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Lattice Girder Elements in Four Point Bending: 
Pilot Experiment  
INGEMAR LÖFGREN 
Department of Structural Engineering 
Concrete Structures 
Chalmers University of Technology 

 

ABSTRACT: 

A test was conducted on two Lattice Girder Elements in order to evaluate the 
mechanical behaviour in bending. Lattice Girder Elements are used as permanent 
formwork in in-situ concrete construction. However, the present design method for 
the elements is based on empirical expressions and is believed to be over conservative 
and, most important, not sufficient to describe the mechanical behaviour. In the 
conducted test it was found that the peak-load was limited by buckling of the top 
chord in the lattice girder. Furthermore, cracking of the concrete started at a low load 
level (typical at 20 percent of the peak-load). However, the crack widths were small 
even at the peak-load. The suggested analytical method seems to be able to predict the 
behaviour rather well but the study indicates some parameters that are crucial and 
which need to be investigated further. 
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1 Introduction 
The cost of formwork is an essential element in the total cost of an in-situ cast 
concrete building. One attempt to rationalise construction is by means of permanent 
formwork. Permanent formwork can be classified into two different categories: 

(a) leave-in-place forms, which derive their economy from saving the cost of 
stripping and cleaning; and 

(b) participating forms, which function as an integral part of the structure when in 
service; they achieve their economy by saving the cost of stripping and 
cleaning, by replacing some of the reinforcement, and by composite action 
adding to the load-carrying capacity. 

The lattice girder element, see Figure 1, is an example of a permanent formwork 
system. From the contractor’s point of view, there is a desire to reduce the spacing of 
propping (less congestion and disturbance on site) and thereby minimise the needs for 
temporary works and the associated costs. As a result of these new requirements the 
existing design method need to be modified. A model is needed that allow the 
designers to take into account relevant parameters such as: material properties, 
geometric configuration, creep and shrinkage, for the design. Additionally, new 
materials, e.g. fibre reinforcement, are not treated in the existing design method. 

 

Figure 1. Lattice girder element. 

The current design method is based on empirical expressions (evaluated from full-
scale testing performed 25 years ago) instead of a coherent mechanical model. Hence, 
this leads to a limitation to standard solutions, because non-standard solutions cannot 
be treated. Another disadvantage is that the flexural stiffness of the elements is not 
calculated, and as a consequence stresses, strains, deflections, and crack-widths 
cannot be calculated. Furthermore, the stiffness is also needed to calculate the 
shoring/propping loads. 

The aim of this test series is to gain knowledge of the mechanical behaviour of the 
lattice girder system, and similar systems. The intention is to develop a mechanical 
model that describes the behaviour of the elements and the mechanisms of failure. 
The model can then be used for development of the system and also for new 
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formwork systems and to present new design guidelines with regard to propping 
requirements. The test series reported here is a preliminary study to provide 
information for a larger test series to be performed at a later date. 

1.1 Limitations 

This preliminary study is limited to two identical elements (size 1200 x 2010 x 50 
mm), simply supported and loaded by two symmetrically positioned point loads. The 
concrete grade of the elements is K 35 (equivalent to C 26/35). The elements are 
reinforced with two lattice girders 10-6-5 H=200 mm (top chord φ 10, diagonal φ 6, 
bottom chords φ 5, and a height of 200 mm) together with nine φ 10 bars as the main 
reinforcement.  

1.2 The lattice girder system 

The lattice girder element (or filigran plate – plattbärlag) is an example of a 
permanent formwork system. It is a semi-precast floor system consisting of a precast 
panel (with a minimum thickness 40 mm), a lattice girder (wire trusses), and bottom 
reinforcement. The elements are cast in a factory, transported to the site, and finally 
lifted into place before in-situ casting. The different stages to be considered when 
designing the elements are: 

(a) Stage Ι – prior to placement of concrete, which includes the time: 
(i) during transportation, handling and erection – e.g. damage during lifting;  
(ii) once the formwork is erected but prior to placement of the concrete – e.g. 

deflections, excessive cracking and damage from construction loads, 
temporary stabilisation. 

(b) Stage ΙΙ – during placement of concrete up until concrete hardens – e.g. 
deflections and excessive cracking during casting. 

(c) Stage ΙΙΙ – during usage of the structure, which includes: 
(i) normal usage (serviceability limit stage) - e.g. deflections, cracks, 

vibrations, acoustics, thermal comfort; 
(ii) at overloads (ultimate limit state) - e.g. strength, ductility. 

