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Abstract: The structural behaviour of precast concrete segmental bridges is largely dependent on the behaviour of the joints between segments. The current practice is to use small keys that are usually unreinforced, distributed over the height of the web and the flange of concrete segments and these keys are normally dry. In this study, a numerical analysis model was established based on ABAQUS finite element code to investigate structural behaviour of keyed dry joints under direct shear. The concrete damage plasticity model along with the pseudo-damping scheme were incorporated to analyse the system for microcracks and to stabilize the solution, respectively. The numerical model is calibrated by full-scale experimental results published elsewhere. It was found that the predicted ultimate load, cracking evolution history, and final crack pattern agree reasonably well with experiment results. The validated numerical model was then employed for parametric study on factors affecting shear behaviour of keyed dry joints, in this case confining pressure. It has been found that shear capacity predicted by AASHTO diverges from that predicted by numerical analysis at high confining pressure because the contribution of friction in the total shear capacity reduces with the increase in confining pressure. Hence, it is recommended to reduce the friction coefficient used in AASHTO code when high confining pressure is applied. Moreover, the propagation of inclined crack is arrested at high confining pressure due to the fact that the fracture propagation direction is governed by the criterion of the maximum energy release rate.
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Introduction
Precast concrete segmental box girder bridges externally prestressed have become more and more popular in construction resulted from the demand of an economical and safe design, fast, versatile and practical construction, and excellent serviceability of concrete bridges (Poston and Wouter 1998). The overall behaviour of precast concrete segmental bridges largely depends on the joints between segments which represent locations of discontinuity along a bridge span (Issa and Abdalla 2007). Compression and shear forces across bridge sections are transmitted through these joints (Zhou et al. 2005). Individual precast segments connected by such keyed joints are then externally prestressed forming the bridge superstructure. The current practice is to use multiple castellated small keys that are usually unreinforced in the key zone, distributed over the height of the web and flanges, to provide an improved interlocking performance.
The joints can be constructed and erected either using an epoxy layer between segments or in a dry condition. It has been concluded based on experimental results that the most significant parameters that affect the shear behaviour of the keyed joints are the prestress value, thickness of epoxy, shape of the key, surface preparation, concrete strength, contact area of the joint and friction coefficient between concrete to concrete surfaces (Buyukozturk et al. 1990). Epoxied joints are regarded to be able to perform better in terms of durability and ultimate shear capacity (Koseki 1981). However, it has been found that epoxied joints fail in a brittle manner which is not desirable in structural design. Besides, epoxy has to be put in construction site and the weather condition could become a dominant factor making its quality difficult to be controlled. It also takes time for epoxy to harden thus increases the construction period. Turmo et al. (2006b) pointed out that, when possible, the use of epoxied joints should be avoided since it redounds in time savings. Therefore in modern precast concrete segmental bridge construction, dry joints are more frequently used.
Though concrete segmental bridges with dry joints may be susceptible to suffer durability problem, it seems to be more and more popular due to its simplicity in construction. However, the behaviour of dry joints has not been understood well. Experimental results from various studies all indicated that the failure model of the shear keys was fracture of concrete along the joint with shearing off the keys (Buyukozturk et al. 1988; Zhou et al. 2005; Turmo et al. 2006b). Shear strength and stiffness of keyed dry joints increased with confining stress, i.e. prestress applied on the joint holding the male and female parts together. Most researchers accept that the shear strength of keyed dry joints is contributed by two different mechanisms (Turmo et al. 2006a). The first mechanism depends on the friction resistance between the flat surfaces which attempts to slide against the other. This resistance is proportional to the actuating compression load, i.e. the confining pressure. The second mechanism represents the support effect of the castellated shear-keys which behave like small plain concrete corbels when they are in contact. If compression stresses exist, the keys turn out to be small prestressed concrete corbels and the ultimate shear capacity of keyed joint increases as compression stresses increase. Though the shear flow mechanisms across dry joints are qualitatively well known, there is no consensus regarding their quantification.
Kaneko et al. (1993a) developed a simple mechanical model for the analysis and design of plain or fibre-reinforced concrete shear key joints. Their analysis employs a single discrete crack model under wedging force and a smeared crack model under remote shear force. Their proposed formulation identifies two main fracture mechanisms for shear-off failure of key joints: single curvilinear cracking and development of multiple diagonal cracks. Kaneko et al. (1993a) also proposed a simple design formula as a first step in developing design aids for the shear strength of shear keys and subsequently validated their fracture mechanics model (Kaneko et al. 1993b). On the other hand, Kaneko and Mihashi (1999) presented an analytical damage model which is able to predict the nonlinear strain localization along the shear key base at the cracking transition for keyed dry joint, The model is able to describe the transition phenomenon between a large single curvilinear crack (S-crack) and diagonal multiple cracks (M-crack) observed during the shear-off failure sequence of concrete shear key joints. Though analytical models proposed by Kaneko et al. (1993a) and Kaneko and Mihashi(1999) are scientifically sound, they are not easy to be directly adopted by structural engineers in daily work for designing keyed dry joints. Neither are they easy to be incorporated into a full finite element model for analysing structural behaviour of precast concrete segmental bridges with keyed joints. More recently, Li et al. (2013) conducted an experimental study mainly on the behaviour of keyed joints in precast concrete segmental beams under shear, bending and combined shear and bending. They deduced formulas to evaluate the ultimate strength of keyed joints under combined shear and bending. But it should be noted that their formulae are proposed for keyed joints subjected to combined shear and bending which is not necessarily applicable to keyed joints under direct shear even assuming bending moment equal to zero in their formulas.
On the other hand, from practical point of view, there are several formulae proposed for ultimate shear strength of unreinforced keyed dry joints among which some are based on experimental results and some on theoretical or numerical analyses. These formulae are all conceptually very similar conforming to the shear stress transfer mechanism aforementioned. Foure et al. (1993) tested assemblies of three precast segments under external prestressing. A formula was proposed but needs to be more largely checked by comparison with other test results and then simplified, to make for practical use. Roberts and Breen (1993) theoretically deduced a formulation to evaluate the shear strength of keyed dry joints which later on was adopted by American Association of State Highway and Transportation Officials (AASHTO) by applying a safety factor, φj = 0.75. The AASHTO PP34-99 formulation for shear strength of keyed joints is quoted as following:
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: Characteristic compressive strength of concrete in MPa.
: Average compressive stress in concrete across the key base area in MPa.
: Area of the base of all keys in the failure plane.
: Area of contact between flat surfaces on the failure plane.
: The friction coefficient between concrete to concrete surfaces which AASHTO suggests as 0.6. It is obvious that this formula separates the shear load-bearing capacity that the joint is capable of transmitting by the keys Ak and the flat area, Asm, between the keys. On the other hand, based on nonlinear finite element analysis results, Rombach (1997) proposed another formula to calculate the shear capacity of keyed dry joints between bridge segments:
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Where , , , Asm and σn in Eq. 2 refer to their counterpart, respectively, in Equation (1). It can be seen that Rombach’s formula is similar to the AASHTO one but it does not take into consideration the internal friction of a keyed joint. However, it has been found that the application of the above formulations leads to very different values of the ultimate shear capacity of the keyed dry joints from experiment (with some results that can vary by 100%) (Zhou et al 2005; Turmo et al. 2006b).
Though there are various experimental studies on shear keys reported (notably Koseki, 1981; Buyukozturk et al. 1988; Zhou et al. 2005; Turmo et al. 2006b; Li et al. 2013), there are limited numerical analyses on shear behavior of keyed joints published. As aforementioned, Rombach (1997) conducted numerical studies on keyed dry joints using ANSYS finite element code and summarized their work by a shear design formula shown in Equation (2). Turmo et al. (2006a) conducted FEM study on the structural behavior of simply supported segmental concrete bridges with post-tension and dry joints in which castellated keyed joints were analysed using a flat joint model to avoid very fine mesh needed for keys in a full finite element model therefore to save computing cost. The joint was modelled with interface elements with different constitutive laws depending on the geometry. It should be also noted the flat joint model proposed by Turmo et al. (2006a) was a macro model for keyed joints aiming at mainly reducing computation cost for analyzing concrete segmental bridges with keyed joints between segments. It is not possible to predict the stress, strain and crack evolution in keys in the joint by this model as the keys are not geometrically modelled. The model was proposed purely for the sake of structural analysis of precast segmental concrete bridge not for the keyed joints themselves. From this point of view, it cannot be counted as a numerical model for keyed dry joints. For this purpose, a micro finite element model is needed which falls in the scope of this research. Kim et al. (2007) presented a numerical study on the flat joints between precast post-tensioned concrete segments in which they employed very similar modelling techniques to that adopted by Turmo et al. (2006a). Turmo et al. (2012) presented a joint model for studying shear transfer between match-cast keyed dry joints between concrete segments. In their model, interface elements are used to reproduce the nonlinear behaviour of the joint and parameters deduced from various tests are used to define constitutive law of those interface elements for the joint. Alcalde et al. (2013) developed a finite element model of four different types of joints, with a number of keys varying between one and seven, to analyze the fracture behavior of keyed dry joints under shear, focusing on the influence of the number of keys on the joint capacity and its average shear stress. The results show that the average shear stress transferred across joints decreases with the number of keys which is consistent with the findings of Zhou et al. (2005) from experiment. It can be seen that there are very limited numerical studies published on structural behaviour of keyed joints between concrete segments. In line with this, a numerical study was conducted in this paper based on ABAQUS finite element code to simulate the behaviour of male-female matching single-keyed dry joints under direct shear till failure. Ultimate load capacity in shear and evolution of deformation, stress and crack in keyed dry joints were obtained through numerical analyses and calibrated by full-scale experimental results presented elsewhere (Buyukozturk et al. 1988; Zhou et al. 2005). The numerical model was then employed for parametric studies on structural behaviour of keyed dry joints. Some interesting findings were presented including the recommendation of modification of AASHTO’s formula (i.e. Eq. 1) for shear capacity of keyed dry joints.
Numerical
Concrete damage plasticity model
ABAQUS code provides tools for simulating damage in concrete using one of the crack models for reinforced concrete, namely, smeared crack concrete model, concrete damage plasticity (CDP) model and brittle crack model. The CDP model has been chosen in the present study for simulating concrete. It allows the definition of inelastic behaviour of concrete in compression and tension stiffening in tension including damage characteristics in both tension and compression. The CDP model can be used in applications in which concrete is subject to static and cyclic loading. 
Initial parameters
The general CDP model parameters are chosen as follows (Kmiecik and Kaminski 2011): dilation angle, flow potential eccentricity and viscosity parameter are assigned equal to, and, respectively; the ratio of the strength in the biaxial state to the strength in the uniaxial state, =1.16; and the ratio of the second stress invariant on the tensile meridian,
Stress-strain curve of concrete under uniaxial compression
As aforementioned, CDP model is used for simulating concrete cracking and crack propagation. To employ this approach, stress-strain relationships for concrete in compression and post-failure stress-strain relationship in tension are required. In this study, the complete - curve proposed by Eurocode 2 (BSI 2004) is adopted for concrete under compression which suggests the expression:
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	.
	(4)

	
	(5)

	
	(6)

	
	(7)


 is the elastic modulus [in GPa] of concrete;  is the ultimate compressive strength of concrete. Fig. 1 shows the complete compressive stress-strain curve of concrete with the ultimate compressive stress [MPa], strain at peak stress  and ultimate strain  which is taken as 0.0035 by Eurocode 2. A linear stress-strain relationship which obeys Hooke’s law was assumed up to 40% of ultimate compressive strength () in the ascending branch.
Inelastic strains  corresponds to compressive stresses  are used in the CDP model. To obtain them, one has to substitute the total strain from elastic strain  which corresponds to undamaged material as following:
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Additionally, the compressive damage parameter  needs to be defined at each inelastic strain level. It ranges from zero for an undamaged material to one when the material totally lost its load-bearing capacity. The value  is obtained only for the descending branch of the stress-strain curve of concrete in compression as following (See Fig. 2):
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Therefore, the plastic strains calculated using Eq. 11 must be always positive:
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Post-failure stress-strain relationship in tension (Tension stiffening)
Tensile strength of concrete was taken as 10% of its compressive strength. Tension stiffening refers to the phenomenon that concrete can carry tension even after cracking though tensile strength gradually decreasing with increasing tensile strain. In this study, a linear stress-strain relation (see Fig. 3) was adopted for concrete in tension. It assumes that the strain softening after failure point reduces the stress linearly to zero at a total strain of about 10 times the strain at tensile cracking  (Simulia 2011). Cracking strains  correspond to tension stresses  are used in CDP (see Fig. 4). To obtain them, one has to substitute the total tensile strain  from the elastic strain  as following:
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Similarly to the case of compression, the tensile damage parameter  needs to be defined at each cracking strain. The  value is valid only at the descending branch of the stress-strain curve of concrete in tension as following (See Fig. 4):
	

