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REPORT ON THE INFLUENCE OF A LIFELINE SYSTEM ON THE STRENGTH CAPACITY OF 

REINFORCED CONCRETE SUPPORTS. 

1.- PURPOSE OF THE STUDY.- 

The company ENCOFRADOS ALSINA S:A: has developed a safety system based on mobile 

telescopic hangers which, when fixed in holes arranged on the top head of the pillars, provide 

the workers who are mounting the structure a set of points and safety lines for fixing their 

safety belt or any other element that provides stability to limit the possibility of a fall. 

These holes, which are needed on the top part of the supports where the hanger is inserted, 

are made from embedded steel 275 JR tubes. The tube has a cylindrical top section 250 

millimetres long with an outer diameter of 76.1 millimetres, a second tapered section 350 

millimetres long that connects to the bottom section that is 250 mm long with an outer 

diameter of approximately 50 mm. The tube's thickness depends on the strength 

characteristics needed for concrete pillars. Hence, a 1.8 mm thick tube is used for HA-25 

concrete, 2.2 mm for HA-30 and 2.5 mm for HA-35. These tubes are embedded in the concrete 

at the centre of the pillar's cross section, immediately after the concrete is poured. 

When the forged slab being worked on is fully installed, the hangers are removed and a hole is 

left in the concrete pillar, which is likely to be filled when the concrete is poured on the forged 

slab. 

The purpose of this study is to analytically assess the effect on the strength capacity of the 

supports by the hole initially left by the tube in the supports. 

2.- INITIAL HYPOTHESES.- 

First of all, we needed to know whether the hole that is left after the hanger is removed is 

subsequently filled in with concrete from the top support, given that it is possible because of 

the tube's dimensions and, also, the weight of all the concrete on top would properly compact 

this concrete filler. 
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If we assume that it does fill up again with concrete, the behaviour of the support would be 

the same or greater than it would be without the hole, even ignoring the strength of the steel 

tube, because the mechanical characteristics of the concrete would be the same, as the age 

difference between the two sets of concrete would be negligible in the moment in which the 

support takes on load and, furthermore, the longitudinal shear forces between the tube and 

the concrete are small and allow the section to work together. 

In a more detailed analysis of the behaviour of the section that is subsequently filled, the 

embedded metal tube will be subjected to certain radial stress forces along the horizontal 

plane, which will greatly improve the strength against the longitudinal force on the contact 

surface between both sets of concrete. On the one hand, the shrinkage of the support 

concrete that envelops the tube tends to put pressure on it, while the weight of the fresh 

concrete on top that has filled in the hole tends to expand it, with both effects resulting in the 

favourable working together of the section. 

Consequently, if we assume the tube is full, it doesn't make much sense to analyse the 

resulting mechanical capacity of the support, because it will be greater than planned. 

Therefore, so as not to create more uncertainties, an initial possibility of action may be 

considered of ensuring that the hole left by the tube is filled in with concrete from the top slab 

thus maintaining the section's mechanical characteristics. 

The section's strength capacity could change with respect to the project if for any reason the 

tube did not fill up, because the concrete area would be smaller and the steel area larger, 

which could change the strength capacity. Therefore, this report only covers the special case in 

which the embedded tube does not fill up with concrete. 

Another basic aspect is the initial characteristics of the support in which the tube is left 

embedded. If the support is big enough, for example a square with 50 cm sides, the loss of the 

concrete section in relation to the initial section will be very small, so any structural 

implications will not be noticeable. The same reasoning holds for the case in which the section 

has a lot of reinforcement, because in this case the strength of the equivalent area will also be 

much greater than the area with the tube section, and therefore any possible influence will be 

minimal. 

As there is no reason to analyse each support dimension and each possible reinforcement, the 

study has opted to analyse the section in which the size of the tube is relatively large, and so 

we will study the section of the work and execution delimited by the following characteristics 

and conditions: 

•Dimensions: square with 30 centimetre sides. 