 

Figure 2. Erection of lattice girder element on the construction site. 
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Figure 3. Lattice girder. 

On the construction site (before, during and after concrete casting) the floor panels 
must be able to support load from: 

� self weight of precast panels; 
� dead load of the wet in-situ concrete (including localised mounding during 

placing); and 
� live loads (due to stacked materials, workmen and equipment). 

The design criteria’s can be divided into serviceability- and ultimate limit state design 
objectives. In the ultimate limit state (ULS) the main requirement is that the overall 
system and each of its members should have the capacity to sustain all design loads 
without collapsing. Adequate strength and safety is achieved if the following failures 
are avoided: failure of critical sections; loss of equilibrium of the overall system or 
any part of it; or by loss of stability due to buckling of the lattice girder or any of its 
members (the top chord or the diagonals). 

In the serviceability limit state (SLS) the following requirements should be fulfilled: 
deflections and local deformations must not be unacceptably large; tensile cracks 
widths must be limited (or cracking may not be allowed); and local damage must be 
prevented. However, if cracking is allowed the crack width in the finished slab must 
be calculated considering that the element is cracked and the stress present in the 
reinforcement before the additional load is applied. These effects must be added when 
calculating the final crack width. 

1.3 Present design method 

In the existing design manual propping requirements are calculate with empirical 
equations, see design guidelines produced by FUNDIA 1992. The equations are valid 
for a construction load of 1.5 kN/m2 (or a point load of 1.5 kN). Furthermore, other 
parameters that are taken into account are: the material properties of the concrete (i.e. 
modulus of elasticity and tensile strength), the material properties of the 
reinforcement, reinforcement layout, and the capacity of the lattice girder (i.e. the 
buckling load which is affected by initial imperfections and residual stresses). 
However, these parameters are considered implicitly in the equations (they are 
embedded in the equations) and, as a result, they could be said to be valid only for 
standard cases within a given interval of the parameters. 
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For example, for a element the following equations are presented to calculate the 
maximum allowable span: 
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Figure 4. Explanation of parameters used in formulas to calculate allowable spans. 
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2 Test program 
Tests were conducted on two identical elements, simply supported loaded by two 
symmetrically positioned point loads, see Figure 5. The test specimens were 
manufactured the 18:th of April 2001 at Laneryrs factory in Uddevalla, see Figure 6. 
The elements were, when the concrete had hardened, transported to the laboratory of 
the Department of Structural Engineering. The tests were performed on two separate 
occasions. Slab number 1 was tested after 34 days and slab number 2 the following 
day at an age of 35 days. 

  Q 

610 610 790 

Q 

2010 

 

  

1200 

2100 

50 

200 

1200 

Applied 
load Q 

Applied 
load Q 

 

Figure 5. The geometry of the elements and load arrangement. 
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Figure 6. Manufacturing of the elements. 
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Figure 7. Geometry of the lattice girder used in the test. 
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3 Test arrangements 
The tests wee carried out by means of displacement control, with a mid-span 
displacement rate of about 0.2 to 0.3 mm/min. After the maximum load was reached 
the displacement rate was increased to the double speed. The load was applied by a 
hydraulic jack and was measured by a load gauge placed under the jack. The 
displacement, relative to the floor, of the slabs was measured by means of 
displacement transducers. Displacement transducers were placed in mid-span and 
under each point load, see Figure 8. In addition, one displacement transducer 
measured the relative displacement at on of the supports. The strain in the 
reinforcement was measured by strain gauges glued to the reinforcement. In slab 
number 1 ten strain gauges were attached, see Figure 11, and in slab number 2 twelve, 
se Figure 12. The results were stored on a computer every third second. 

 

610 610 790 

Load gauge 

Expanded 
polystyrene 

Expanded 
polystyrene 

Displacement 
transducers 

Displacement 
transducer 
 

Point load 

Spreader 
beams 

 

Figure 8. The set-up used in the test. 
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Figure 9. The set-up used in the test. 
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Figure 10. Placement of displacement transducers and strain gauges. 
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Figure 11. Geometry of slab no. 1 with placement and numbering of strain gauges. 
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Figure 12. Geometry of slab no. 2 with placement and numbering of strain gauges. 