Where:    
	(14)


The plastic strain is defined from the following equation:
	
	(15)


Crack detection in numerical analysis
The CDP model does not support the concept of cracks developing at the material integration point. However, in this study it is assumed that cracking occur at point when the maximum principal total strain exceeds the value of the strain (see Fig. 3). Under such high strain, a concrete element totally losses its resistance to tension.
Material properties for reinforcement bar
Though it has been found that the stress in the reinforcement bar was far lower than its yielding strength throughout the loading till the shear-off failure of concrete keys, without losing generality, in this study a linear elastic and fully plastic bilinear stress-strain material model was employed for reinforcement bar in tension and compression. The yield strength, elastic modulus  and Poisson’s ratio  of reinforcement bar was taken as 400 MPa, and 210 GPa and 0.33, respectively.
Numerical Simulation
In this study, the single-keyed dry joints tested elsewhere by Zhou et al. (2005) and by Buyukozturk et al. (1990) were analysed using FE code ABAQUS, version 6.11-1, based on the model parameters discussed above. In Zhou’s specimens, the overall dimensions of the single-keyed dry-joints were 500×620×250 mm3 with 250 mm the thickness of the joint including a male part and a female part (see Fig. 5). The castellated joint had a 100×250 mm2 base area and a 50×250 mm2 top area with a 50 mm depth. The most critical area in which cracking happens is the castellated keyed area where a finer mesh with nominal element size about 5 mm was used compared with a coarser mesh with the nominal element size about 15 mm adopted for the rest of the model as shown in Fig. 6. 4-node bilinear plane stress quadrilateral elements (CPS4) were used for modelling the key assembly. The plane stress thickness was taken 250 mm. There are in total 2255 elements for a typical single keyed dry joint assembly. A full integration algorithm was used in numerical analyses. For those keyed joints tested by Zhou et al. (2005), the specimen identifier is represented as Mi-D-Km-n, where M represents monotonic loading, and the numeral following M in this case i indicates the confining stress in MPa. D is identified as dry joint while K indicates keyed joint and m is the key number. The last numeral n represents the test number under the same testing condition.
In the experiment reported by Buyukozturk et al. (1990), the overall dimensions of the single-keyed dry-joints were 21×10×3 inches3 (533.4×251×76.2 mm3) with 3 inch (76.2 mm) the thickness of the joint including a male part and a female part. The castellated joint had a 3×3.875 inches2 (76.2×98.425 mm2) base area and a 3×2.625 inches2 (76.2×66.675 mm2) top area with a 1.25 inch (31.75 mm) depth (Fig. 7). Again, the most critical area is the castellated keyed area where a finer mesh with nominal element size about 3.5 mm was used compared with a coarser with the nominal element size about 7-12 mm adopted for the rest of the model as shown in Fig. 6. Similarly, 4-node bilinear plane stress quadrilateral elements (CPS4) with full integration algorithm were used and the plane stress thickness was taken 76.2 mm. There are in total 3965 elements for a typical single keyed dry joint assembly. In all cases, first-order truss elements were used for modelling the reinforcement bars embedded in the keyed joints.

Contact Relationship
The Node-to-surface contact discretization provided in ABAQUS was adopted to formulate the contact simulation for both models of Zhou et al. (2005) and Buyukozturk et al. (1990). In terms of tracking approach for simulating the relative motion of two interacting surfaces in mechanical contact simulations, the small sliding analysis procedure is used in the analysis (Simulia 2011). Normally, in Node-to-surface contact pair, the contact surface associated to the key part which sits on the ground, i.e., lower part, was taken as the master surface and the other surface of the contact associated with upper key part was taken as a slave surface. The friction coefficient for the contacting concrete surfaces in the keyed joints was derived from experimental results of flat joint tests conducted by Zhou et al. (2005) and by Buyukozturk et al. (1990). Based on their results, a value of 0.72 and 0.67 were taken for the case of Zhou’s and Buyukozturk’s experiments, respectively.
Simulation of reinforcement bars embedded in concrete
In this study, a technique was used to set embedded nodes at desire location with the constraints on translational degree of freedom on the embedded element by the host element. The reinforcement bars was modelled as embedded region in concrete using constraints in interaction model and making concrete as the host region. By doing so, the rebar elements can only have translational degree of freedom equal to those of the host elements surrounding them (Garg and Abolmaali 2009). The bar size used to model the reinforcements in Zhou’s and Buyukozturk’s specimens were  and , respectively, while their position in the specimens is shown in Fig. 5 and Fig. 7, respectively.
Specification of support and assignment of applied load
In numerical analysis, the bottom surface, which contacted the ground, of the keyed joint specimen was restrained against all translational degrees of freedom. On the other hand, in all experiments conducted by Zhou et al. (2005) and Buyukozturk et al. (1990), displacement controlled loading was applied on the top of the joint. Numerically, this was simulated by creating boundary condition moving vertically downward with a prescribed displacement rate as adopted in the experiment done by Zhou et al. (2005) and Buyukozturk et al. (1990), respectively, and assigning it to General-Static step with damping factor used for automatic stabilization. For the case of Zhou et al. (2005) specimens, the confining stress is simulated by applying constant uniform pressure on both sides of the model covering keyed area of 200×250 mm2 and assigned to general-static step. The confining stress value is 1, 2, 3, 4, and 4.5 MPa, respectively, as per Zhou et al. (2005). Similarly, for the case of Buyukozturk et al. (1990) specimens, the confining pressure was applied covering keyed area of 254×76.2 mm2 and assigned to general-static step. The confining pressure value is 0.69, 2.07 and 3.45 MPa, respectively, as per Buyukozturk et al.(1990).
FEA results
Load-displacement relationship
The analytical values of the ultimate loads/shear strength of nine single-keyed dry joint are summarized in Table 1 along with the corresponding experimental values reported by Zhou et al. (2005) and Buyukozturk et al. (1990). It can be seen that predicted ultimate shear strength for joints are all in good agreement with the corresponding experimental results. The average deviation is about 9%. It appears that the model used in the analysis is reliable and it is generally conservative in predicting the ultimate shear strength of single-keyed dry joint. Fig. 8-Fig. 9 show numerical results of the applied load versus the deflection at the top surface of the joint. It can be seen that there is an obvious drop in loading at ultimate strength in all the load-displacement curves obtained from numerical simulation which is associated with shear-off failure of the key, i.e., the corbel-like key is totally sheared off the base of the male part of the joint which represent ultimate failure of joint. In general, the ultimate shear strength of the joint increases as confining pressure increases. It also depends on concrete strength, a higher concrete strength leading to higher ultimate shear strength of the joint. After shear-off failure of the keys, residual strength is kept which is due to friction between cracked concrete surfaces under confinement. The residual strength of a joint is largely dependent on the confining pressure as can be seen from Fig. 8. As confining pressure increases from 1 to 4.5 MPa, the residual strength generally increases. But it also depends on concrete strength. M3-D-K1-1 demonstrated the highest residual strength due to the highest concrete strength with the value of 80.1 MPa of the 9 single-keyed dry joints tested by Zhou et al. (2005). It can also be seen from Fig. 8 that the initial stiffness increases with the increase of confining pressure and the vertical deformation of the joint at peak load increases as confining pressure increases. For those single-keyed dry joints tested by Buyukozturk et al. (1990), these findings are more obvious as the concrete for making the three keyed joints was the same grade of concrete. It can be seen that both ultimate shear strength and residual strength of keyed dry joint increases as confining pressure increases (see Fig. 9). Again, initial stiffness and vertical deformation of the joint at peak load increase as confining pressure increases.
Crack pattern
Fig. 10a and Fig. 10b show the crack patterns for the specimen M1-D-K1-2 associated with tension strains of  (Fig. 3) or higher and concrete crushing associated with compression strain 0.0035 or higher (Fig. 1) at the applied loads of 161, 165, 219, 211 and 166 KN, which corresponds to the applied displacement of 0.157, 0.167, 0.28, 0.281 and 0.282 mm, respectively. Additionally, Fig. 11a and Fig. 11b present the crack patterns and crush evolution of the specimen M3-D-K1-1 at the applied loads of 328, 344, 429 and 383 KN, which corresponds to the applied displacement of 0.266, 0.289, 0.415 and 0.416 mm, respectively. Moreover, Fig. 12a and Fig. 12b show the crack patterns and crush evolution of the specimen “Keyed dry-2.07 Mpa” at the applied loads of 63, 68, 78 and 65 KN, which corresponds to the applied displacement of 0.251, 0.284, 0.358 and 0.360 mm, respectively.
From all these predicted crack evolution history, it can be seen that basically crack initiates at the bottom corner of a key and propagates sideway upward at about 45 degrees to the horizontal. Then this crack ceases to grow. Later on vertical crack, which is a new crack, initiates from the bottom of the key and propagates upward vertically in the loading plane. It is this crack initiated later causing ultimate shear-off failure of the key from its base when it propagates to the top corner of the key. By comparing crack evolution obtained from numerical analysis to those from experiment (see Fig. 13-Fig. 14), it can be seen that they are highly similar further indicating that the microscopic FE model developed in this study for keyed dry joint is reliable.
A number of points on the FE predicted load - displacement curve in Fig. 10a for the specimen M1-D-K1-2, Fig. 11a for the specimen M3-D-K1-1 and Fig. 12a for the specimen “Keyed dry-2.07” were chosen to interpret crack initiation and propagation process. All these figures obtained from numerical analyses from various specimens indicate similar crack evolution and ultimate shear-off failure. The crack pattern obtained numerically reveals that crack which is called (S) crack first forms at the bottom corner of the key of the male part of a joint at approximately 72%-80% of the ultimate shear strength and propagates sideways upward from the base key at almost 45 degree which is coincidence with observation obtained from experiment (see Fig. 13 - Fig. 14). As the load increases until the ultimate load, a complete S crack happens and short diagonal cracks start to appear along the root of the key once the load drops beyond the ultimate load and form a compression strut. After that, the distribution of diagonal cracks along the root key increase and form multiple cracks. That indicates all the concrete fibres at the base key are cracked and the compression struts between multiple diagonal cracks expose to crushing (See Fig. 10b, Fig. 11b, Fig. 12b) which coincides well with experimental observation that there was concrete in the surface of keyed area spalling as reported by Zhou et al. (2005). On the other hand, the experiments reveal the formulation of the diagonal multiple cracks along the root of the key which eventually separate the key from the male part resulting in the so-called shear-off failure. The reason why numerical results show a sudden decrease in the Load-Deflection curve could be that all the concrete fibres along the root of the key are cracked and crushed simultaneously due to the same material properties being assumed for the whole concrete volume. However, experimental observations do not show a sudden drop in load because direct failure plane formed along the joint surface, and the load was then carried mainly through friction by aggregate interlock between cracked concrete surfaces which is not able to be simulated by the FE model developed in this study.
Parametric study: Effect of the confining pressure
Load – displacement relationship
The ultimate shear strength and structural behaviour of a joint is affected by concrete strength and confining pressure. Parametric study was carried out on the specimens M2-D-K1-1, M3-D-K1-1 and M3-D-K1-2 which have the concrete compressive strength equal to 56.2, 80.8 and 48.8 MPa, respectively, and are assigned different values of confining pressure ranged between 1 to 9 MPa. Restricting the attention to the numerical results obtained for specimen M2-D-K1-1, applied load versus the deflection at the top surface of the specimen of the joint is shown in Fig. 15. It can be seen that the initial stiffness, vertical displacement at the peak load and ultimate shear strength of the joint increase as confining pressure increases similar to the behaviour of other prestressed concrete elements and structures. It is the confining pressure enforced by prestressing or post-tensioning tendons that make the individual concrete segments form the super bridge structure and maintain integrity of the bridge.
Crack propagation
Fig. 16 shows the final crack pattern of the M2-D-K1-1 single-keyed dry joint under different values of confining pressure. It can be noticed that as the confining pressure increase, the length of the crack forming at the bottom key of the male part of the joint (called S crack) decrease and therefore most of the load is transferred through the bearing of the lower surface of the key. It is interestingly noticed that when the confining pressure increases to 6 MPa, this single crack disappears. The S crack can be explained by the fact that this crack propagates sideway into a low stress zone in the material and therefore release energy (Bazant et al.1985). Therefore, increasing confining pressure leads to high compression stress zone at the entire key area which arrests the inclined crack and induces other cracks running vertically to remain in high stressed zone, and can, therefore, cause large release of strain energy enforced by the applied shear loading on the joint specimen.
Comparison with AASHTO formula
Comparing shear capacity of the keyed dry joint obtained from numerical analysis conducted on M2-D-K1-1, M3-D-K1-1 and M3-D-K1-2 in this study with their counterpart estimated by AASHTO formula (i.e., Equation 1), under different values of confining pressure, is illustrated in Fig. 17, Fig. 18 and Fig. 19. It can be seen that they are almost identical under low values of confining stress. However, the numerical analysis results and AASHTO results start to diverge under high value of confining pressure. For instant, the numerical results for M2-D-K1-1 and M3-D-K1-2 diverge from AASHTO predictions after confining pressure becomes greater than 4 MPa, as shown in Fig. 17 and Fig. 19.
In order to explain the differences between the shear capacity of a single- keyed dry joint predicted by the numerical analysis established in this paper and AASHTO formulation, the numerical model was run for frictionless contact in the male-female joint while zero friction coefficient was assigned into AASHTO formula. The resulting shear capacities of various joint specimens under different values of confining pressure are presented in Table 2 and Table 3. It can be seen that numerical results indicate decreasing in friction contribution in the overall shear capacity of a keyed dry joint with increasing the confining pressure. However, AASHTO formulation demonstrates different trend. It shows increasing in friction contribution with increasing confining pressure. As it is well known, friction between two solid objects largely depends on roughness of the contacting surfaces. With the increasing confining pressure, the debris on the contacting surfaces of the male and female parts of a keyed dry joint turns to be crushed into powder which reduces roughness of the contacting surfaces and in turn friction coefficient. Therefore, it is reasonable to accept that shear capacity due to surface friction of a keyed dry joint decreases with the increase in confining pressure. Thus it can be reasonably concluded that the friction should have a decreasing contribution to the overall shear capacity of a keyed dry joint with increasing confining pressure as the numerical analyse discover. Therefore the results based on the numerical model established in this paper are more reliable than AASHTO predictions for keyed dry joints under high confining pressure. It therefore suggests here that a reduced friction coefficient μ should be assigned in AASHTO’s formula, i.e. Equation (1), under high confining pressure. 