• Longitudinal reinforcement: 1 round hole with a 12 millimetre diameter in each corner. 
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• Transverse reinforcement: 1 round hole with a 6 millimetre diameter every 15 centimetres. 

•Concrete strength:  25 – 30 –35 Mpa. 

•Type of steel: B500 S 

• Physical reinforcement coating: 5 centimetres. 

•Execution control level: normal 

•Environment type: IIb 

The dimensions are the minimums used in construction and the amount of reinforcement the 

minimums established by the current Structural Concrete Code (EHE in Spanish). The three 

most common cases of concrete strength characteristics between 25 and 35 MPa have been 

studied. 

In this way, the effect on the physical behaviour of the section by the central unfilled hole will 

be the maximum that can occur. Any support with larger dimensions and more reinforcement 

will be affected less by this missing central core of the concrete. 

 

The environmental conditions of the hypothetical project and the execution control level must 

be determined in order to define the minimum coating needed for durability of the 

reinforcement. The following suppositions have been used: control of the normal assembly 

conditions (Art. 95, EHE) and a normal environmental type with average humidity and 

processes of reinforcement corrosion having origins other than chlorides(Art 8.2.2 EHE). 

This environmental type covers practically all concrete constructions, except those that can be 

attacked by chlorides or are in very aggressive industrial environments. 

Strict control of the concrete and/or a situation of a project in an aggressive environment 

would lead us to a specific design of the general characteristics of the reinforced concrete 

elements in which the relative weight of the missing concrete in a central hole would 

presumably be even less. 

Another important aspect is determining whether the tube is centred in the support. Given 

that it is placed manually in a manner that is not particularly comfortable for the worker, and a 

certain degree of effort is also necessary to insert the tube into fresh concrete, it is possible 

that it will not be centred. The possible off-centring of the hole may affect the bending 

strength of the support, given that the section compression block would reach an area lacking 

concrete first if the off-centring had occurred towards the side where the bending increases 

the compression on the concrete. 

To take this effect into account, the most unfavourable case has been used to analyse the 

section, which assumes a five cm off-centring of the section towards one side. 
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3.- STRENGTH ANALYSIS OF THE RESULTING SECTION.- 

Even though when dealing with concrete the supports are usually sized independently for 

shear and flexural compression stress, in this study we will consider them together, similar to 

the way sections of a metal structure are analysed. This way makes it easier to consider the 

effect of the steel tube. 

The numerical analysis was performed with computer programs for calculating reinforced 

concrete sections being developed in the Engineering and Construction Department of the 

Universidad Politecnica de Valencia. All of them apply the standards of the Structural Concrete 

Code (EHE), and the NBE_EA 95. 

3.1.- SHEAR ANALYSIS.- 

The type of section under study herein has two effects, one negative, caused by the loss of 

concrete, and the other positive, due to the presence of the steel tube. 

In a shear bearing reinforced concrete section it is necessary to verify that the calculated 

failure shear strength Vd is less than: 

Vd ≤ Vu1 

Vd ≤ Vu2 

Where, 

Vu1 failure shear strength due to oblique compression on the web width 

Vu2 failure shear strength due to tensile force on the web width = Vcu + Vsu 

Where, 

Vcu contribution of the concrete to shear strength in the final limit state. 

Vsu contribution of the steel to shear strength in the final limit state. 

In the sections being looked at the final limit state is usually that of failure due to tensile force 

on the web width (Vd ≤ Vu2) and the shrinkage of the concrete section translates to a lower 

Vcu value. In accordance with the EHE, Vcu is equal to 

Vcu = 0,10ζ (100 ρ1fck ) 
1/3 b0d 

Where, 

ξ = 1+√(200/d) con d (= effective depth) in mm 

ρ = Geometric ratio of the longitudinal tensioning reinforcement, anchored at a distance equal 

to or greater than the section under study. 
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b0 = section width 

fck = concrete strength characteristics 

Applying this equation to the case at hand, we find that the presence of a hole in the section 

reduces the value of Vcu by 690 Kp for HA-20 concrete, 733 Kp for HA-30 and 772 Kp for HA-

35. 