 



 10 

4 Material Properties 

4.1 Concrete 

The concrete mixture used in the factory, see Table 1, is designed for a characteristic 
compressive strength, measured on a cube, of fck,cube = 35 MPa at the age of 28 days. 
This is equivivialant to a compressive cylinder strength fck,cyl = 28 MPa. The test 
specimens and the slabs were cast from the same batch. The reference samples (i.e. 
cubes, cylinders, and RILEM-beams) were stored according to Swedish standard. The 
slab elements were air cured, first in the factory and later in the laboratory. 

Table 1. The concrete mixture. 

Concrete mixture: C 26/35, wct 0.59,Ssemi-fluid consistence, Dmax 18mm. 
Cement (II/A-LL 42,5) 

(Bygg.cem. Skövde) 
 

Stone 
8 - 18 mm 
(crushed) 

Sand 
0 – 8 mm 

Water Plasticizer 
 

Air-
entraining 
admixture 

Total 
weight 

[kg] [kg] [kg] [litre] [litre] [litre] [kg] 
340 842 949 200 5  2330 

The compressive strength of the concrete was determined in material tests on three 
cubes (150 x 150 x 150 mm) at the age of 28 days and six cylinders (φ150 x 300 mm) 
at the age of 34 days, the same day as the first slab were tested. The material test 
specimens were cast and cured according to Swedish standard. All of the cylinders 
and cubes were cured covered during the first day after casting, the moulds were 
removed after one day. The cylinders were wet stored, according to the Swedish 
standard SS 237230 (see BST, 1991). The cubes were wet stored in four days and then 
air cured in the laboratory until testing. The modulus of elasticity of the concrete was 
determined from three cylinder tests, see Table 3. 

Table 2. Cube strength at 28 days. 

Cube no. Age [days] fc,cube [MPa] 
1 28 46.7 
2 28 46.9 
3 28 46.7 
 Average values: fc,cube  = 46.8 [MPa] 

 

Table 3. Cylinder strength and modulus of elasticity at 34 days. 

Cylinder 
no. 

Age [days] fc,cyl [MPa] Ec0 [GPa] Eci [GPa] 

1 34 34.8   
2 34 34.5   
3 34 36.0   
4 34 35.8 26.0 25.3 
5 34 36.6 27.9 27.3 
6 34 36.3 26.5 26.1 

Average values: fc,cyl = 35.7 [MPa], Ec0 = 26.8 [GPa], Eci = 26.2 [GPa] 
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The fracture energy was determined by use of three RILEM-beams (740 x 100 x 100 
mm) in three point bending, according to RILEM (1985), see Table 4. The test was 
carried out at SP, the Swedish National Testing and Research Institute, in Stockholm 
(at an age of 35 days), see Appendix C. 

Table 4. Fracture energy at 35 days. 

Beam no. Age [days] GF [Nm/m2] 
1 35 136 
2 35 121 
3 35 141 
 Average values: GF = 133 [Nm/m2] 

 

4.2 Reinforcement 

The lattice girder elements were reinforced with nine φ10 reinforcement bars (K500 
ribbed hot-rolled, manufactured by Fundia). The material properties for the φ10 K500 
reinforcement were evaluated from five specimens, see Table 5 and Figure 13 for 
explanation of notations. The material properties were evaluated from the measured 
cross-sectional area, as given in Table 5. 

Table 5. Mechanical properties for the φ10 Ks500, ribbed hot-rolled. 

Specimen 
no. 

As 
[mm2] 

fyH  
[MPa] 

fyL  
[MPa] 

εy  
[%o] 

εSH  
[%] 

ft  
[MPa] 

ft / fy εu  
[%] 

Es  
[GPa] 

1 69.32 609 604 2,86 3,08 681 1,12 12,5 213 
2 69.88 597 587 2,73 3,14 668 1,12 12,0 219 
3 69.92 569 564 2,68 3,14 649 1,14 14,0 212 
4 70.21 616 607 2,88 3,40 681 1,11 13,0 214 
5 70.36 569 563 2,73 3,20 641 1,13 11,5 208 

Average 
values 

69.94 592 584 2.78 3.19 664 1.12 12.6 213 

Strain, ε [%] 

Stress, σ 

εu 

∆ε 

∆σ 

ft 

fyH 

fyL 

ε
σ

∆
∆=sE  

εSH εy  

Figure 13. Stress-strain diagram for hot-rolled reinforcing steel. 
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The lattice girder consists of: a top chord φ10 (smooth cold-worked), continuous 
diagonals: φ6 (ribbed cold-worked), and bottom chords φ5 (ribbed cold-worked). The 
lattice girders used in the test where manufactured in Germany. The material 
properties for the top chord (φ10 cold-worked reinforcement) were evaluated from 
four specimens, see Table 6 and Figure 14 for explanation of notations. The welded 
diagonals where cut off before testing, see Figure 14. The material properties were 
evaluated from the measured cross-sectional area, as given in Table 6. 