Crack width
The calculated crack width for M2-D-K1-1 is presented at ultimate shear strength under various values of confining pressure in Table 4. The crack width is identified at the bottom corner of the key of the male part of the joint as shown in Fig. 20. The crack width was not directly measured in experiment but it deserves a comparison of such a parameter under different values of confining stress. In numerical analyses of this research, crack width is calculated by multiplying the crack opening strain, which is equal to the strain normal to the crack direction after the complete stress release with the characteristic element length or crack band width (Kaneko 1992). The Characteristic element length in ABAQUS is a typical length of a line across an element for a first-order element (Kaneko 1992; Simulia 2011). It can be seen from Table 4 that the crack width decreases as the confining pressure increase and become negligible under high value of confining stress which is consistent with crack evolution observed from experiment. As presented above, the S crack disappears under high value of confining pressure, indicating that crack width may decrease to zero under certain high value of confining pressure.
Conclusion
This research aims to better understand behaviour of single-keyed dry joints in precast concrete segmental bridges by establishing and validating a finite element model for keyed dry joints under direct shear. The numerical approach used to simulate the non-linear behaviour of concrete in this paper was ABAQUS concrete Damage Plasticity model (CDP). The numerical results were produced in the form of ultimate shear strength of keyed joint, load-deflection curves, crack evolution and concrete crushing evolution in keyed zone for various joints. The validated numerical model was then employed for parametric studies on behaviour of keyed dry joints which are not physically tested. By comparing numerical results with experimental results published elsewhere, the following conclusion can be drawn:
· Good agreement between experimental and numerical results was obtained for all twelve dry-keyed joints tested elsewhere. Crack propagation obtained from numerical simulation accords very well with that from experiment for all the specimens. The maximum deviation in the prediction of ultimate shear strength has been found to be 9% and the results validated the finite-element model established in this study. The FE model can be conveniently used to simulate shear behaviour of multiple-keyed dry joints.
· The ultimate failure of the dry keyed joints was fracture of concrete along the root of the key with shearing off. Crack initiates at the bottom corner of a key and propagates sideway upward at about 45 degree. Then this crack ceases to grow. Later on vertical crack, which is a new crack, initiates from the bottom of the key and propagates upward vertically along the loading plane. It is this crack initiated later causing ultimate shear-off failure of the key from its base when it propagates to its top corner.
· The initial stiffness, vertical displacement at the peak load and ultimate shear strength of a keyed dry joint increase as the confining pressure increase. On the other hand, the length the crack forming at the bottom key of the male part of the joint (called S crack) decreases as the confining pressure increases and therefore most of the load is transferred through the bearing of the lower surface of the key. At high confining stress, the S crack disappears. This phenomenon can be explained that the entire key area experiences high stress zone under high confining pressure and therefore arrests the inclined crack and instead induces another cracking mechanism which is exposed under higher stress zone and cause a larger release of strain energy. Moreover, the S crack width decreases as the confining pressure increase and become negligible under high value of confining stress.
· AASHTO formula well predicts the ultimate shear strength of keyed dry joints under low values of confining stress when comparing with numerical results. However, it over predicts the ultimate shear strength of keyed dry joints under high confining stress. It is suggested that a reduced friction coefficient should be assigned to AASHTO’s formula for estimating shear capacity of keyed dry joints under high confining pressure.
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Appendix I Tables

Table 1. Ultimate shear strength of single-keyed dry joints: experimental vs. numerical
	Test name
	fcm (MPa)
	Experimental Ultimate Strength (KN)
	Numerical Ultimate Strength (KN)
	

	M1-D-K1-1
	38.7
	193
	180.8
	0.94

	M1-D-K1-2
	50.0
	211
	219.1
	1.04

	M2-D-K1-1
	56.2
	335
	294
	0.88

	M2-D-K1-2
	59.6
	337
	314
	0.93

	M3-D-K1-1
	80.1
	448
	429
	0.96

	M3-D-K1-2
	48.8
	360
	324
	0.90

	M4-D-K1-1
	37.1
	354
	312
	0.88

	M4-D-K1-2
	36.7
	392
	309
	0.79

	M4.5-D-K1-1
	37.7
	375
	332
	0.89

	Keyed dry-0.69 Mpa
	48.4
	66
	59
	0.9

	Keyed dry-2.07 Mpa
	47.6
	84
	78
	0.93

	Keyed dry-3.45 Mpa
	49.44
	111
	99
	0.89

	Average
	0.91
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[bookmark: _Ref383177670][bookmark: _Ref383177367]Table 2. Friction contribution from numerical analysis and AASHTO code (specimen M3-D-K1-1) 
	Confining pressure
(MPa)

	Numerical Analysis (kN)
	AASHTO formulation (kN)

	
	With friction contact
	Friction-less contact
	Friction effect
(%)
	With friction contact
	Friction-less contact
	Friction effect
(%)

	1
	335
	196
	41.39
	281
	266
	5.35

	2
	378
	296
	21.50
	341
	311
	8.80

	3
	429
	396
	7.77
	401
	356
	11.2

	4
	489
	473
	3.18
	461
	401
	13.01

	5
	538
	479
	10.99
	522
	447
	14.4

	6
	581
	531
	8.68
	582
	492
	15.5

	7
	608
	569
	6.28
	642
	537
	16.35

	8
	622
	602
	3.29
	702
	582
	17.09

	9
	660
	642
	2.59
	763
	628
	17.70







[bookmark: _Ref383177373]Table 3.  Friction contribution from numerical analysis and AASHTO code (specimen M3-D-K1-2)
	Confining pressure
(MPa)
	Numerical Analysis (kN)
	AASHTO formulation (kN)

	
	With friction contact
	Friction-less contact
	Friction effect
(%)
	With friction contact
	Friction-less contact
	Friction effect
(%)

	1
	219
	196
	10.63
	222
	207
	6.75

	2.5
	299
	279
	6.80
	298
	260
	12.60

	3
	324
	301
	7.26
	323
	278
	13.94

	4
	367
	338
	7.93
	373
	313
	16.08

	5
	387
	370
	4.34
	424
	349
	17.71

	5.5
	404
	390
	3.49
	449
	366
	18.39

	6
	421
	409
	3.04
	474
	384
	18.99







Table 4.Crack width at the ultimate shear strength of keyed dry joints from numerical analysis (specimen M2-D-K1-1) 
	Confining pressure (MPa)
	At the peak load

	
	Ultimate Load (KN)
	Crack width (mm)

	1
	247
	0.320

	2
	294
	0.206

	3
	344
	0.178

	4
	397
	0.128

	5
	412
	0.033

	5.5
	434
	0.031

	6
	452
	0.035



































Appendix II Figures
[image: ]
[bookmark: _Ref376873296]Fig.1. Stress-strain diagram of concrete in compression according to Eurocode 2

















[image: ]
[bookmark: _Ref376873314][bookmark: _Toc304980999]Fig.2. CDP model in compression
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[bookmark: _Ref376873329]Fig.3. Tensile σ-ε curve for concrete: linear representation
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[bookmark: _Ref376873339]Fig.4. CDP model in tension
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[bookmark: _Ref376873381]Fig.5.  Dimensions of the single-keyed joints tested by Zhou et al. (2005)
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[bookmark: _Ref376873389]Fig.6. Finite element mesh, boundary conditions, loadings and contact relationship for: (a) Buyukozturk’s specimens (b) Zhou’s specimens
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[bookmark: _Ref376873405]Fig.7.  Dimensions of the singled-keyed joints tested by Buyukozturk et al. (1990) (adapted from)









[bookmark: _Ref376875832]Fig.8. Load – displacement curves from numerical analysis for keyed dry joints of Zhou et al. (2005)


[bookmark: _Ref376875846]Fig.9. Load – displacement curves from numerical analysis for keyed dry joints of Buyukozturk et al. (1990)
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[bookmark: _Ref376876005]Fig.10.(a) Crack patterns of specimen M1-D-K1-2; (b) Concrete crushing evolution on the root of the key specimen M1-D-K1-2


(a)

(b)
Fig.11. (a) Crack patterns of specimen M3-D-K1-1; (b) Concrete crushing evolution on the root of the key specimen M3-D-K1-1


(a)

(b)
Fig.12. (a) Crack patterns of specimen “Keyed dry-2.07 Mpa”; (b) Concrete crushing evolution on the root of the key specimen “Keyed dry-2.07 MPa”
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[bookmark: _Ref382755659]Fig.13. Crack pattern obtained from experiment reported by Zhou et al. (2005) (with permission)
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[bookmark: _Ref382755671]Fig.14. Crack pattern obtained from experiment reported by Buyukozturk et al. (1990) (with permission)



[bookmark: _Ref377125149]Fig.15. Load – displacement curves for specimen M2-D-K1-1 under various values of confining pressure
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[bookmark: _Ref377125164]Fig.16. Final crack pattern of specimen M2-D-K1-1 under various values of confining pressure



[bookmark: _Ref377127615]Fig.17.Ultimate shear strength of specimen M2-D-K1-1 from numerical analysis and AASHTO formula under various values of confining pressure






[bookmark: _Ref383176635]Fig.18.Ultimate shear strength of specimen M3-D-K1-1 from numerical analysis and AASHTO formula under various values of confining pressure