 

This shear strength reduction will be absorbed by the steel tube. By absorbing this shear, the 

tube section will reach a maximum shear stress value,  τmax, of 

 

Where R and tw is the average radius of the tube and its thickness, respectively. 

For the cases in hand: 

fck (MPa) 

 

tw (mm) 

 

R (cm) 

 

V (Kp) 

 

τmax 

(Kp/cm2) 

 

HA-20 
 

1.8 
 

3.715 
 

690 
 

328.4 
 

HA-30 
 

2.2 
 

3.695 
 

733 
 

287.0 
 

HA-35 
 

2.5 
 

3.680 
 

772 
 

267.1 
 

 

Therefore, the loss of shear strength as a result of the reduction of the concrete cross section 

would be compensated by subjecting the steel tube up to a maximum shear stress of between 

267.1 and 328.4 Kp/cm2 (26.7 and 32.8 N/mm2) 

In the study, the metal structure is considered together with the section. Thus, to determine 

the moment in which a section reaches the limit state, the Von Mises criterion is applied, 

according to which the plasticisation of the steel occurs when: 

 

σe is the limit strength of the steel (275 N/mm2 in this case) and σmax the maximum normal 

stress. 

In this way, when the steel cross section is bearing a given shear stress, it would be the 

equivalent of considering a reduced limit strength in an analysis of the cross-section under 

normal stresses, σe* equals: 
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Which, for each type of concrete and each tube thickness assumes taking into account the 

following limit strengths: 

fck (MPa) tw (mm) Τmax (Kp/cm2) σe * (Kp/cm
2
) 

HA-20 1.8 328.4 2690.5 

HA-30 2.2 287.0 2704.7 

HA-35 2.5 267.1 2710.8 

 

 

This implies a reduction of between 1.42 and 2.16% of the limit strength of the steel. That is, 

the shear strength of the cross section caused by the hole in the concrete would be absorbed if 

the flexural compression stress calculation assumes that the steel tube undergoes a reduction 

of its limit strength of between 1.42% and 2.16%. 

3.2.- FLEXURAL COMPRESSION STRESS ANALYSIS 

The axial force and moment diagrams have been calculated for a section with and without the 

hole, using the most unfavourable assumption of said hole being five centimetres off centre 

towards one side. The reinforcement and elasto-geometric characteristics of the cross section 

are defined above. 

The results obtained are in Annex 1, both regarding the shape of the slab and the graph, which 

have been directly applied according to Article 42 and Annex 8 of the Structural Concrete Code 

(EHE). The torque values of the last axial force and last moment are represented as Nd   and 

Mu    respectively, using the metre and kiloNewton unit system. 

In general any reinforced concrete section acted on by flexural compression stress resists due 

to tensile stresses on one face and compression forces on the other, which obviously are 

balanced by the external axial forces and moment requests. The tensile forces on the cross 

section are resisted by the tensile force of the reinforcement while the compressions are the 

result of the strength of the concrete and steel bars that work under compression. As the 

forces start increasing, this compression block expands from the edge of the section towards 

the centre, occupying more surface of the cross section. As long as the compression block does 

not reach the area of the hole, the hole will not have any effect on the strength, and the 

functioning of the section with the hole will be the same as if the section were solid. When the 

compression block reaches a size that it begins to occupy the hole, the section will begin to 

undergo a change in its strength. 

The process set out below has been followed to analyse the section: 

1. The interaction diagram is obtained for the case of a solid section, i.e., without the 

hole or assuming it is full of concrete having the same characteristics as the rest of the 

pillar. The following table is a summary showing the maximum failure moments and 
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their accompanying forces on one side, and the maximum axial force for centred 

compression. These final maximum failure axial forces correspond to a null bending 

moment, basically of theoretical interest, given that in a reinforced concrete 

monolithic building structure, we will never have axial forces only, because there will 

always be a bending component. 