Table 6. Mechanical properties of the top chord in the lattice girder - φ10, cold-
worked. 

Specimen 
no. 

As 
[mm2] 

f0.2  
[MPa] 

εy  
[%o] 

ft  
[MPa] 

ft / fy εu  
[%] 

Es  
[GPa] 

1 78.62      201 
2 78.58 624 3.06 643 1.03 3.3 204 
3 79.17 625 3.14 645 1.03 2.6 199 
4 78.93 613 3.07 633 1.03 2.5 200 

Average 
values 

78.83 621 3.09 641 1.03 2.8 201 

 

Strain, ε [%] 

Stress, σ 

εu 

Es 

ft 

f0.2 

0.2 % 
 

Figure 14. Stress-strain diagram cold-worked reinforcing steel. 
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5 Test results 
During the tests, cracks and the crack propagation was visually observed. However, 
the cracks were difficult to observe because of the small crack widths. Therefore, the 
first visual cracks were detected close to maximum load (at a deflection of 
approximately 8 to 10 mm). At maximum load the top chord in the lattice girders 
buckled, which caused the load to drop to about 60 percent of the maximum load, see 
Figure 15. The tests continued until a deflection of 50 mm was reached, the elements 
could still carry a large load at these deflections.  

The measured deflection should be adjusted for the support displacement. However, 
in the first test performed, slab number 1, the support displacement was not recorded 
due to a malfunction. As a result, it is difficult to compare the measured deflection of 
slab number 1 with analytical and numerical calculations. 

Load-Displacement curve

0
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Displacement, y  [mm]

Load, P  [kN]

Slab no. 2
Adjusted displacement

Slab no. 1
Slab no. 2

 

Figure 15. Load versus mid-span displacement for the two tested slabs. 

The load-displacement curves (not adjusted for support displacement) for the two 
tested slabs, both supposed to have the same geometry and material properties, shows 
good conformity. Slab number 2 reaches a slightly higher maximum load. This is 
probably due to differences in the geometry and primarily in the lattice girders, since 
the top chord is sensitive to imperfections. Nevertheless, up to the maximum load 
there is good agreement between the two tested slabs.  
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Load-Displacement curve 
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Figure 16. Load-displacement characteristics. 

The initial, almost linear relationship between load, P, and deflection, y, applies until 
the onset of (macro) cracking. The cracks continue to grow and form as the load, P, 
increases, in the load-displacement curve this is indicated in a region of decreasing 
stiffness (AB). The primary cracks are forced to form, or initiated, where the 
diagonals intersect each other, see Figure 17. A second near-linear range of behaviour 
occurs until secondary cracks are formed (BC). A third near-linear range of behaviour 
occurs when the crack pattern is well developed (CD). The last stage is reached when 
second-order effects, in the top chord of the lattice girder, reduces the stiffness of the 
system. This takes place until buckling occurs (DE). 

 

Primary cracks 
 

Figure 17. Crack formation and crack pattern initiated by the geometry. 
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Figure 18. Crack pattern after maximum deflection (max deflection 50 mm = L/40). 

 

Figure 19. Failure mechanism at peak load, buckling of the top chord. 

The development of strain in the embedded reinforcements next to the lattice girder 
indicates a different response depending on the location, see Figures 20 and 21. The 
reinforcement next to the edge (gauge no.7 in Figure 11 and gauge no. 5 in Figure 12) 
first undergoes negative strain increment (i.e. the reinforcement is being compressed) 
and later the strain remains more or less constant. The reinforcement located in the 
interior of the slab undergoes a positive strain increment (i.e. it is being tensioned). 
This behaviour could be explained as a shear lag effect. For wide slender flanges, as 
the concrete towards the edge, shear deformations of the flanges cause sections not 
remain plain. 
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Strain in gauges no. 7 & 8
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Figure 20. Comparison of strains in the reinforcement next to the lattice girder 
(gauge no. 7 towards the edge and gauge no. 8 towards the mid) in slab number 1. 

