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Abstract: 

This paper presents a modern approach to make an optimal selection of hydraulic jack for 

prestressing of reinforced concrete structures. The main technical parameters for evaluation of 

hydraulic /prestressing/ jacks are described, which are based on predefined geometric, 

kinematic, dynamic and performance characteristics of prestressing jacks. An approach has 

been developed for making a multi-criteria assessment of different variants of prestressing jacks 

to make optimal choice. Finally, a numerical example is given, which shows the application of 

the approach under consideration.  
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1. INTRODUCTION 

The prestressing of reinforced concrete elements and structures is usually realized by 

hydraulic jacks at the precast concrete plants and on-site. Jacks are used for tensioning tendons 

(wires, strands, and bars) that may be located either within the concrete volume (internal 

prestressing) or wholly outside of it (external prestressing). The correct selection of prestressing 

jacks ensures the quality and safety of work. In practice, different types, structures, principles of 

operation and technical performance of hydraulic jacks for prestressing are applied. Many of them 

are directly related to a certain system (method) of prestressing. Despite their great variety, they 

can generally be considered/classified on the basis of the principle of operation and their 

application ([1], [2], [3] and others): 

• Front gripping jacks for stressing of single steel wires or strands (bare or epoxy coated). 

They are designed with an automatic grip-and-release build-in system that facilitates 

more efficient stressing (Fig. 1). As a portable equipment, they are convenient for aloft 

work and working in small interspace.  
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Figure 1. Installation diagram of mono-strand prestressing jack and anchorage [4]. 

 

• Rear gripping jacks for stressing of bundle of steel wires or strands. They are meant to 

stress all strands /or wires/ in the tendon at the same time because of speed and accuracy. 

By changing the Limiting Plate and Gripper Plate /Stressing Head/, it allows for greater 

flexibility in utilizing the same prestressing jack for different anchors configuration. This 

increases the work site efficiency and productivity (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Installation diagram of multi-strand prestressing jack and anchorage device [5]. 

 

• Center hole jacks with tensioning rod for stressing of single steel bars (with high strength) 

and CFRP (Carbon Fiber Reinforced Polymer) tendons. Special couplers are attached to 

threaded end of prestressing bars or to anchorage device sleeve /socket/ of CFRP tendons 

and they are connecting with the tensioning rod of jack. Many jacks have a hand or 

mechanical ratchet to rotate and tighten the anchor nut against the bearing plate as the 

prestressing bar elongates under load. A chair and open-end wrench may be used instead 

of nose and ratchet for jacks (Fig. 3). The stressing equipment ensures the accuracy of 

the prestressing force applied through regular calibration of the pump pressure gauge and 

the jack [6]. 
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Figure 3. Installation diagram of center hole prestressing jack and CFRP tendon anchorage [7]. 

 

2. METHODOLOGY 

The presented methodology is not tied to a specific prestressing system but offers 

generalized criteria for optimal selection of hydraulic jack for prestressed concrete structures. 

Given the specifics of each case, its characteristics must be taken into account to meet the 

necessary technological parameters. This methodology includes the following main steps: 

2.1. Clarification of the architectural and structural characteristics of reinforced concrete 

structure and the technological features of applied prestressing system 

When performing the technological-structural analysis of the structure, such indicators are 

established that influence the choice of prestressing jack and its technical parameters, such as: 

• Type of structural system and specific structural element, which is subject to prestressing; 

• Volume-planning characteristics – areas, volumes and height of the rooms /spaces, 

landings/, necessary for the placement of prestressing equipment and the temporary 

structures (scaffoldings, working platforms and others) providing the prestressing 

process; 

• Functional indicators – building services /systems/ and technological machinery and 

equipment that in some way affect the operation of the prestressing system and limit the 

location of components of the prestressing system (especially for external prestressing 

systems); 

• Location of the anchorage devices on the structural element – providing the minimum 

necessary overall dimensions (safe-clearances) for the operation of the prestressing jack; 

• Type of prestressing tendon – single (bar, wire or strand) or group (bundle of wires or 

strands); 

• Necessary elongation of tendon – it must be in accordance with the stroke of jack piston; 

• Size of the required prestressing force to be applied to the active end of tendon during 

stressing; 

• Presence (or possibility of installation) of lifting equipment on site – it is taken into 

account only when using heavy jacks. 

2.2. Description of the technical characteristics of prestressing jack 

Equipment used for stressing tendons consists of a hydraulic jack (complete with 

accessories) and gauges, calibrated as a unit, and a hydraulic pump. A general structure of an 

exemplary hydraulic prestressing equipment is shown in Figure 4. 

The main technical characteristics influencing the choice of hydraulic jack for prestressing 

are the following ([8], [9] and others): 

• Prestressing force (P) created by the hydraulic jack; 

• Hydraulic oil pressure (p) in the cylinder; 

• Stroke of the piston (s) in the hydraulic cylinder; 

• Jack own weight (G); 
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• Overall dimensions of the jack. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Example of a prestressing equipment with a hydraulic jack [2]. 