2. The interaction diagrams are calculated for the sections with the off-centred hole, also 

drawing the same graph as the diagrams of the solid sections. The following table 

shows a summary of the results of the interaction diagrams. There it can be seen how 

a slight increase in bending capacity, around 6-7%, occurs in every case. There is also a 

slight increase of between 6% and 8% in the maximum failure axial force without any 

type of bending.  As can be seen in the figures in Annex 1, the interaction diagrams of 

the section with the tube "envelop" the original section, which indicates that the 

presence of the tube increases the strength capacity of this section with regard to 

flexural compression stress. 

Concrete 

 

Section 

 

Mu max 

(mt) 

Nd conc. (t) 

 

Nd max (t) 

 

Mu conc. 

(mt) 

HA-25 

 

Solid 65.1 525 1456 0 

With hole 69.1 650 1550 8.9 

HA-30 Solid 74.5 650 1710 0 

With hole 79.6 750 1850 7.2 

HA-35 Solid 83.6 750 1965 0 

 With hole 89.6 850 2126 7.5 

 

All these values are found in the tables and graphs of Annex no. 1. 

It should be borne in mind that the calculation of the section with the steel tube has been 

made taking into account a reduced limit strength value (calculated in Section 3.1) so as to 

take into account that the tube would absorb the reduction of the shear strength caused by 

the reduction of the concrete section. Therefore, this study also includes the shear strength 

effect. 

It should also be borne in mind that the effect of the tube is only considered for compression 

(not tensile force) and therefore, there are no connection problems, because the tube could 

directly transmit the compression to the concrete through its end (the tapered shape would 

likewise favour this transmission) without having to depend on the longitudinal shear force 

(which, however, would also play a part). 

4.- CONCLUSIONS.- 

This study analyses the effect on the behaviour of the reinforced concrete supports by the use 

of the anti-fall system developed by ENCOFRADOS ALSINA S.A. 
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Computer programs developed in-house have been used, applying at all times the standards of 

the current Structural Concrete Code, EHE, and the NBE-EA-95. 

This study has been conducted for a small section, the smallest and least reinforced of those 

normally used in construction, so that the effects of the relative influence of the hole where 

the hanger is housed would be as strong as possible. Any support with larger dimensions than 

the one analysed, for example, a square with 30 cm sides or with more reinforcement than 

assumed, such as a round hole with a 12 millimetre diameter on each corner and minimal 

borders, would be affected less by the presence of the hole than the support studied in this 

report. This type of support has been studied for the three most common types of concrete 

used in building pillars, HA-25, HA-30 and HA-35. A tube with a different thickness is used in 

each one of them. 

If while the concrete is being poured on the top slab the hole is filled in with a concrete of the 

same or higher quality than the rest of the support, its behaviour will be the same as or better 

than expected in the structure project, so there would be no reason for any further analysis. 

Even though due to the sizes of the hole and the construction process it would be normal for it 

to be filled with concrete, a situation in which this does not occur has been analysed, i.e., a 

hole without concrete is left at the top of the support. 

The least favourable hypothesis has been used, in which the hole is laterally off-centred by 5 

centimetres, due to it having been placed manually. 

The results between a solid section and the section with the hole have been compared, which 

shows a relative variation of the failure forces, taking as reference the solid section. 

The most important conclusions are as follows: 

1.Even though when dealing with concrete the supports are usually sized for shear and flexural 

compression stress independently, in this study we have considered them together, similar to 

the way sections of a metal structure are analysed. This way makes it easier to consider the 

effect of the steel tube. 

2.In this way, the reduction of the shear strength of the section caused by the hole in the 

concrete would be absorbed if the flexural compression stress calculation assumes that the 

steel tube undergoes a reduction of its limit strength of between 1.42% and 2.16% (depending 

on the strength of the concrete and, consequently, the thickness of the tube used). 