Strain gauges no. 5 & 6
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Figure 21. Comparison of strains in the reinforcement next to the lattice girder 
(gauge no. 5 towards the edge and gauge no. 6 towards the mid) in slab number 2. 
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6 Material Properties used in analytical model 
The tensile strength was not measured in specific tests. However, it is possible to 
relate the tensile strength to the compressive strength. In CEB/FIP Model Code 1990 
the relationship between the characteristic compressive strength and the tensile 
strength is given as: 

32

0
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�
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�
�
�
�

�
⋅=

ck

ck
mctkctm f

f
ff  

Where: 
40.1,0 =mctkf MPa 

100 =ckf  MPa 

This relationship indicates a tensile strength of: 
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87.35
40.1

32
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�

�
�
�

� −⋅=ctmf  MPa 

When performing analysis (both for analytical and finite element) average values of 
the measured properties have been used. However, a tensile strength of 2.50 MPa has 
been used instead of the calculated value 2.76 MPa. The reason is that the elements 
where air cured in a dry environment and shrinkage of the concrete will induce tensile 
stresses in the element. 
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7 Analytical model 
In the analytical model, the basic theories and models used for reinforced concrete 
elements (e.g. flexural strength theory, tension stiffening) are combined with theories 
and models used for slender structures (e.g. buckling analysis). 

When analysing the flexural behaviour, it is assumed that the concept of transformed 
steel area (or equivalent concrete section) can be used. Because the steel is stiffer than 
the concrete by the ratio n = Es /Ec, any area of steel As can be replaced by an 
‘equivalent’ concrete area nAs, which for the same strain carries the same force that 
the steel would carry. It is further assumed that the stiffness of the element can be 
calculated with an effective concrete width. The reason for not calculating with the 
full width is that for slender and wide flanges, plane sections do not remain plane. In 
the design of T-beams it is often chosen as 2(l0/10), where l0 is the distance between 
points of contraflexure. For a simple span, l0, is the effective span length. 
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Figure 22. Analytical model for analysis of the lattice girder element. 
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In the analysis it is assumed that for the un-cracked section (state I) the flexural 
stiffness is calculated using the transformed section. It is assumed that when the 
concrete cracks (State II) it does not contribute to the stiffness. Depending on the 
geometry (slab thickness, truss height, and the diameter of the to chord) the concrete 
in compression may contribute to the stiffness. However, if buckling of the top chord 
where to be prevented to buckle only the lattice girder would contribute to the 
stiffness since the cracks would have penetrated through the slab.. Tension stiffening 
can be taken into account by using the formula suggested by Branson (1968), or with 
the method used in EC 2.  
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Where: 
σs  is the stress in the tension reinforcement calculated on the basis of a 

cracked section; 
σsr  is the stress in the tension reinforcement, calculated on the basis of a 

cracked section, under the loading conditions causing first cracking; 
β1  is a coefficient which takes account of the bond properties of the bars 
 = 1.0 for high bond bars, 
 = 0.5 for plain bars; 
β2  is a coefficient which takes account of the duration of the loading 
 = 1.0 for a single, short term loading, 
 = 0.5 for a sustained load or for many cycles of repeated loading. 

The maximum moment capacity is limited by buckling of the top chord. The buckling 
stress can be calculated according to EC3. The manufacturing process (the welding) 
and the handling of the lattice girder give rise to initial imperfections and residual 
stresses which in turn affect the buckling behaviour. Subsequently, this must be 
considered in the analysis.  
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Figure 23. Relation between moment and curvature and corresponding load 
deflection curve. 

The lattice girder element is a composite system (both before and after the in-situ 
casting). Hence, it is the combination of the lattice girder and the concrete slab that 
provide the stiffness to the system. The components of the system (the lattice girder 
and the concrete slab) will not by them selves ad up to the total stiffness, see Figure 
24. As a result, when the system ceases to act compositely (when the concrete is 
cracked) the behaviour/response is more like that of the individual parts. 
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Figure 24. Load-deflection of the composite system (the Lattice Girder Element) 
compared to the Lattice Girder and the concrete element. 
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8 Comparison of experimental and analytical 
results 

First of all, the predicted load-displacement response is rather sensitive to the choice 
of concrete tensile strength. Since no direct measurement was made of the tensile 
strength it was calculated by means of the compressive strength. However, as the 
response is sensitive to the choice of tensile strength this should, in the next test 
series, be measured and tested. Furthermore, shrinkage of the concrete will produce 
stresses in the section even before the load is applied. Actually, the concrete can have 
tensile stresses as much as up to 30 % of the tensile capacity due to shrinkage – this 
must be considered in the design. 
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Figure 25. Comparison of experimental result and analytical model. 