                           

2.3. Optimization problem 

An approach for optimal selection of prestressing hydraulic jack is proposed, using the 

classical method of weighted sums, which is perhaps the most common in multicriteria 

optimization. The objective is to find a Pareto optimal solution that maximizes the scalar function 

obtained by summing criteria vectors multiplied by weighting factors [10].   

2.3.1. General description of the proposed approach 

The optimal selection of hydraulic jack is made by multi-objective optimization with 

generalized utility function [11]. This approach sets "pessimistic" (minimum allowable) 

requirements for the recommended values 𝑦𝑗
𝑝𝑒𝑠

 of the objective parameters 𝑦𝑗(𝑥) and maximizes 

overruns called "utility" (𝜂𝑗 → max). 

The objective parameter 𝑦𝑗(𝑥) under conditions 𝑥 is transformed into a utility factor 𝜂𝑗(𝑥) 

by the formula: 

                                                   𝜂𝑗(𝑥) = |
𝑦𝑗(𝑥) − 𝑦𝑗

𝑝𝑒𝑠

𝑦𝑗max − 𝑦𝑗min
| , 𝑗 = 1, 2, . . . , 𝑚,                                            (1) 

where: 𝑦𝑗
𝑝𝑒𝑠

 is the most useless result (the most unfavorable result) for the objective parameter, 

which is set by standard, internal norms, etc., or obtained within the allowed bounds for the control 

parameters; 𝑦𝑗max and 𝑦𝑗min are utility bounds, i.e., the maximum and minimum value for 𝑦𝑗(𝑥). 

The choice of utility bounds is made according to pre-set requirements or according to the best 

and the most unfavorable result obtained for 𝑦𝑗(𝑥) in the field of research. 
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  The generalized utility function is defined by the formula: 

                                                      𝐹𝑎𝑤
𝑝 (𝑥) = ∑ 𝜂𝑗(𝑥). 𝑊𝑗

𝑚

𝑗=1

→
𝑚𝑎𝑥

𝑥
,                                                         (2) 

where: 𝑊𝑗 is weighting factor such as 𝑊𝑗 > 0 and ∑ 𝑊𝑗

𝑚

𝑗=1
= 1. 

2.3.2. Definition of criteria for optimal selection of prestressing jack 

The following six optimality criteria (objective parameters) are proposed, defined on the 

basis of main technical characteristics of prestressing hydraulic jacks, as follows: 

• Size of the prestressing force (𝑦1) – greater than the minimum required prestressing force; 

• Maximum permissible hydraulic oil pressure in the jack cylinder in terms of structural 

strength (𝑦2) – greater than the maximum pressure that the hydraulic pump creates (in 

terms of accident-free and safety); 

• Minimum required hydraulic oil pressure in the jack cylinder to realize the minimum 

required prestressing force (𝑦3) – less than the maximum pressure created by the 

hydraulic pump to realize the required prestressing force; 

• Stroke of the piston in the hydraulic cylinder (𝑦4) – greater than the minimum required 

piston stroke (without and with automatic grip-and-release action of hydraulic jack 

during prestressing process); 

• Own weight of the jack (𝑦5) – as little as possible; 

• Jack length at maximum piston stroke (𝑦6) – as short as possible. An additional 20 cm 

must be added to this size for a safe distance from the nearest obstacle behind the jack. 

2.3.3. Determination of weighting factors by prioritizing the objective parameters 

The weighting factors characterize the degree of satisfaction with the respective indicator. 

There are no strictly formalized methods for determining the importance of the criteria and their 

respective weighting factors. Most often these coefficients are determined subjectively. 

For the introduced objective parameters, the following weighting factors are proposed in the 

present study: 

• 𝑊1 = 0,35 for 𝑦1; 

• 𝑊2 = 0,10 for 𝑦2; 

• 𝑊3 = 0,15 for 𝑦3; 

• 𝑊4 = 0,20 for 𝑦4; 

• 𝑊5 = 0,05 for 𝑦5; 

• 𝑊6 = 0,15 for 𝑦6. 

2.3.4. Formation of a total assessment of prestressing hydraulic jacks 

The optimal solution is based on a "pessimistic" strategy, which is summarized in Table 1. 

The desired value for each objective parameter (max or min) is indicated by ↑ and ↓ respectively. 

At the end of the table are given the ranks by importance of the proposed prestressing jacks. 

Depending on the price that can be given in the last column, the optimal variant of prestressing 

jack is selected according to economic indicator. 

 

 

 

 

 

 

269



 

I Youth Scientific Conference with international participation  

„ Design and Construction of Buildings and Facilities “, November 4-5, 2021, Sofia, Bulgaria 

 

 

Table 1. Optimal selection of prestressing jack. 