[bookmark: _Ref383176641]Fig.19. Ultimate shear strength of specimen M3-D-K1-2 from numerical analysis and AASHTO formula under various values of confining pressure
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[bookmark: _Ref377138692]Fig.20. Location where crack width is taken in numerical analysis
[bookmark: _GoBack]
 M1-D-K1-1 	2.1740499999999999E-3	1.7847700000000005E-2	3.7869400000000011E-2	6.7902000000000032E-2	0.11295100000000001	0.12984399999999999	0.13617899999999997	0.14568200000000001	0.14805699999999999	0.15043300000000007	0.15132399999999999	0.15265999999999999	0.15466500000000005	0.15767100000000001	0.15879900000000011	0.15922200000000006	0.15985600000000005	0.16080700000000003	0.16223400000000004	0.16276900000000008	0.16357200000000002	0.16477600000000003	0.16658200000000004	0.16838800000000004	0.17019400000000001	0.17290300000000006	0.17493500000000006	0.17798300000000006	0.18255399999999999	0.18426800000000007	0.18684000000000006	0.19069700000000003	0.19648300000000005	0.20516200000000001	0.21384000000000006	0.22251900000000005	0.23553700000000005	0.23635100000000001	0.23716400000000001	0.23746900000000007	0.23792700000000006	0.23804200000000006	0.23815600000000001	0.23832800000000001	0.23858499999999999	0.23884200000000005	0.23910000000000001	0.23948600000000006	0.239872	0.24025800000000005	0.24083800000000005	0.24170600000000006	0.24257500000000001	0.24344400000000008	0.24431300000000006	0.24561600000000006	0.24757100000000001	0.250504	0.25490200000000002	0.26150000000000001	0.268098	0.274696	0.28459300000000004	0.29943800000000009	0.32170500000000002	0.35510700000000001	0.4052090000000001	0.42399800000000015	0.45218000000000008	0.49445400000000012	0.55786500000000028	0.65298100000000026	0.79565600000000003	1.0096699999999996	1.3306899999999999	8.3923300000000125E-8	20.252199999999984	41.617100000000001	72.039299999999997	114.82299999999998	128.94200000000001	133.85600000000005	139.52200000000005	140.453	141.476	141.89700000000005	142.464	143.24299999999999	144.28100000000001	144.74099999999999	144.93300000000002	145.17599999999999	145.298	145.208	145.22800000000001	145.38000000000005	145.81399999999999	146.767	147.83700000000005	148.85200000000006	150.38300000000001	151.56	153.27599999999998	155.86800000000005	156.834	158.27199999999999	160.37700000000001	163.43	167.87800000000001	172.00700000000001	175.92600000000004	180.71099999999998	180.84100000000001	180.636	180.35300000000001	178.96600000000001	178.44900000000001	177.57399999999998	175.11299999999997	165.792	154.72300000000001	144.91900000000001	134.35200000000006	127.005	121.94900000000003	117.166	112.91000000000003	110.282	109.081	108.79100000000003	108.839	109.17700000000001	109.848	109.54700000000003	109.79600000000002	110.215	110.693	110.6	110.67400000000001	110.41500000000002	110.38800000000001	110.045	109.94100000000003	109.661	109.498	109.32199999999999	109.599	108.74100000000003	107.512	106.687	 M1-D-K1-2	2.0052199999999998E-3	1.8014800000000004E-2	3.803490000000001E-2	6.8065000000000014E-2	0.11311000000000002	0.13000200000000001	0.15534000000000006	0.15692400000000006	0.15850700000000006	0.16088300000000003	0.16177300000000003	0.16311000000000003	0.16511400000000004	0.16586500000000004	0.16699300000000009	0.16727500000000003	0.16755600000000004	0.16797900000000004	0.16861300000000004	0.16956500000000005	0.17051600000000006	0.17146700000000006	0.17289399999999999	0.174321	0.17574800000000007	0.17788799999999999	0.18109800000000006	0.18591400000000011	0.19313800000000003	0.20397299999999999	0.21480800000000005	0.22564300000000004	0.23647899999999999	0.24731400000000006	0.263567	0.27982000000000012	0.28007400000000016	0.28045500000000001	0.2805970000000001	0.28081200000000012	0.28089200000000009	0.28101300000000001	0.28105800000000009	0.28107500000000002	0.28110000000000002	0.281138	0.2811530000000001	0.28117400000000009	0.28120600000000001	0.281254	0.28132700000000022	0.2814350000000001	0.28159800000000001	0.2816590000000001	0.28175100000000003	0.28188900000000011	0.28202600000000011	0.282163	0.28237000000000012	0.28267900000000001	0.28314300000000003	0.28383900000000001	0.28453400000000001	0.28523000000000004	0.28627400000000008	0.28783900000000001	0.29018800000000011	0.29371000000000008	0.29899400000000009	0.30692000000000025	0.3188080000000002	0.33664100000000002	0.36339000000000021	0.40351400000000009	0.44363800000000003	0.48376200000000008	0.54394699999999996	0.63422600000000018	0.76964400000000033	0.97277100000000016	1.2774599999999998	1.7344999999999997	2	-4.5776400000000054E-8	21.925599999999985	44.7575	77.465199999999996	123.2	138.89100000000005	160.02000000000001	161.04399999999998	162.041	162.85900000000001	163.29300000000001	163.994	164.77799999999999	165.07599999999999	165.19399999999999	165.17399999999998	165.14	165.006	164.459	163.82500000000005	163.672	163.84200000000001	164.52500000000001	165.33600000000001	166.13800000000001	167.28	169.06800000000001	171.70299999999997	175.91800000000001	182.59300000000002	188.91900000000001	195.08800000000005	200.85300000000001	206.35800000000006	213.84300000000002	219.042	219.053	218.666	218.35100000000006	216.834	215.87800000000001	212.34300000000002	210.624	209.917	208.68900000000002	206.464	205.57599999999999	204.13800000000001	201.79399999999998	198.04900000000001	192.37700000000001	184.47900000000001	174.477	170.98000000000005	166.22399999999999	160.05800000000005	154.68600000000001	150.029	144.40600000000001	138.21299999999999	132.17899999999997	127.39100000000002	125.154	124.25700000000002	124.17799999999998	124.727	126.04600000000002	128.15300000000002	129.76900000000001	130.46700000000001	131.35500000000005	131.804	132.17299999999997	132.27099999999999	131.953	131.91	131.64099999999999	130.846	129.97300000000001	128.477	127.661	127.042	126.88	 M2-D-K1-1	3.972380000000001E-3	2.6067300000000015E-2	5.61071E-2	0.10116700000000002	0.16875600000000004	0.19410200000000002	0.20360700000000001	0.20717099999999997	0.21251800000000007	0.22053700000000004	0.22254200000000005	0.22454700000000008	0.22755400000000003	0.23206499999999999	0.23883199999999999	0.24898200000000006	0.25278800000000001	0.25659400000000004	0.26040000000000002	0.26611000000000001	0.27467400000000008	0.28323800000000005	0.29180200000000012	0.304647	0.30946500000000021	0.31669000000000008	0.31940000000000013	0.3204160000000002	0.32067000000000012	0.32092400000000026	0.32094800000000012	0.32098400000000027	0.32099700000000014	0.32101700000000011	0.32104800000000011	0.32109300000000002	0.32116100000000014	0.32118600000000025	0.32122400000000012	0.32128100000000015	0.32136700000000012	0.32149600000000012	0.32168900000000011	0.32197900000000013	0.32241300000000012	0.32306500000000021	0.32330900000000012	0.32367600000000013	0.32422600000000013	0.32505100000000015	0.32628800000000013	0.32814400000000016	0.33092900000000025	0.33510500000000021	0.3413690000000002	0.3507650000000001	0.36486000000000013	0.37014600000000009	0.37807400000000013	0.3899660000000002	0.40780500000000008	0.41449400000000008	0.42452800000000013	0.42546900000000021	0.4268800000000002	0.42899700000000002	0.43217200000000011	0.43693400000000016	0.44407700000000006	0.454793	0.47086500000000014	0.49497500000000011	0.531138	0.5853839999999999	0.60572600000000021	0.63623900000000022	0.6820090000000002	0.72777899999999995	0.77354900000000015	0.81931900000000002	0.86508900000000022	0.93374299999999999	0.95090699999999972	0.96807100000000024	0.99381599999999981	1.03243	1.0396799999999995	1.0469199999999999	1.0473699999999995	1.0480499999999999	1.0490699999999995	1.0505899999999999	1.05288	1.0563199999999999	1.06148	1.06921	1.07694	1.08467	1.0962700000000001	1.1006199999999999	1.1071500000000001	1.1077599999999999	1.10867	1.1100500000000004	1.1121099999999999	1.11521	1.1198599999999999	1.1268199999999999	1.13727	1.1529499999999999	1.1764600000000001	1.2117299999999995	1.26464	1.3440000000000001	1.4630399999999995	1.6415899999999999	1.9094299999999995	2.3111799999999989	2.9138099999999989	3	-1.5258800000000014E-8	34.588300000000011	71.232000000000014	123.82899999999998	196.33200000000005	219.739	227.38900000000001	229.19499999999999	232.34300000000002	235.86	236.708	237.77699999999999	239.261	241.79	245.46	251.28800000000001	253.28399999999999	255.67499999999998	258.26299999999986	262.15499999999997	268.04300000000001	273.78099999999989	279.21699999999976	286.774	289.42200000000003	292.87200000000001	293.54899999999986	292.358	291.57	289.17399999999986	288.93400000000003	288.52999999999986	288.37200000000001	288.11599999999999	287.673	286.78699999999975	284.80099999999999	283.95800000000003	282.452	279.65100000000001	274.62900000000002	266.51599999999991	255.13	241.048	225.90600000000001	211.376	206.85400000000001	201.64399999999998	196.238	191.565	188.637	188.12900000000002	189.55600000000001	191.97499999999999	194.56200000000001	195.761	195.77299999999997	195.548	195.61299999999997	196.57499999999999	196.32100000000005	196.029	195.48400000000001	195.43300000000002	195.35900000000001	195.25800000000001	195.13200000000001	195	194.85800000000006	194.77199999999999	194.56200000000001	194.25399999999999	194.32800000000006	193.566	193.32000000000005	193.01399999999998	193.63200000000001	194.16	193.24199999999999	192.65200000000004	193.45100000000005	192.24799999999999	192.02700000000004	191.929	191.84900000000002	196.661	195.91499999999999	195.399	195.34800000000001	195.221	195.006	194.756	194.59100000000001	194.56399999999999	194.66399999999999	195.137	195.68800000000005	196.35700000000006	197.24499999999998	197.47200000000001	196.71699999999998	196.48400000000001	195.89400000000001	195.09399999999999	194.52	194.27599999999998	194.51399999999998	195.04	196.56900000000002	199.88600000000005	201.74799999999999	197.875	195.09700000000001	193.50399999999999	193.25800000000001	192.10499999999999	190.48000000000005	189.35800000000006	188.65800000000004	188.55500000000001	 M2-D-K1-2	3.8981500000000013E-3	2.6140799999999999E-2	5.6179799999999988E-2	0.10123799999999998	0.16882600000000003	0.19417099999999998	0.203676	0.21793300000000007	0.21926900000000007	0.22127400000000003	0.22428100000000004	0.22879200000000008	0.23330300000000001	0.23781400000000005	0.24458099999999999	0.24711800000000006	0.25092400000000009	0.2523510000000001	0.254492	0.25770400000000004	0.262521	0.26432700000000015	0.26703700000000002	0.2680530000000001	0.26957700000000001	0.27186300000000002	0.27529300000000001	0.2804370000000001	0.2881530000000001	0.29104600000000008	0.29538700000000012	0.30189700000000008	0.31166300000000002	0.31532500000000013	0.32081800000000027	0.32905800000000013	0.33214800000000011	0.33243700000000015	0.33287200000000022	0.33352400000000026	0.33376800000000012	0.33386000000000027	0.33399700000000021	0.33404900000000015	0.3341260000000002	0.33424200000000009	0.33435800000000027	0.33447400000000027	0.33459000000000011	0.33470600000000011	0.33488000000000023	0.33514100000000002	0.33553300000000008	0.3361200000000002	0.33700100000000011	0.33733100000000021	0.33782700000000032	0.3385700000000002	0.33968500000000013	0.34135700000000008	0.34386600000000017	0.34762800000000021	0.35327200000000009	0.361738	0.37443800000000016	0.37920000000000009	0.38098600000000027	0.38366400000000012	0.38768200000000025	0.39371000000000012	0.40275	0.41631100000000021	0.417159	0.41800700000000002	0.4192780000000001	0.42118500000000014	0.42404600000000009	0.42833600000000016	0.43477300000000002	0.44442700000000007	0.45890800000000009	0.464339	0.47248500000000021	0.4755390000000001	0.48012200000000016	0.48699500000000001	0.49730400000000013	0.51276900000000003	0.5185679999999997	0.52726599999999979	0.54031399999999963	0.55988700000000002	0.58924500000000013	0.63328200000000001	0.69933800000000013	0.76539400000000024	0.78190800000000005	0.80667800000000023	0.80725899999999973	0.80813000000000001	0.80943599999999982	0.81139600000000001	0.81335500000000005	0.81531399999999976	0.81825400000000004	0.822662	0.82927499999999998	0.83588799999999996	0.83630199999999999	0.83692200000000005	0.83785200000000004	0.83924699999999997	0.84133899999999973	0.84447799999999973	0.84918499999999997	0.85624699999999998	0.86684000000000039	0.86948800000000004	0.87213700000000005	0.87219899999999995	0.87229200000000018	0.87243099999999996	0.87264100000000044	0.87295500000000026	0.87342600000000004	0.87413300000000005	0.87519400000000025	0.87678500000000026	0.87917100000000026	0.88275000000000015	0.88811799999999985	0.89617100000000027	0.89692600000000011	0.89768099999999984	0.8984359999999999	0.89956899999999962	0.90126699999999971	0.90381599999999973	0.90763799999999972	0.91337100000000004	0.92196999999999996	0.93486899999999973	0.95421900000000004	0.96147400000000005	0.97235799999999961	0.98324199999999973	0.99412599999999973	1.0104500000000001	1.02678	1.0430999999999995	1.0594299999999996	1.0839199999999998	1.1206499999999999	1.1757500000000001	1.2584	1.3823700000000001	1.56833	1.84727	2.2656800000000001	2.8933	3	7.6294000000000061E-8	35.218500000000013	72.483000000000004	125.90100000000002	199.69200000000001	223.70299999999997	232.071	243.85900000000001	244.92000000000004	246.30600000000001	245.93800000000005	247.21299999999999	249.74799999999999	252.42700000000005	256.49199999999985	258.245	260.37200000000001	261.29199999999975	262.9129999999999	265.452	269.23699999999985	270.65699999999993	272.75900000000001	273.54000000000002	274.70400000000001	276.43299999999988	278.99599999999975	282.73699999999985	288.07100000000003	290.0329999999999	292.94	297.19900000000001	303.29899999999975	305.50900000000001	308.69900000000001	312.9849999999999	314.06200000000001	314.13599999999991	314.15600000000001	313.59399999999988	312.99400000000003	312.67700000000002	311.80500000000001	311.40899999999988	310.5809999999999	307.65600000000001	301.61399999999986	293.37700000000001	284.29299999999989	275.29099999999988	263.03199999999975	248.08600000000001	231.74799999999999	216.05700000000004	203.24199999999999	199.57499999999999	195.84800000000001	192.62700000000001	191.03399999999999	191.42800000000005	193.63900000000001	196.88900000000001	200.24599999999998	203.10300000000001	204.511	204.739	204.82300000000001	204.916	205.45200000000006	205.28700000000001	204.74499999999998	204.65800000000004	204.631	204.589	204.517	204.41399999999999	204.298	204.24399999999994	204.20099999999999	204.06300000000002	