The sensitivity of the analytical model was investigated by means of a simple 
parameter variation. The parameters that were changed were: the tensile strength of 
the concrete (see Figure 26), the elastic modulus of the concrete (see Figure 27), the 
effective width (see Figure 28), and the elastic modulus of the reinforcement (see 
Figure 29). The parameter variation indicate that the most critical parameter is the 
tensile strength of the concrete, a relatively small variation of the tensile strength 
cause a large difference in the predicted deflection.  
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Figure 26. Influence of the concrete tensile strength on the calculated load-deflection. 

Secondly, the elastic modulus of the concrete is also an important parameter. An 
increase of the elastic modulus, keeping the tensile strength constant, will not lead to 
increased stiffness (except for the first part when the section is un-cracked). Instead an 
increased elastic modulus will attract more stresses to the concrete section, which then 
will crack at a lower load. 
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Figure 27. Influence of the modulus of elasticity  of the concrete. 

Thirdly, the choice of effective width is important, but it is not that critical for the 
response. However, it should be investigated further to get more insight into the 
problem and to be able to predict reasonable width. The choice of  
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Figure 28. Influence of the effective width. 
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9 Conclusions 
Tests were made on two ‘identical’ lattice girder elements as a pilot experiment in 
order to provide input to a larger test series to be performed. Furthermore, the tests 
where also intended to investigate the possibility to develop a general analytical 
model which is intended to be used for the design of lattice girder elements. The tests 
indicate that the suggested model can be used to calculate flexural strength and 
stiffness.  

The behaviour of the elements can be divided into three phases: 

� The initial response, for which the section is un-cracked and the load-deformation 
curve is nearly linear. In this phase the flexural stiffness can be calculated by 
means of an equivalent concrete section (using an effective width). 

� The second phase is initiated by the cracking of the concrete in tension. The 
response becomes non-linear, and the flexural stiffness starts to decrease. 
Cracking starts at a relative low load and the total response is to a great extent 
influenced of this. Hence, the tensile strength of the concrete is an important 
parameter and, furthermore, it is also affected by the relative stiffness of the 
concrete (i.e. the ratio between the elastic modulus of the reinforcement and the 
concrete). 

� The last phase of the response is reached when the top chord starts to exhibit 
buckling. This takes place at rather low stresses, which primarily depend on the 
slenderness of the top chord. In the experiment this was at stresses about 260 to 
300 MPa. When the stresses in the top chord reach the buckling stress the stiffness 
of the truss will decreases until the maximum load is reached. The analytical 
model can predict the behaviour up to this point, but not there after.  

The suggested analytical model seems to be able to predict the flexural behaviour 
fairly good. Hence, it seams reasonable that the model could be further developed for 
the design and analysis of lattice girder elements considering the geometry and 
material parameters as well as different loading conditions. However, there are 
parameters that are critical for the model and these are to be investigated further.  
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APPENDIX A -  Test Results Slab number 1 
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Figure A1. Load versus mid-span displacement for slab number 1 (not adjusted for 
support displacement). 
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Figure A2. Displacement in mid-span and at point loads for different load levels (not 
adjusted for support displacement). 
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Load-Deformation curve 
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Figure A3. Load versus mid-span displacement up to maximum load for slab number 
1 (not adjusted for support displacement). 