3. Bearing in mind this reduction of the limit strength of the steel, the diagram of the axial 

force - moment of the section has been calculated, without changes and with the tube (see 

Annex 1). As can be seen in the figure, the interaction diagrams of the sections with the tube 

"envelop" the diagrams of the original sections, which indicates that the presence of the tube 

increases the strength capacity of this section with regard to flexural compression stress, 
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including when the reduction of the limit strength is considered so as to take into account the 

effect of the shear strength. 

4.Consequently, it may be concluded from the cases studied that when the steel tube 

described as housing of the anti-fall system is inserted, not only is the strength capacity of the 

section of the pillar not weakened, but is in fact increased. 

Valencia, February 2003 

Signed: Pedro A. Calderón García 
Dr. in Civil Engineering. 
Tenured Lecturer in Construction and Prefabrication 
 

Signed: Juan José Moragues Terrades 
Dr. in Civil Engineering.  

Professor of Construction and Prefabrication 
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ANNEX No. 1 

ANALYSIS OF FLEXURAL COMPRESSION STRENGTHS 
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COMPARATIVE CALCULATIONS OF SECTIONS 

AT FLEXURAL COMPRESSION STRESS HA-25 

 
 

 
CROSS-SECTION WITHOUT HOLES 

5 cm OFF-CENTRED CROSS-SECTION 

WITH HOLE, METAL TUBE AND SHEAR 

EFFECT 

Nd(Kn) Mu+(mkN) Mu-(mkN) Nd(Kn) Mu+(mkN) Mu-(mkN) 

-196.70 0.00 0.00 -196.70 0.00 0.00 

-150.00 5.40 -5.40 -150.00 5.40 -5.40 

-100.00 11.60 -11.60 -100.00 11.60 -11.60 

-50.00 17.70 -17.70 -50.00 17.70 -17.70 

0.00 23.60 -23.60 0.00 23.60 -23.60 

50.00 29.30 -29.30 50.00 29.30 -29.30 

100.00 34.60 -34.60 100.00 34.60 -34.60 

150.00 39.80 -39.80 150.00 39.80 -39.80 

200.00 44.50 -44.50 200.00 44.50 -44.50 

250.00 49.00 -49.00 250.00 49.00 -49.00 

300.00 53.10 -53.10 300.00 53.10 -53.10 

313.50 54.20 -54.20 313.50 54.20 -54.20 

350.00 56.80 -56.80 327.00 56.60  
400.00 59.90 -59.90 350.00 58.00 -56.80 

450.00 62.50 -62.50 400.00 61.10 -59.90 

500.00 64.40 -64.40 450.00 63.80 -62.50 

525.00 65.10 -65.10 500.00 66.10 -64.40 

550.00 64.80 -64.80 550.00 68.00 -64.80 

575.00 64.30 -64.30 600.00 69.40 -63.80 

600.00 63.80 -63.80 650.00 69.10 -62.60 

650.00 62.60 -62.60 700.00 68.30 -61.20 

700.00 61.20 -61.20 750.00 67.30 -59.60 

737.00 60.20 -60.20 800.00 66.10 -58.30 

750.00 59.60 -59.60 850.00 64.70 -56.00 

800.00 57.70 -57.70 900.00 62.90 -53.60 

850.00 55.40 -55.40 950.00 60.80 -50.80 

900.00 52.90 -52.90 1000.00 58.30 -47.70 

950.00 49.90 -49.90 1050.00 55.60 -44.40 

1000.00 46.50 -46.50 1100.00 52.50 -40.80 

1050.00 42.80 -42.80 1150.00 49.00 -36.70 

1100.00 38.60 -38.60 1200.00 45.00 -32.30 

1150.00 33.90 -33.90 1250.00 40.50 -27.50 

1200.00 28.60 -28.60 1300.00 35.50 -22.40 

1250.00 23.30 -23.30 1350.00 30.20 -17.20 

1300.00 18.00 -18.00 1400.00 24.90 -12.20 

1350.00 12.70 -12.70 1450.00 19.60 -7.20 

1400.00 7.40 -7.40 1500.00 14.30 -2.20 

1450.00 1.00 -1.00 1550.00 8.90 2.80 

1455.00 0.20 -0.20    
1456.00 0.00 0.00    

 