203.76	203.61599999999999	204.65700000000001	204.73999999999998	204.65800000000004	204.47499999999999	204.24399999999994	203.846	203.69399999999999	204.577	204.35200000000006	204.084	203.316	202.47800000000001	202.423	200.816	200.41399999999999	200.04	200.04499999999999	200.08600000000001	200.15100000000001	200.30500000000001	200.685	201.208	202.011	203.2	202.35900000000001	201.10300000000001	201.01900000000001	200.90800000000004	200.82700000000006	200.834	201.12700000000001	201.94800000000001	203.31800000000001	203.399	202.708	202.47499999999999	202.08	202.071	202.05700000000004	202.035	201.989	201.88400000000001	201.68300000000002	201.333	200.89700000000005	200.64699999999999	201.07399999999998	202.19300000000001	204.221	204.46600000000001	204.36800000000005	204.185	203.96800000000005	203.66900000000001	203.256	202.61099999999999	202.27799999999999	202.34	201.316	201.39200000000005	203.59100000000001	204.08600000000001	203.43	204.09200000000001	206.80800000000005	210.88800000000006	209.50200000000001	206.88200000000006	204.672	202.74199999999999	201.50800000000001	200.732	200.94300000000001	200.38300000000001	198.816	197.78800000000001	196.84800000000001	196.22900000000001	196.14499999999998	 M3-D-K1-1	5.412690000000003E-3	2.4641400000000008E-2	5.4695600000000011E-2	9.9776800000000082E-2	0.11668199999999998	0.14204000000000006	0.15155000000000005	0.16581400000000004	0.18721000000000007	0.19523300000000005	0.20726800000000006	0.22532099999999997	0.25240000000000001	0.26255500000000004	0.27778700000000001	0.28159500000000004	0.2825470000000001	0.283499	0.28385600000000011	0.28439200000000009	0.28444200000000008	0.28451700000000002	0.28463000000000011	0.28480000000000011	0.28505400000000009	0.2851490000000001	0.28529200000000005	0.28550700000000001	0.28582800000000025	0.28631100000000015	0.28703400000000001	0.28730600000000012	0.287713	0.28832400000000014	0.28924	0.28932500000000011	0.28945400000000016	0.2896470000000001	0.289937	0.29037200000000013	0.29102400000000012	0.29200200000000009	0.29347000000000012	0.29567000000000015	0.29897200000000013	0.30021000000000009	0.30067400000000011	0.30084800000000012	0.30110900000000002	0.30150100000000002	0.30208800000000013	0.30230900000000022	0.3026390000000001	0.3031350000000001	0.30387900000000012	0.30499400000000015	0.30541200000000013	0.30604000000000009	0.30627500000000002	0.30662800000000012	0.30715700000000001	0.30795200000000011	0.309143	0.31092900000000012	0.31360900000000008	0.31763000000000002	0.319137	0.32139800000000013	0.32224600000000009	0.32351800000000014	0.32542600000000027	0.32614200000000015	0.32721500000000014	0.32761800000000013	0.32822100000000015	0.32844800000000013	0.32878700000000011	0.32891500000000012	0.32910600000000012	0.32939200000000013	0.32982200000000023	0.33046700000000012	0.33143400000000012	0.33288400000000024	0.33342800000000022	0.33424400000000015	0.33546800000000027	0.33730400000000027	0.34005700000000005	0.34418800000000022	0.34573699999999996	0.34806000000000015	0.34893200000000008	0.34925800000000007	0.34974900000000009	0.34993200000000008	0.35020800000000002	0.35062200000000016	0.351242	0.35217200000000015	0.35356800000000016	0.355661	0.35880200000000012	0.36351200000000011	0.37057700000000021	0.38117500000000021	0.39707300000000012	0.4010470000000001	0.40204100000000004	0.40241300000000002	0.40297200000000011	0.40381000000000011	0.40388900000000011	0.40400700000000001	0.4040510000000001	0.404117	0.404142	0.40418000000000009	0.40423599999999998	0.40431900000000015	0.404445	0.40463400000000005	0.40470500000000004	0.40481100000000014	0.40485100000000002	0.40491100000000002	0.4049330000000001	0.40496700000000002	0.40497900000000014	0.40499800000000002	0.40502700000000008	0.40506900000000001	0.40513300000000002	0.40522900000000001	0.40537200000000012	0.40558800000000012	0.40591100000000002	0.406032	0.4062130000000001	0.40648600000000012	0.40689500000000001	0.40750800000000009	0.40842800000000012	0.40980800000000012	0.41187700000000022	0.41498200000000013	0.415273	0.41538200000000014	0.415545	0.41579100000000002	0.41588300000000011	0.41591800000000012	0.415931	0.41595000000000015	0.41597900000000021	0.41602300000000014	0.4160390000000001	0.41606400000000016	0.41607300000000008	0.41608700000000015	0.41610800000000009	0.41613900000000004	0.41618500000000008	0.4162550000000001	0.41636000000000012	0.41651800000000011	0.41675400000000001	0.41710900000000001	0.41764000000000001	0.41843800000000009	0.41963400000000001	0.42142800000000014	0.42322200000000015	0.42501600000000012	0.42681100000000011	0.42950200000000016	0.43353900000000001	0.4395940000000001	0.44867700000000016	0.46230200000000016	0.46570800000000001	0.46911400000000009	0.47422400000000009	0.48188800000000021	0.48955200000000015	0.49721500000000002	0.50871100000000002	0.51302199999999998	0.51948899999999976	0.52595499999999973	0.52757199999999982	0.52999700000000005	0.53022400000000003	0.53056499999999951	0.53069299999999997	0.53074100000000024	0.53081299999999976	0.53092099999999998	0.53108199999999983	0.53132500000000005	0.53168899999999997	0.53223599999999982	0.53305499999999972	0.53428399999999976	0.53612700000000002	0.53889299999999996	0.54303999999999997	0.54459599999999997	0.54692900000000022	0.55042899999999972	0.55567800000000023	0.56092799999999998	0.56617799999999996	0.56814600000000004	0.57011500000000004	0.57208400000000004	0.57503599999999999	0.57946599999999981	0.58610999999999991	0.59607599999999994	0.60604200000000019	0.60853400000000002	0.60946800000000001	0.610402	0.61133700000000002	0.61168699999999998	0.61181799999999997	0.61201499999999998	0.61231100000000005	0.61242200000000002	0.61258800000000002	0.61265099999999995	0.61267400000000038	0.61270899999999995	0.61276200000000003	0.61278100000000024	0.61281099999999999	0.6128220000000002	0.61283900000000024	0.61284500000000031	0.61285400000000023	0.61285800000000024	0.61286300000000005	0.61286600000000002	1.525880000000001E-7	38.856099999999998	79.663499999999999	139.79399999999998	161.74799999999999	194.34	206.25	223.09700000000001	248.09100000000001	257.02	270.24400000000014	289.61700000000002	317.75700000000001	327.46899999999988	337.48200000000003	339.35399999999993	339.714	340.07299999999987	340.19200000000001	340.35300000000001	340.36799999999999	340.39099999999991	340.42799999999988	340.49499999999989	340.62099999999987	340.67200000000008	340.75599999999986	340.89299999999986	341.11599999999999	341.4729999999999	342.02299999999991	342.2299999999999	342.54	343.02499999999986	343.71899999999988	343.7829999999999	343.87799999999999	344.017	344.22199999999975	344.5209999999999	344.95800000000003	345.53699999999975	346.25799999999987	347.62099999999987	349.80500000000001	350.61799999999999	350.91399999999987	351.02299999999991	351.18	351.40299999999991	351.7179999999999	351.8309999999999	351.98299999999989	352.19099999999986	352.50799999999987	353.14600000000002	353.4009999999999	353.803	353.9559999999999	354.18799999999999	354.55700000000002	355.13200000000001	355.99199999999985	357.25200000000001	359.06200000000001	361.78	362.88	364.57900000000001	365.18700000000001	366.05399999999986	367.34500000000008	367.85700000000008	368.66	368.98099999999988	369.43599999999975	369.59899999999988	369.82799999999986	369.91199999999975	370.03599999999989	370.21	370.44099999999986	370.76900000000001	371.4129999999999	372.524	372.95400000000001	373.60199999999986	374.541	375.92099999999988	377.97099999999989	381.2	382.41199999999975	384.23399999999975	384.9199999999999	385.178	385.56599999999986	385.71199999999988	385.92999999999989	386.25799999999987	386.74900000000002	387.48399999999975	388.5809999999999	390.21999999999991	392.67599999999999	396.31400000000002	401.62	409.14600000000002	419.79700000000003	422.30099999999999	422.91499999999991	423.14400000000012	423.48599999999988	423.99599999999975	424.04399999999993	424.11500000000001	424.14200000000011	424.18299999999999	424.19799999999987	424.21999999999991	424.25400000000002	424.30500000000001	424.38099999999986	424.49400000000003	424.53699999999975	424.6	424.62400000000002	424.66	424.673	424.69299999999993	424.70099999999991	424.71199999999988	424.72899999999976	424.75400000000002	424.79199999999975	424.84899999999999	424.93499999999989	425.06299999999999	425.255	425.32799999999986	425.43599999999975	425.59599999999989	425.83499999999987	426.19	426.714	427.46499999999986	428.4899999999999	429.10599999999999	429.09399999999988	429.07400000000001	428.97899999999976	428.173	427.625	427.36900000000014	427.26400000000001	427.08300000000003	426.70400000000001	425.678	425.2179999999999	424.3309999999999	423.96899999999988	423.358	422.2709999999999	420.22899999999976	416.35599999999999	409.46	398.524	383.31900000000002	364.74799999999999	344.63	326.14400000000012	311.9199999999999	303.089	300.66899999999993	301.69200000000001	303.80900000000008	305.65699999999993	308.43499999999989	311.964	314.97499999999991	317.858	320.06799999999993	320.15499999999997	319.96499999999986	319.75	319.27999999999986	319.21499999999986	318.964	318.7109999999999	318.42200000000003	319.35899999999987	319.0859999999999	319.05700000000002	318.96699999999976	318.95999999999987	318.94600000000003	318.94	318.93799999999987	318.93400000000003	318.92599999999987	318.91000000000003	318.87299999999999	318.81200000000001	318.76900000000001	318.637	318.44600000000003	318.71899999999988	319.23899999999975	319.31799999999993	319.28399999999988	319.13799999999986	318.82799999999986	318.60899999999987	318.16300000000001	317.4609999999999	317.3	317.09099999999989	316.88400000000001	316.61799999999999	316.3	316.12799999999999	316.52499999999986	317.08300000000003	316.91099999999989	316.9199999999999	317.01299999999986	317.12799999999999	317.17599999999999	317.19499999999999	317.22699999999975	317.2829999999999	317.30599999999993	317.34100000000001	317.35399999999993	317.35899999999987	317.36700000000002	317.38	317.38499999999999	317.392	317.39499999999987	317.39999999999986	317.40199999999987	317.404	317.40499999999986	317.40699999999975	317.4079999999999	 M3-D-K1-2	6.4888900000000032E-3	2.3576000000000003E-2	5.3640899999999977E-2	9.8738200000000054E-2	0.11565000000000002	0.14101700000000006	0.17906800000000006	0.19333700000000004	0.21474100000000007	0.22276700000000005	0.22577700000000003	0.23029200000000005	0.23706400000000005	0.23960300000000001	0.24341300000000007	0.24912699999999999	0.25769799999999998	0.26626900000000003	0.27484000000000008	0.27805400000000002	0.28287600000000013	0.29010800000000009	0.30095500000000008	0.31722700000000015	0.34163499999999997	0.34316000000000008	0.34468600000000021	0.34697400000000017	0.34783200000000014	0.34815400000000007	0.34827400000000008	0.34845500000000007	0.34872700000000006	0.34882900000000017	0.3488670000000002	0.34892400000000018	0.34901000000000021	0.34913900000000009	0.34926800000000008	0.34939700000000007	0.34959000000000007	0.34988000000000025	0.35031500000000021	0.35096700000000008	0.35194600000000009	0.35341300000000014	0.35561500000000001	0.35781700000000011	0.36001800000000012	0.36332100000000012	0.36827400000000016	0.37570500000000001	0.38313600000000009	0.39056600000000014	0.40171200000000001	0.418431	0.44350900000000015	0.48112600000000011	0.53755199999999981	0.55871099999999996	0.57987100000000025	0.60103099999999998	0.63277000000000039	0.66451000000000005	0.69624900000000034	0.708152	0.72600500000000023	0.75278500000000026	0.79295599999999999	0.85321100000000005	0.87580700000000022	0.88427999999999984	0.89698999999999984	0.91605599999999998	0.94465299999999996	0.98754999999999982	1.0518999999999996	1.1484099999999999	1.1846099999999999	1.1981800000000005	1.21854	1.24908	1.2948899999999999	1.3635999999999995	1.43231	1.4494899999999995	1.4752599999999998	1.5139099999999996	1.5525599999999999	1.59121	1.6491800000000001	1.7361500000000003	1.7381899999999999	1.7412399999999997	1.7423899999999999	1.7441100000000003	1.7466899999999999	1.7505599999999999	1.7544299999999997	1.7583000000000002	1.7641000000000002	1.7728100000000002	1.7858699999999998	1.7989299999999997	1.8119899999999998	1.8168800000000001	1.82423	1.8315699999999995	1.8389199999999999	1.8499399999999995	1.8664700000000001	1.8912599999999999	1.9284500000000002	1.9563400000000002	1.9981800000000003	2.0400100000000001	2.0818499999999993	2.1446100000000001	2.23874	2.3799399999999991	2.5917399999999997	2.9094399999999991	3	-3.0517600000000027E-8	33.350799999999992	68.766499999999994	121.1	140.505	168.83	208.76300000000001	222.25299999999999	241.59900000000002	248.36100000000005	250.76599999999999	254.17	259.101	260.88799999999986	263.08	267.048	272.34699999999987	277.82	283.06400000000002	285.04000000000002	287.83	292.35500000000002	298.89	308.5379999999999	321.75299999999999	322.53500000000003	323.22699999999975	324.02499999999986	324.05	323.91099999999989	323.82299999999987	323.49099999999987	321.7759999999999	320.81	320.38900000000001	319.49599999999975	317.17899999999986	311.24900000000002	303.80700000000002	295.87700000000001	283.78699999999975	267.9899999999999	249.98400000000001	231.64	216.18900000000002	206.416	203.43100000000001	204.46600000000001	206.11799999999999	208.40600000000001	210.315	213.00700000000001	212.95600000000005	212.38800000000006	211.70699999999999	211.73499999999999	214.81	213.79300000000001	212.85900000000001	215.30600000000001	216.24399999999994	215.22399999999999	216.74499999999998	215.791	215.55	215.61899999999997	215.80200000000005	217.786	218.345	218.21199999999999	218.15100000000001	218.07499999999999	217.99300000000002	218.40600000000001	218.16900000000001	219.19399999999999	219.32300000000001	219.005	218.82700000000006	218.74199999999999	218.60499999999999	218.68	218.68800000000005	218.56700000000001	218.47800000000001	218.459	218.435	219.18800000000005	218.87900000000002	218.62200000000001	218.59900000000002	218.565	218.60999999999999	218.94200000000001	219.09399999999999	219.393	219.35000000000005	220.011	220.74499999999998	221.101	221.476	222.03900000000002	223.15	223.97	222.37100000000001	221.66200000000001	221.23999999999998	222.04	222.39000000000001	222.94900000000001	225.625	223.26999999999998	221.73999999999998	221.34300000000002	220.34700000000001	219.96900000000002	219.423	219.05700000000004	218.86700000000005	218.53200000000001	217.39600000000004	216.55700000000004	216.39100000000005	Vertical displacement (mm)