                       

3. AN EXAMPLE TASK FOR OPTIMAL SELECTION OF PRESTRESSING JACK 

3.1. Task condition 

It must be made an optimal selection of hydraulic jack for external prestressing of single high 

strength steel strands 𝜙12,5 with an effective length of 5,3 𝑚. The aim is to strengthen one 

structural field of conventional concrete floor slab in office building. The following values are set 

for the required prestressing parameters: 

• Required value of the controlled tension in the strand – 𝜎𝑝,𝑐𝑜𝑛 = 800 𝑀𝑃𝑎; 

• Necessary absolute strand elongation – 𝛥𝑙𝑝 = 22 𝑚𝑚; 

• Distance between the active anchorage of the strand and the structural beam limiting 

the field of the slab – 95 𝑐𝑚; 

• A scaffolding work platform will be used for technological provision of prestressing 

process and the jack will be lifted manually to the location where the stressing will take 

place; 

• A hydraulic pump is available, which develops a pressure of 350 𝑏𝑎𝑟. 

3.2. Calculation of technical parameters for prestressing jack evaluation 

The technical parameters are calculated on the basis of the necessary technological 

parameters for prestressing process [9]: 

• Required value of prestressing force created by the hydraulic jack: 

                                             𝑃 =
𝑘. 𝑛. 𝑆𝑛. 𝜎𝑝,𝑐𝑜𝑛

103. 𝜂
=

1,1 . 1 . 93,0 . 800

1000 . 0,95
= 86,15 𝑘𝑁,                           (3) 

where: 𝑘 = 1,1 is a coefficient considering the technological overstressing of the tendon; 

𝑛 = 1 – number of simultaneously tensioned strands; 𝑆𝑛 = 93,0 𝑚𝑚2 – cross-sectional 

area of single strand; 𝜎𝑝,𝑐𝑜𝑛 = 800 𝑀𝑃𝑎 – controlled tension in the strand; 𝜂 = 0,94 ÷

0,95 – coefficient of efficiency of the hydraulic jack. 

• Required oil pressure in the hydraulic cylinder of the jack (determined for already 

proposed jack variants): 

                                                                𝑝 =
10. 𝑃

𝐴. 𝜂
, 𝑀𝑃𝑎,                                                          (4) 

where: 𝐴, 𝑐𝑚2 – cross-sectional area of the piston in hydraulic cylinder. 
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• Required piston stroke without automatic grip-and-release action of prestressing jack:  

                             𝑠 =
𝜎𝑝,𝑐𝑜𝑛. 𝑙𝑝

𝐸𝑝
+ 𝑠′ =

800 . 5,3 . 102

195000
+ 2,1 = 4,3 𝑐𝑚,                            (5) 

where: 𝑙𝑝, 𝑚 is the initial length of strand; 𝐸𝑝 = 195000, 𝑀𝑃𝑎 – design value of modulus 

of elasticity of prestressing steel; 𝑠′ = (0,004 ÷ 0,005). 𝑙𝑝, 𝑚 – the length of the piston 

stroke required to remove the initial sagging of the strand.   

3.3. Making optimal selection of prestressing jack 

Three models of front gripping jacks for stressing of single steel strands are proposed. The 

obtained results are summarized in Table 2. 

The minimum required oil pressure in the hydraulic cylinder of the jacks is determined as 

follows: 

• For PTJ5S jack: 

                            𝑝 =
10. 𝑃

𝐴. 𝜂
=

10 . 86,15

28,9 . 0,95
= 31,38 𝑀𝑃𝑎 ≈ 314 𝑏𝑎𝑟;                               (6) 

• For 6DA1 jack: 

                            𝑝 =
10. 𝑃

𝐴. 𝜂
=

10 . 86,15

51,3 . 0,95
= 17,68 𝑀𝑃𝑎 ≈ 177 𝑏𝑎𝑟;                               (7) 

• For QYC240 jack: 

                             𝑝 =
10. 𝑃

𝐴. 𝜂
=

10 . 86,15

47,7 . 0,95
= 19,01 𝑀𝑃𝑎 ≈ 190 𝑏𝑎𝑟.                               (8) 

The maximum permissible load that can be manually lifted at a height by one person is 30 

kg [12]. 

The optimal choice of prestressing hydraulic jack is the one with the highest rank. 

The prices of the different models of prestressing jacks, listed in the last column of Table 2, 

are current and are taken from the official websites of providers for the respective brand. 

Table 2. Example of optimal selection of prestressing jack. 

According to the proposed methodology, the final result in terms of technical characteristics 

determines the optimal choice of jack, namely prestressing jack model QYC240. The presented 

Table 2 shows that the hydraulic jack in question has the lowest price.   
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4. CONCLUSION 

A modern approach for optimal selection of hydraulic jack for prestressing of reinforced 

concrete structures is proposed. The multicriteria optimization by generalized utility function is 

used as a basis for the selection. The developed approach requires preliminary calculation of the 

necessary technical parameters and definition of the criteria for evaluation of the hydraulic jack 

on the basis of pre-set necessary technological parameters of the stressing process. Considering a 

specific example illustrates the practical application of the methodology.  
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