08. 

 The losses of prestressing force due to creep and shrinkage are minor compared to the steel 

relaxation. The total losses of prestressing force are within a range of 17-21%, where the 

calculated losses based on ACI 209R-08 data are lower than the CEB-FIP 1990. The loss of 
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prestress within this range represents the average prestress reduction that designers should 

anticipate for typical prestressed beam structures. 

 The deflection estimated by the Fib 2010 Model is initially smaller than the deflection by 

ACI 209R-92. However, as time increases, the two deflections approach similar values. Both 

code-based methods give a lower estimation (within 4%) of deflection compared to the 

displacement method. This seemingly minor deviation could pose significant risks in 

scenarios where tolerances are tightly controlled or the integrity of the structure is 

paramount. 

 The most significant parameter affecting the deflection according to ACI 209R-92 and Fib 

2010 Model is relative humidity. This finding confirms the critical role of environmental 

conditions in the long-term behavior of prestressed concrete beams. Engineers must 

carefully consider local relative humidity during design, material selection, and construction 

to ensure that deflections remain within acceptable limits and that the structure performs 

satisfactorily over its service life. 

 This research employed a typical prestressed concrete beam to evaluate the efficacy of the 

code-based method in comparison to the displacement method for estimating deflection. 

Future studies should encompass a wider array of project scenarios, diverse loading 

histories, and various environmental conditions. Such investigations can offer a more 

nuanced analysis of the benefits and drawbacks of each method for estimating long-term 

deflection, thereby assisting in selecting the most appropriate method in various real-world 

situations. 
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