Load (kN)


 M4-D-K1-1	8.4887600000000049E-3	4.1596100000000004E-2	9.168100000000004E-2	0.11046300000000002	0.13863600000000001	0.18089500000000006	0.24428300000000006	0.26805400000000001	0.27696800000000016	0.29033900000000001	0.31039600000000012	0.31227600000000011	0.31509700000000002	0.31615400000000016	0.317741	0.32012100000000021	0.32369000000000014	0.32904500000000014	0.33105300000000021	0.33406400000000025	0.33519400000000016	0.33561700000000011	0.33625300000000002	0.33720600000000012	0.33756300000000011	0.33809900000000015	0.33830000000000021	0.33860200000000013	0.33905400000000013	0.33922400000000025	0.33947800000000022	0.33957300000000012	0.33960900000000022	0.33966300000000021	0.33974300000000002	0.33977400000000013	0.33981900000000026	0.33988700000000033	0.33998900000000032	0.34014100000000003	0.34037100000000015	0.3407150000000001	0.34123000000000003	0.34200400000000009	0.34316400000000002	0.34490500000000002	0.34751600000000016	0.351433	0.35730800000000013	0.36612000000000011	0.36942500000000011	0.37438200000000027	0.38181700000000013	0.39297100000000013	0.40970100000000004	0.4347950000000001	0.47243800000000002	0.51007999999999998	0.54772200000000004	0.58536399999999966	0.62300599999999995	0.63241700000000001	0.63594600000000023	0.64123900000000023	0.64322400000000024	0.64620200000000005	0.64648099999999997	0.64676000000000022	0.64703900000000025	0.64745799999999998	0.64808600000000005	0.64902800000000038	0.65044100000000038	0.65256099999999972	0.65574100000000046	0.66051000000000004	0.66766400000000026	0.67839600000000022	0.69449300000000003	0.71863800000000022	0.75485600000000019	0.80918299999999976	0.86351100000000003	0.91783800000000004	0.99932900000000002	1.1215599999999999	1.1674	1.2361599999999999	1.3392999999999995	1.494	1.7260599999999999	2.0741499999999991	2.2046800000000002	2.4004799999999991	2.6941799999999998	3.1347299999999998	3.79555	4.7867800000000003	5	-2.1215600000000008E-2	56.463000000000001	112.56	133.07499999999999	162.75700000000001	204.04300000000001	257.45800000000003	274.38099999999986	280.28199999999975	288.7229999999999	299.93799999999987	301.00900000000001	302.64600000000002	303.26499999999999	304.33300000000003	307.55399999999986	310.28199999999975	311.4249999999999	311.45499999999993	309.86	307.11700000000002	304.14499999999998	298.18299999999999	290.67500000000001	288.15800000000002	284.99400000000003	283.87799999999999	282.279	279.55599999999993	278.4849999999999	276.76299999999986	276.09699999999975	275.84300000000002	275.45499999999993	274.83999999999986	274.60399999999993	274.2349999999999	273.61799999999999	272.45400000000001	270.13400000000001	265.96699999999976	259.69299999999993	251.57300000000001	242.28200000000001	233.01399999999998	225.37200000000001	220.572	219.00800000000001	219.869	221.654	222.05200000000005	222.07	221.92200000000005	222.22499999999999	222.148	222.44200000000001	222.14699999999999	221.96200000000005	221.91800000000001	222.51300000000001	222.15700000000001	222.54300000000001	222.72	223.15600000000001	223.36800000000005	223.98100000000005	224.04300000000001	224.10900000000001	224.178	224.28399999999999	224.429	224.55	224.495	222.83200000000005	221.24899999999997	221.01300000000001	221.77299999999997	222.76	222.786	222.547	222.536	222.68	222.78700000000001	222.85200000000006	222.923	223.03900000000002	223.096	223.13	223.17099999999999	223.23	223.32600000000005	223.453	223.49800000000005	223.54900000000001	223.584	223.53700000000001	223.47300000000001	223.46300000000002	223.46100000000001	 M4-D-K1-2 	8.589810000000005E-3	4.1496100000000015E-2	9.1582000000000024E-2	0.110364	0.13853799999999999	0.18079800000000004	0.24418699999999999	0.25013000000000002	0.259044	0.27241600000000016	0.29247300000000015	0.29999400000000009	0.30281500000000011	0.30704500000000001	0.31339200000000011	0.31577100000000002	0.31934100000000021	0.3246960000000001	0.32670400000000016	0.32871200000000012	0.33072000000000012	0.33373200000000008	0.3340140000000002	0.33443700000000015	0.33507300000000012	0.33602600000000027	0.33638300000000032	0.33691900000000014	0.3371200000000002	0.33742200000000022	0.33787400000000023	0.33804400000000012	0.33810700000000021	0.33820300000000014	0.3383460000000002	0.33856000000000025	0.33864100000000008	0.33876200000000012	0.33880700000000014	0.33887500000000026	0.33897700000000025	0.33913000000000021	0.33935900000000013	0.33970300000000014	0.34021800000000002	0.34073399999999998	0.34125	0.34202400000000016	0.34318400000000016	0.34492500000000015	0.34753600000000001	0.35145300000000002	0.3573280000000002	0.36614100000000011	0.37935900000000011	0.38431700000000013	0.39175200000000016	0.40290600000000015	0.41963600000000001	0.44473099999999999	0.45414200000000005	0.46825800000000001	0.48943200000000009	0.52119300000000002	0.53310400000000002	0.55096999999999996	0.57776799999999973	0.61796600000000002	0.63304000000000038	0.63869300000000029	0.64717200000000019	0.65989100000000045	0.67261000000000026	0.68532899999999997	0.70440700000000001	0.73302400000000023	0.77595000000000025	0.79204799999999997	0.81619399999999998	0.85241199999999973	0.90674100000000024	0.9882329999999997	1.1104700000000001	1.2938299999999996	1.56887	1.98142	2.60026	3.5285099999999998	4.9208799999999995	5	-1.9651000000000005E-2	56.278000000000013	112.21299999999999	132.66200000000001	162.24299999999999	203.346	256.40899999999988	260.85500000000002	267.14299999999997	276.12599999999986	288.67700000000002	293.03399999999988	294.65600000000001	297.22000000000003	303.37700000000001	304.16399999999999	305.42399999999975	307.36500000000001	308.04000000000002	308.49499999999989	308.43799999999987	305.6400000000001	305.27499999999986	303.92999999999989	298.65400000000011	290.75700000000001	288.02299999999991	284.57400000000001	283.37299999999999	281.73799999999989	279.41199999999975	278.53899999999987	278.20999999999987	277.70400000000001	276.89099999999991	275.55500000000001	275.0379999999999	274.22399999999988	273.9129999999999	273.42999999999989	272.61399999999986	270.91099999999989	267.31200000000001	261.16800000000001	252.75700000000001	245.685	239.84200000000001	233.208	226.68300000000002	221.36100000000005	218.20699999999999	217.54599999999999	218.69300000000001	220.36800000000005	220.38400000000001	220.23099999999999	220.72300000000001	221.41900000000001	220.93800000000005	221.66399999999999	222.01599999999999	221.41900000000001	220.607	220.631	220.71699999999998	220.80800000000005	221.49800000000005	220.61299999999997	221.00700000000001	221.23399999999998	221.84399999999999	218.49200000000005	220.29399999999998	221.726	221.85600000000005	221.43300000000002	221.35500000000005	221.37300000000002	221.41300000000001	221.571	221.62	221.666	221.8	221.92600000000004	222.05	222.20399999999998	222.28	222.35000000000005	222.37700000000001	222.376	M4.5-D-K1-1	9.6138300000000038E-3	4.0482300000000013E-2	9.0578400000000031E-2	0.10936400000000003	0.13754400000000006	0.17981200000000006	0.24321500000000004	0.26699100000000003	0.27590700000000001	0.28928100000000001	0.29429700000000003	0.30181900000000011	0.304641	0.3088720000000002	0.31522000000000011	0.31760000000000016	0.32117000000000012	0.3265260000000002	0.33456000000000014	0.34661000000000008	0.35112900000000002	0.35282300000000011	0.35536500000000021	0.35631800000000013	0.35667600000000016	0.35721200000000009	0.35741300000000015	0.35771500000000001	0.3578280000000002	0.35799700000000001	0.35825200000000001	0.35863300000000004	0.35920600000000008	0.36006500000000002	0.36028000000000016	0.36049400000000009	0.36081600000000025	0.36093700000000001	0.36111800000000016	0.36118600000000012	0.36128800000000011	0.3613260000000002	0.36138400000000021	0.36140500000000014	0.36143700000000001	0.3614860000000002	0.36155800000000016	0.36166700000000002	0.36183000000000015	0.36207500000000015	0.36244200000000015	0.36299300000000001	0.3638200000000002	0.36505900000000002	0.36691900000000011	0.36970700000000001	0.37389100000000008	0.38016600000000011	0.38957900000000012	0.403698	0.4248760000000002	0.4328180000000002	0.44473099999999999	0.46260000000000001	0.48940400000000012	0.49945600000000012	0.51453299999999969	0.53714899999999999	0.57107300000000005	0.58379400000000004	0.5965159999999996	0.60923700000000003	0.62831899999999996	0.63010800000000022	0.63279200000000024	0.63379800000000031	0.63530699999999996	0.63587300000000024	0.63643899999999998	0.63700600000000018	0.63785499999999995	0.63912800000000025	0.64103800000000022	0.64390400000000025	0.64820199999999994	0.65465000000000029	0.66432100000000038	0.67882800000000032	0.70058799999999977	0.73322900000000024	0.78218900000000002	0.85563100000000025	0.96579200000000021	1.13103	1.1930000000000001	1.2859499999999995	1.4253699999999996	1.6345099999999999	1.7129299999999996	1.83057	2.0070299999999999	2.2717200000000002	2.6687500000000002	3.2642899999999999	4.1576099999999983	5	2.5880100000000008E-3	56.8431	113.181	133.83700000000005	164.00800000000001	206.38600000000005	262.23200000000003	280.50700000000001	286.96699999999976	296.19299999999993	299.548	304.42699999999985	306.24	309.04700000000008	315.63400000000001	316.56099999999986	318.0329999999999	320.41099999999989	324.27299999999991	329.54399999999993	331.08	331.47199999999975	331.44799999999987	331.13099999999986	330.93599999999975	330.34000000000009	330.05700000000002	329.41099999999989	329.12900000000002	328.57	326.86200000000002	322.92399999999975	316.7879999999999	309.29899999999975	307.53500000000003	305.80799999999999	303.12799999999999	302.10300000000001	300.4899999999999	299.87299999999999	298.90599999999989	298.53599999999989	297.95800000000003	297.73699999999985	297.39400000000001	296.84199999999993	295.89099999999991	294.14400000000012	290.99299999999988	285.88900000000001	278.70999999999987	269.7949999999999	260.077	250.87700000000001	243.62300000000002	239.28200000000001	238.03700000000001	238.60300000000001	239.24099999999999	240.33800000000005	242.29900000000001	243.07300000000001	243.24399999999994	242.50899999999999	241.262	241.26499999999999	241.411	241.61699999999999	242.37	242.25200000000001	241.83700000000005	241.708	242.74199999999999	242.82600000000005	243.01900000000001	243.12700000000001	243.43100000000001	243.566	243.70999999999998	243.84100000000001	243.93600000000001	243.62	241.43800000000005	240.12	240.08500000000001	241.15600000000001	242.50299999999999	243.25700000000001	243.01900000000001	242.87	242.87900000000002	242.96	243.02	243.15900000000002	243.227	243.33800000000005	243.44	243.63499999999999	243.70099999999999	243.74699999999999	243.78900000000002	243.84	243.88500000000005	243.81100000000001	243.86700000000005	243.946	Vertical displacement (mm)