 A3 

Strain in gauges no. 1 & 2 and 9 & 10
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Figure A4. Strain versus load, strain in bottom chords of the truss. 
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Figure A5. Strain versus mid-span deflection, strain in bottom chords of the truss. 
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Strain  in gauges no. 3 & 4
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Figure A6. Strain versus load, strain in top chord of the truss. 
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Figure A7. Strain versus mid-span deflection, strain in top chord of the truss. 
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Figure A8. Strain versus load up to maximum load, strain in top chord of the truss. 
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Figure A9. Strain versus mid-span deflection up to maximum load, strain in top chord 
of the truss. 
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Strain in gauges no. 5 & 6
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Figure A10. Strain versus load, strain in diagonals at support. 
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Figure A11. Strain versus mid-span deflection, strain in diagonals at support. 
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Strain in gauges no. 7 & 8
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Figure A12. Strain versus load, strain in the reinforcement next to the truss. 
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Figure A13. Strain versus mid-span deflection, strain in the reinforcement next to the 
truss. 
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Figure A14. Strain distribution over the section, values from gauges nr. 1 & 2 (bottom 
reinforcement) and 3 & 4 (top chord), (average values are used for both top and 
bottom). 
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APPENDIX B -  Test Results Slab number 2 
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Figure B1. Load versus mid-span displacement for slab number 2 (adjusted for 
support displacement). 
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Figure B2. Displacement in mid-span and at point loads for different load levels 
(adjusted for support displacement). 
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 Figure B3. Load versus mid-span displacement up to maximum load for slab number 
2 (adjusted for support displacement). 
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Strain gauges no. 1, 2, 3, & 4
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Figure B4. Strain versus load, strain in bottom chords of the truss. 
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Figure B5. Strain versus mid-span deflection, strain in bottom chords of the truss. 
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Strain gauges no. 5 & 6
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Figure B6. Strain versus load, strain in the reinforcement next to the truss. 
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Figure B7. Strain versus mid-span deflection, strain in the reinforcement next to the 
truss. 
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Strain gauges no. 7 & 8
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Figure B8. Strain versus load, strain in bottom chords of the truss. 
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Figure B9. Strain versus mid-span deflection, strain in bottom chords of the truss. 
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Strain gauges no. 9 & 10
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Figure B10. Strain versus load, strain in top chord of the truss. 
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Figure B11. Strain versus mid-span deflection, strain in top chord of the truss. 
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Figure B12. Strain versus load up to maximum load, strain in top chord of the truss. 
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Figure B13. Strain versus mid-span deflection up to maximum load, strain in top 
chord of the truss. 
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Strain gauges no. 11 & 12
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Figure B14. Strain versus load, strain in diagonals at support. 
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Figure B15. Strain versus mid-span deflection, strain in diagonals at support. 
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Figure B16. Strain distribution over the section, values from gauges nr. 7 & 8 (bottom 
reinforcement) and 9 & 10 (top chord), (average values are used for both top and 
bottom). 
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APPENDIX C -  Test Results Material Properties 

Compressive strength measured on cubes 150x150x150 

 

Betongrecept: K 35, vct 0,59 - Halvflyt Max. Stenstorlek 18 mm
Sten Vatten Grus T-medel Luft Vikt

 8 - 18 mm 0 - 8 mm
[kg] [lit] [kg] [lit] [lit] [kg]
842 200 949 5 2330

KUB Vikt Densitet Area
b l h f Last fcc fck0,05

[nr] [kg] [mm] [mm] [mm] [mm] [kg/m3] [mm2] [N] [MPa] [MPa]
1 7,92 150 149 150 2362,42 22350 1043000 46,67
2 7,99 150 150 150 2367,41 22500 1055000 46,89
3 8,07 151 150 151 2359,55 22650 1057000 46,67

Medelvärde: 2363,1 46,7
Standardavvikelse: 3,98 0,13

Medelvärde efter 28 dygn
Sats I: fcc,kub = 46,74 [MPa]

Densitet = 2363 [kg]

(II/A-LL 42,5)

Mått Tryckprov

Cube Testing

Projektledare: Ingemar Löfgren Beteckning: Arbnr 112
Gjutning den: 2001-04-18 Provning den: 2001-05-16
Önskad medelkub-hållfasthet: 42 [MPa] vid 28 dygn

Cement Bygg cem Skövde 

[kg]
340
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Compressive strength measured on cylinders 150x300 

 

Betongrecept: K 35, vct 0,59 - Halvflyt Max. Stenstorlek 18 mm
Sten Vatten Grus T-medel Luft Vikt