 
DEPARTMENT OF CONSTRUCTION ENGINEERING 

UNIVERSIDAD POLITÉCNICA DE VALENCIA 
COMPARATIVE CHART OF HA-25 INTERACTION DIAGRAMS 

 

Solid section curvature+  

 Solid section curvature – 

 Holes section curvature + 
Holes section curvature - 
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COMPARATIVE CALCULATIONS OF SECTIONS AT FLEXURAL COMPRESSION 

STRESS HA-30 

 
CROSS-SECTION WITHOUT HOLES 

5 cm OFF-CENTRED CROSS-SECTION WITH 

HOLE, METAL TUBE AND SHEAR EFFECT 

Nd(Kn) Mu+(mkN) Mu-(mkN) Nd(Kn) Mu+(mkN) Mu-(mkN) 

-196.70 0.00 0.00 -196.70 0.00 0.00 

-195.00 2.00 -2.00 -195.00 2.00 -2.00 

-150.00 5.60 -5.60 -150.00 5.60 -5.60 

-100.00 11.80 -11.80 -100.00 11.80 -11.80 

-50.00 18.10 -18.10 -50.00 18.10 -18.10 

0.00 24.00 -24.00 0.00 24.00 -24.00 

50.00 29.80 -29.80 50.00 29.80 -29.80 

100.00 35.30 -35.30 100.00 35.30 -35.30 

150.00 40.60 -40.60 150.00 40.60 -40.60 

200.00 45.80 -45.80 200.00 45.80 -45.80 

250.00 50.50 -50.50 250.00 50.50 -50.50 

300.00 55.10 -55.10 300.00 55.10 -54.20 

350.00 59.20 -59.20 350.00 59.20 -59.20 

400.00 63.00 -63.00 400.00 64.50 -63.00 

450.00 66.40 -66.40 450.00 67.70 -66.40 

500.00 69.30 -69.30 500.00 70.50 -69.30 

550.00 71.60 -71.60 550.00 73.20 -71.60 

600.00 73.30 -73.30 600.00 75.40 -73.30 

650.00 74.50 -74.50 650.00 77.40 -74.50 

700.00 73.70 -73.70 700.00 78.90 -73.70 

750.00 72.70 -72.70 750.00 79.60 -72.70 

800.00 71.50 -71.50 800.00 79.10 -71.50 

850.00 70.10 -70.10 850.00 78.40 -70.10 

900.00 68.50 -68.50 880.00 77.90 -70.00 

950.00 66.60 -66.60 950.00 76.50 -67.30 

1000.00 64.40 -64.40 1000.00 75.30 -65.10 

1050.00 61.90 -61.90 1050.00 73.70 -62.70 

1100.00 59.20 -59.20 1100.00 71.80 -60.10 

1150.00 56.00 -56.00 1150.00 69.70 -57.20 

1200.00 52.50 -52.50 1200.00 67.20 -54.10 

1250.00 48.60 -48.60 1250.00 64.40 -50.70 

1300.00 44.40 -44.40 1300.00 61.30 -47.10 

1350.00 39.70 -39.70 1350.00 57.90 -43.10 

1400.00 34.50 -34.50 1400.00 54.00 -38.80 

1450.00 29.20 -29.20 1450.00 49.90 -34.20 

1500.00 23.90 -23.90 1500.00 45.30 -29.10 

1550.00 18.60 -18.60 1550.00 40.00 -23.90 

1600.00 13.30 -13.30 1600.00 34.70 -18.80 

1650.00 8.00 -8.00 1650.00 29.40 -13.80 

1700.00 2.50 -2.50 1700.00 24.10 -8.80 

1710.96 0.00 0.00 1750.00 18.70 -3.80 

   1800.00 13.40 1.10 

   1850.00 7.20 6.30 
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COMPARATIVE CHART OF HA-30 INTERACTION DIAGRAMS 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Solid section curvature+  