Load (kN)



Keyed dry-0.69 Mpa	1.1796200000000001E-3	8.8321800000000037E-3	1.8844000000000007E-2	3.3861700000000002E-2	5.6388199999999999E-2	9.0178000000000022E-2	0.14086299999999999	0.15353400000000006	0.15670200000000006	0.15987000000000001	0.16105700000000001	0.16283900000000001	0.16551199999999999	0.16952100000000001	0.17102500000000001	0.17158899999999999	0.17243400000000006	0.17275099999999999	0.17322699999999999	0.17394100000000007	0.17501100000000006	0.17661700000000005	0.17902499999999999	0.18263699999999999	0.18399200000000007	0.18602399999999999	0.18805600000000006	0.19008800000000001	0.193136	0.19427900000000001	0.19599300000000006	0.19856499999999999	0.20242199999999999	0.20386899999999999	0.20413999999999999	0.20454700000000006	0.20515700000000001	0.20607300000000001	0.20744600000000007	0.20950600000000005	0.21259500000000006	0.21723000000000006	0.22418099999999994	0.23460800000000001	0.24503500000000006	0.255463	0.26589000000000002	0.27631700000000015	0.29195800000000011	0.29586800000000013	0.29977800000000016	0.305643	0.3061930000000001	0.30701800000000012	0.308255	0.31011100000000008	0.31289500000000015	0.31707000000000013	0.31863600000000009	0.31922300000000015	0.32010400000000011	0.32018700000000011	0.32031100000000012	0.32035700000000011	0.32042700000000013	0.32045300000000021	0.32049200000000011	0.32050700000000021	0.32052900000000012	0.32053700000000002	0.32055000000000011	0.32055400000000012	0.32056100000000015	0.32057200000000013	0.32058700000000012	0.32060300000000008	0.32061900000000021	0.32062500000000022	0.320633	0.32063700000000001	0.32064200000000009	0.3206440000000001	0.32064500000000001	0.32064700000000002	0.32065000000000016	0.32065400000000016	0.32066100000000008	0.32067000000000012	0.32068400000000014	0.32070500000000002	0.32071300000000008	0.32071600000000011	0.32071900000000014	0.32072200000000012	0.32072700000000015	0.3207330000000001	0.32074400000000008	0.32075900000000002	0.32078100000000015	0.32079000000000002	0.3208020000000002	0.32080700000000012	0.32081400000000027	0.32081700000000013	0.32082100000000013	0.32082300000000014	0.32082500000000025	0.32082600000000022	0.32082700000000025	0.32082900000000025	0.32083000000000012	0.32083100000000014	0.32083300000000015	0.32083500000000015	0.32083800000000012	0.32084300000000021	0.32085100000000011	0.3208620000000002	0.32088000000000022	0.32090500000000011	0.32094400000000012	0.32095300000000021	0.32096300000000011	0.32097700000000012	0.32099900000000015	0.3210320000000001	0.3210800000000002	0.32115300000000002	0.32126300000000002	0.32142700000000013	0.32167400000000013	0.32204400000000011	0.32259900000000002	0.32343100000000002	0.32467900000000011	0.32655200000000012	0.32936100000000013	0.33357500000000012	0.33989500000000011	0.34937500000000021	0.36359600000000009	0.38492600000000027	0.41692300000000021	0.46491700000000002	0.53690899999999997	0.64489600000000025	0.80687699999999996	1	1.9073500000000021E-9	2.8357799999999993	5.6949899999999962	9.843300000000001	15.9472	24.148299999999988	34.618100000000013	36.993200000000002	37.562800000000003	38.091000000000001	38.300200000000004	38.626400000000011	39.047600000000003	39.715100000000014	39.970400000000005	40.074200000000005	40.228400000000015	40.284500000000001	40.366	40.484799999999993	40.647400000000005	40.919000000000004	41.265400000000014	41.839300000000001	42.089800000000004	42.459899999999998	42.819899999999997	43.182900000000011	43.711100000000002	43.906600000000005	44.190400000000011	44.609300000000012	45.2119	45.440100000000001	45.483800000000002	45.551599999999993	45.652800000000006	45.801099999999998	46.018500000000003	46.334499999999998	46.792200000000015	47.4557	48.401899999999998	49.784600000000005	51.141500000000001	52.485400000000006	53.8294	55.125500000000017	56.924700000000001	57.320400000000006	57.697000000000003	58.194900000000011	58.232900000000015	58.095700000000015	58.134600000000006	58.237700000000011	58.463100000000011	58.784100000000002	58.886099999999999	58.914399999999993	58.928300000000014	58.928200000000011	58.922000000000011	58.918500000000002	58.907800000000002	58.902700000000003	58.889899999999997	58.883999999999993	58.870899999999999	58.865100000000012	58.853299999999997	58.848400000000005	58.839000000000006	58.816400000000002	58.736300000000014	58.576300000000003	58.314199999999992	58.200500000000012	57.990900000000003	57.906500000000001	57.765200000000014	57.709900000000012	57.6524	57.592400000000012	57.495900000000013	57.332800000000006	57.0379	56.481899999999996	55.462300000000013	53.751000000000005	53.094300000000011	52.846400000000003	52.597200000000001	52.346499999999999	51.9664	51.385600000000004	50.503700000000002	49.214800000000004	47.451999999999998	46.817399999999999	45.926000000000002	45.600200000000001	45.130100000000013	44.956400000000002	44.701500000000003	44.606700000000011	44.466300000000011	44.404600000000002	44.312899999999999	44.244600000000005	44.143000000000001	44.083200000000005	43.994200000000006	43.8626	43.6706	43.397600000000004	43.019400000000005	42.4998	41.781200000000005	40.788700000000013	39.469100000000012	39.150300000000001	38.845500000000001	38.421300000000002	37.846499999999999	37.061900000000001	36.011600000000001	34.670300000000012	33.129800000000003	31.54549999999999	30.119700000000005	29.010899999999999	28.286699999999989	27.923999999999992	27.900099999999984	28.18249999999999	28.685399999999991	29.301300000000001	29.950599999999991	30.556100000000001	30.962299999999985	31.248999999999988	31.384799999999984	31.448299999999989	31.477599999999988	31.491199999999992	31.495899999999988	31.492999999999988	Keyed dry-2.07 Mpa	3.6344100000000007E-3	6.4019300000000019E-3	1.6438299999999999E-2	3.1492800000000001E-2	5.4074600000000021E-2	8.7947200000000031E-2	0.13875599999999999	0.15781000000000006	0.16495499999999999	0.17567199999999997	0.19174800000000006	0.21586300000000005	0.22490599999999999	0.23847000000000004	0.24355700000000005	0.2511870000000001	0.254048	0.25834000000000001	0.26477800000000001	0.26719200000000004	0.27081300000000008	0.27624500000000002	0.28439300000000001	0.29254000000000002	0.29457700000000014	0.29763300000000004	0.29877900000000002	0.29920800000000009	0.29936900000000011	0.29961100000000002	0.29970200000000002	0.29983800000000016	0.29988900000000013	0.29996500000000015	0.29999400000000009	0.300037	0.30010100000000001	0.30012600000000011	0.3001620000000001	0.30021600000000009	0.30029800000000001	0.30042000000000013	0.30060400000000009	0.3008800000000002	0.30129300000000003	0.30191300000000021	0.30284400000000011	0.30423900000000004	0.30633200000000016	0.30947100000000011	0.31064800000000009	0.31109000000000014	0.311255	0.31150400000000011	0.31175200000000008	0.31200000000000011	0.31237300000000012	0.31293200000000015	0.31377000000000016	0.31502700000000011	0.31691300000000011	0.31762000000000012	0.31868000000000013	0.32027200000000011	0.32265800000000011	0.32355300000000015	0.32388900000000026	0.32439200000000012	0.32514700000000002	0.32628000000000013	0.32797900000000013	0.33052800000000027	0.33435100000000012	0.33578400000000025	0.33793500000000021	0.33874100000000001	0.33995100000000011	0.3417650000000001	0.34448700000000021	0.34856900000000002	0.35469300000000004	0.35698900000000011	0.35785000000000011	0.357931	0.35805200000000009	0.35809800000000008	0.3581660000000001	0.35819100000000004	0.3582300000000001	0.35828700000000002	0.35837300000000011	0.35850300000000002	0.3586970000000001	0.35898800000000014	0.35942400000000013	0.35958800000000013	0.35983300000000001	0.35992500000000022	0.36006300000000002	0.36011500000000002	0.36013500000000004	0.3601640000000001	0.360207	0.36022400000000016	0.36024800000000001	0.36025800000000002	0.36027300000000001	0.36029600000000001	0.36031900000000011	0.36032900000000012	0.36034400000000011	0.36036600000000013	0.36040000000000011	0.36045100000000002	0.36052700000000021	0.3606410000000001	0.36081300000000022	0.36107000000000011	0.36145600000000011	0.362035	0.36290300000000014	0.364205	0.36615800000000009	0.36908800000000025	0.37348300000000012	0.38007500000000011	0.3899640000000002	0.40479600000000004	0.42704500000000001	0.46041900000000002	0.51047900000000002	0.58556899999999967	0.58674199999999999	0.58681599999999978	0.58688899999999977	0.58696199999999976	0.58707199999999982	0.58723699999999968	0.5874849999999997	0.58785599999999982	0.58841299999999941	0.58924799999999977	0.58956099999999967	0.59003099999999975	0.59050099999999972	1.9073500000000019E-8	2.9862699999999993	5.9832300000000016	10.271800000000001	16.569199999999988	26.0105	40.095600000000012	44.917299999999997	46.5565	48.836300000000001	52.068300000000015	56.887799999999999	58.655200000000001	61.2042	62.120800000000003	63.460800000000006	63.950099999999999	64.668300000000002	65.713499999999996	66.079399999999978	66.594099999999997	67.353700000000003	68.371200000000002	69.409400000000005	69.663699999999992	70.038699999999992	70.188699999999983	70.246399999999994	70.268199999999993	70.300899999999999	70.313100000000006	70.331999999999994	70.339200000000005	70.350399999999979	70.354799999999983	70.361500000000007	70.372899999999973	70.377299999999991	