 8 - 18 mm 0 - 8 mm
[kg] [lit] [kg] [lit] [lit] [kg]
842 200 949 5 2330

Cylinder Vikt Densitet Area
b l h φ Last fcc

[nr] [kg] [mm] [mm] [mm] [mm] [kg/m3] [mm2] [N] [MPa]
1 300,5 149,6 17577 611000 34,76
2 300,2 149,4 17530 605000 34,51
3 298,9 149,3 17507 631000 36,04
4 300,0 149,5 17554 629000 35,83
5 299,9 149,6 17577 644000 36,64
6 300,0 149,5 17554 638000 36,35

Medelvärde: 35,69
Standardavvikelse: 0,86

Medelvärde efter 34 dygn
Sats I: fcc,cyl = 35,69 [MPa]

[kg]
340

(II/A-LL 42,5)

Mått Tryckprov

Cylinder Testing

Projektledare: Ingemar Löfgren Beteckning: Arbnr 112
Gjutning den: 2001-04-18 Provning den: 2001-05-22
Önskad medelkub-hållfasthet: 42 [MPa] vid 28 dygn

Cement Bygg cem Skövde 
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Modulus of Elasticity measured on cylinders 150x300 

 

Sten Vatten Grus T-medel Luft Vikt
 8 - 18 mm 0 - 8 mm

[kg] [lit] [kg] [lit] [lit] [kg]
842 200 949 5 2330

630 3000/0,35
36 2,09

Cylinder Vikt Densitet Area
h φ Last fcc εbrott ε0 εc,1 εc,2 Ec0 Ec,1 Ec,2

[nr] [kg] [mm] [mm] [kg/m3] [mm2] [N] [MPa] [MPa] [MPa] [MPa]
4 300,0 149,5 17553,8 629000 35,83 2666 620,5 472 472 26028 25346 25346
5 299,9 149,6 17577,3 644000 36,64 2311 577,3 438 438 27941 27277 27277
6 300,0 149,5 17553,8 638000 36,35 3174 609,3 458 459 26509 26121 26064

Medelvärde: 36,27 2717 602,3 456,0 456,3 26826 26248 26229
Standardavvikelse: 0,41 995,0 971,7 976,0

P0,45 [kN] = 284

 
Cylinder nr 4 Cylinder nr 5 Cylinder nr 6

0 s ε [µs] = 679 ε [µs] = 635 ε [µs] = 669
10 s ε [µs] = 682 ε [µs] = 638 ε [µs] = 673
20 s ε [µs] = 685 ε [µs] = 641 ε [µs] = 676
30 s ε [µs] = 688 ε [µs] = 643 ε [µs] = 679

εmv [µs] = 683,5 εmv [µs] = 639,3 εmv [µs] = 674,3

ε [µs] = 63 ε [µs] = 62 ε [µs] = 65

P1/3 [kN] = 210

Cylinder nr 4 Cylinder nr 5 Cylinder nr 6
ε [µs] = 538 ε [µs] = 502 ε [µs] = 526

ε [µs] = 66 ε [µs] = 64 ε [µs] = 68

P1/3 [kN] = 210

Cylinder nr 4 Cylinder nr 5 Cylinder nr 6
ε [µs] = 540 ε [µs] = 504 ε [µs] = 529

ε [µs] = 68 ε [µs] = 66 ε [µs] = 70
Avlasta till fcm = 0,5 [MPa], vänta 60 s och avläs töjningen:

Mått Töjning E-modul

Vänta 60 s och avläs töjningen:

Avlasta till fcm = 0,5 [MPa], vänta 60 s och avläs töjningen:

Pålastning till fcm/3 :

Vänta 60 s och avläs töjningen:

Avlasta till fcm = 0,5 [MPa], vänta 60 s och avläs töjningen:

Pålastning till fcm/3 :

Testing of  Modulus of Elasticity

Betongrecept: K 35, vct 0,59 - Halvflyt Max. Stenstorlek 18 mm

Tryckpressens lastområde/hastighet:
Trådtöjningsgivarnas k-värde:

Vänta 60 s och avläs därefter i 30s med 10 s intervall

Pålastning till 0,45 fcm:

(II/A-LL 42,5)

Förväntad maxlast [kN]:
Förväntad medelspänning fcm [MPa]:

Tryckprov

Projektledare: Ingemar Löfgren Beteckning: Arbnr 112
Gjutning den: 2001-04-18Provning den: 2001-05-22
Önskad medelkub-hållfasthet: 42 [MPa] vid 28 dygn

Cement Bygg cem Skövde 

[kg]
340

 



 C4 

Fracture Energy measured on RILEM-beams 100x100x840 
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