 Solid section curvature – 

 Holes section curvature + 
Holes section curvature - 
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COMPARATIVE CALCULATIONS OF SECTIONS AT FLEXURAL COMPRESSION STRESS HA-35 

CROSS-SECTION WITHOUT HOLES 5 cm OFF-CENTRED CROSS-SECTION WITH HOLE, METAL 

TUBE AND SHEAR EFFECT 

Nd(Kn) Mu+(mkN) Mu-(mkN) Nd(Kn) Mu+(mkN) Mu-(mkN) 

-196.70 0.00 0.00 -196.70 0.00 0.00 

-150.00 5.70 -5.70 -150.00 5.70 -5.70 

-100.00 12.00 -12.00 -100.00 12.00 -12.00 

-50.00 18.30 -18.30 -50.00 18.30 -18.30 

0.00 24.30 -24.30 0.00 24.30 -24.30 

50.00 30.20 -30.20 50.00 30.20 -30.20 

100.00 36.10 -36.10 100.00 36.10 -36.10 

150.00 41.40 -41.40 150.00 41.40 -41.40 

200.00 46.70 -46.70 200.00 46.70 -46.70 

250.00 51.80 -51.80 250.00 51.80 -51.80 

300.00 56.50 -56.50 300.00 56.50 -55.10 

350.00 61.10 -61.10 350.00 61.10 -61.10 

400.00 65.20 -65.20 400.00 65.20 -65.20 

450.00 69.10 -69.10 450.00 69.10 -69.10 

500.00 72.60 -72.60 465.00 72.60  

550.00 75.70 -75.70 500.00 74.20 -72.60 

600.00 78.50 -78.50 550.00 77.20 -75.70 

650.00 80.60 -80.60 600.00 79.80 -78.50 

700.00 82.30 -82.30 650.00 82.50 -80.60 

750.00 83.60 -83.60 700.00 84.60 -82.30 

800.00 83.10 -83.10 750.00 86.60 -83.60 

850.00 82.40 -82.40 800.00 88.10 -83.10 

900.00 81.40 -81.40 850.00 89.60 -82.40 

950.00 80.30 -80.30 900.00 89.30 -81.40 

1000.00 78.90 -78.90 950.00 88.90 -80.30 

1050.00 77.30 -77.30 1000.00 88.20 -78.90 

1100.00 75.50 -75.50 1020.00 88.00 -79.30 

1150.00 73.30 -73.30 1050.00 87.60 -78.10 

1200.00 71.00 -71.00 1100.00 86.50 -76.20 

1250.00 68.30 -68.30 1150.00 85.40 -74.00 

1300.00 65.30 -65.30 1200.00 83.90 -71.80 

1350.00 62.10 -62.10 1250.00 82.20 -69.20 

1400.00 58.40 -58.40 1300.00 80.20 -66.60 

1450.00 54.40 -54.40 1350.00 77.90 -63.60 

1500.00 50.20 -50.20 1400.00 75.40 -60.50 

1550.00 45.50 -45.50 1450.00 72.50 -56.90 

1600.00 40.40 -40.40 1500.00 69.50 -53.30 

1650.00 35.10 -35.10 1550.00 66.00 -49.30 

1700.00 29.80 -29.80 1600.00 62.20 -45.00 

1750.00 24.50 -24.50 1650.00 58.20 -40.50 

1800.00 19.10 -19.10 1700.00 53.60 -35.50 

1850.00 13.80 -13.80 1750.00 48.70 -30.40 

1900.00 8.50 -8.50 1800.00 43.40 -25.30 

1950.00 3.10 -3.10 1850.00 38.10 -20.20 

1965.60 0.00 0.00 1900.00 32.80 -15.10 

   1950.00 27.40 -10.10 

   2000.00 22.10 -5.10 

   2050.00 16.80 -0.20 

   2100.00 11.30 4.80 

   2124.00 7.90 7.30 

   2126.00 7.60 7.50 
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Solid section curvature+  

 Solid section curvature – 

 Holes section curvature + 
Holes section curvature - 