70.384100000000004	70.394000000000005	70.408600000000007	70.428299999999993	70.452500000000001	70.483800000000002	70.52849999999998	70.596500000000006	70.703400000000002	70.881600000000006	71.1571	71.570599999999999	71.724300000000014	71.787000000000006	71.823599999999999	71.920599999999993	71.941200000000038	71.958200000000005	71.9923	72.050799999999981	72.146799999999999	72.301000000000002	72.546700000000001	72.64	72.762900000000002	72.951899999999995	73.239800000000002	73.347399999999993	73.389200000000002	73.447000000000031	73.52979999999998	73.660799999999981	73.864099999999993	74.169200000000004	74.62579999999997	74.793899999999994	75.043099999999995	75.135899999999978	75.2714	75.47229999999999	75.785600000000002	76.22829999999999	76.843900000000005	77.080600000000004	77.173099999999977	77.183399999999978	77.201200000000028	77.208200000000005	77.219800000000006	77.225200000000001	77.239099999999993	77.290800000000004	77.450400000000002	77.529200000000003	77.494200000000035	77.433899999999994	77.396900000000002	77.387799999999999	77.377099999999999	77.372499999999988	77.357500000000002	77.349300000000014	77.345699999999994	77.3386	77.315799999999982	77.304500000000004	77.244200000000035	77.206400000000002	77.075199999999981	76.551000000000002	75.474700000000013	74.881699999999995	73.778799999999976	71.874799999999979	69.002299999999991	65.317700000000002	61.266900000000014	57.261400000000002	53.625500000000017	50.7102	48.905000000000001	48.239800000000002	48.3675	48.8367	49.400100000000002	49.9664	50.539700000000003	51.097700000000003	51.623600000000003	52.0762	52.347499999999997	52.557400000000001	52.721900000000012	53.062200000000011	53.067500000000003	53.068000000000012	53.068400000000011	53.068700000000014	53.069200000000002	53.069800000000001	53.070800000000006	53.072400000000002	53.0747	53.078200000000002	53.079500000000003	53.081400000000002	53.083200000000005	Keyed dray-3.45 Mpa	6.0380300000000015E-3	4.0223500000000001E-3	1.40827E-2	2.9173299999999999E-2	5.18092E-2	8.5762900000000031E-2	9.849560000000003E-2	0.10327000000000003	0.110432	0.12117600000000005	0.13729000000000005	0.14333399999999999	0.15239800000000006	0.16599500000000006	0.18639000000000006	0.21698300000000006	0.22845499999999999	0.24566399999999999	0.25211700000000004	0.261797	0.27631700000000015	0.28176100000000004	0.28992900000000021	0.30218000000000012	0.30677400000000016	0.31366500000000008	0.32400200000000012	0.33950700000000011	0.362765	0.36494500000000002	0.36821600000000015	0.36852200000000013	0.3689820000000002	0.36915500000000001	0.36921900000000002	0.3693160000000002	0.36935300000000021	0.36940700000000021	0.36941100000000021	0.36941400000000013	0.36941900000000011	0.36942700000000012	0.36943900000000002	0.36945600000000012	0.3694820000000002	0.36952100000000021	0.369535	0.36955700000000002	0.36959000000000014	0.369639	0.36971300000000001	0.36982300000000012	0.36998900000000012	0.37023800000000001	0.37048700000000012	0.37073600000000001	0.37110900000000002	0.37167000000000011	0.37251000000000012	0.37377000000000016	0.37566000000000016	0.37849500000000008	0.38274900000000001	0.38912800000000014	0.39869800000000011	0.40228600000000009	0.407669	0.40968800000000011	0.412715	0.41385100000000002	0.41555400000000009	0.41619300000000004	0.41643200000000002	0.41652200000000011	0.416657	0.41670700000000011	0.41672600000000015	0.4167550000000001	0.41679700000000003	0.41686100000000015	0.41695700000000002	0.417101	0.41731700000000022	0.41764100000000004	0.41812600000000011	0.41885400000000012	0.41994700000000001	0.42158600000000013	0.42220000000000002	0.42312200000000011	0.42450500000000002	0.42502300000000015	0.42580100000000021	0.42696700000000021	0.42871700000000001	0.43134200000000011	0.43528000000000011	0.44118600000000002	0.45004500000000003	0.45890400000000009	0.461119	0.46333400000000002	0.46665600000000002	0.46696700000000002	0.46743400000000002	0.46761000000000008	0.46787200000000012	0.46797100000000008	0.46800800000000009	0.46806300000000001	0.46808400000000011	0.46809200000000001	0.46810400000000002	0.46810800000000002	0.468115	0.4681240000000001	0.46812500000000001	0.46812700000000002	0.46812800000000016	0.46812900000000002	0.46813200000000005	0.46813500000000002	0.46814	0.46814800000000001	0.4681590000000001	0.46817600000000009	0.46820200000000001	0.46824100000000002	0.46829900000000002	0.46838600000000014	0.46851600000000015	0.46871200000000002	0.46900600000000009	0.469447	0.470107	0.47035500000000002	0.47072700000000001	0.47128400000000009	0.47212100000000001	0.47337500000000021	0.4752570000000001	0.47808000000000012	0.48231400000000013	0.48390100000000008	0.48628300000000002	0.48717600000000011	0.48851600000000012	0.4886410000000001	0.48883000000000021	0.48911200000000016	0.48953600000000008	0.49017200000000011	0.49018700000000015	0.49020900000000001	0.49024300000000004	0.490255	0.49026000000000008	0.49026700000000001	0.49027800000000016	0.49028200000000011	0.49028800000000011	0.49029600000000001	0.49030000000000012	0.49030500000000021	0.49031200000000025	0.4903240000000002	0.49034100000000008	0.49034700000000014	0.49035700000000021	0.49037100000000011	0.49039300000000002	0.49042500000000011	0.49047300000000021	0.49054600000000009	0.49065500000000001	0.4906950000000001	0.490757	0.49084900000000015	0.4909860000000002	0.4911930000000001	0.49150300000000002	0.49196800000000013	0.49266600000000016	0.4937120000000001	0.49528200000000011	0.49763600000000002	0.5011679999999995	0.50646499999999972	0.51441199999999976	0.52633099999999977	0.54420999999999997	0.57102900000000023	0.61125700000000005	0.67159899999999995	0.76211200000000001	0.79605400000000004	0.82999600000000018	0.84696700000000003	0.86393799999999998	0.86394000000000026	0.86394100000000029	0.86394300000000024	0.86394700000000024	0.86395200000000005	0.86395999999999995	0.86397200000000018	0.86398399999999997	0.86399500000000029	0.86401300000000003	0.86404000000000025	0.86407900000000026	0.86413899999999999	0.86422900000000025	0.86436299999999977	0.86456500000000003	0.86486700000000005	0.86532100000000023	0.86600100000000024	0.86702200000000018	0.86855300000000002	0.87084900000000032	0.87429299999999999	0.87946000000000002	0.88720999999999983	0.89883500000000005	0.91627199999999998	0.94242800000000004	0.98166199999999981	1	-3.8147000000000034E-9	3.1475800000000009	6.2815799999999999	10.7721	17.341799999999992	27.1477	30.831600000000005	32.211100000000002	34.277300000000011	37.373000000000005	41.992100000000015	43.707900000000002	46.233400000000003	49.979900000000001	55.387099999999997	63.010200000000005	65.684799999999981	69.418000000000006	70.753399999999999	72.648299999999992	75.281300000000002	76.261300000000006	77.692499999999981	79.652999999999977	80.40460000000003	81.504499999999993	83.136499999999998	85.396199999999993	88.251199999999997	88.4833	88.848699999999994	88.882899999999978	88.930700000000002	88.947200000000038	88.953000000000003	88.958500000000001	88.959700000000012	88.949300000000022	88.948499999999996	88.947800000000029	88.946500000000029	88.944200000000038	88.939400000000006	88.927499999999995	88.894599999999997	88.806799999999981	88.768299999999996	88.697999999999993	88.566599999999994	88.321600000000004	87.889699999999991	87.211700000000022	86.310900000000004	85.41700000000003	84.752200000000002	84.304999999999993	83.939600000000027	83.752799999999979	83.756200000000007	83.943600000000046	84.305599999999998	84.860299999999995	85.587500000000006	86.559299999999993	88.03	88.537200000000027	89.277900000000002	89.52849999999998	89.900499999999994	90.037400000000005	90.244700000000023	90.325099999999978	90.356499999999983	90.369100000000003	90.455699999999993	90.485699999999994	90.496399999999994	90.512600000000006	90.551699999999997	90.5989	90.60799999999999	90.590199999999996	90.568399999999983	90.563000000000002	90.589299999999994	90.658299999999983	90.774199999999993	90.953300000000013	91.019499999999994	91.117999999999995	91.206100000000006	91.236400000000003	91.265799999999999	91.400499999999994	91.573799999999977	91.814700000000002	92.195499999999981	92.786600000000007	93.516499999999994	94.444100000000034	94.666399999999982	94.888599999999983	95.212000000000003	95.239400000000003	95.281499999999994	95.297300000000007	95.311400000000006	95.311099999999996	95.310199999999995	95.308099999999982	95.306899999999999	95.306299999999993	95.303399999999982	95.301900000000003	95.298199999999994	95.283500000000004	95.281899999999993	95.279200000000003	95.277100000000004	95.273200000000003	95.263900000000007	95.243600000000029	95.208399999999983	95.161699999999996	95.113399999999999	95.074399999999983	95.052499999999981	95.051000000000002	95.068899999999999	95.103200000000001	95.151399999999981	95.212199999999996	95.283000000000001	95.356700000000004	95.443700000000007	95.472999999999999	95.5124	95.478799999999978	95.539299999999997	95.715700000000012	95.908699999999996	96.183599999999998	96.587700000000012	96.736800000000002	96.956000000000003	97.034400000000005	97.142499999999998	97.153699999999986	97.163399999999982	97.176899999999989	97.211700000000022	97.272199999999998	97.273399999999981	97.273399999999981	97.262500000000003	97.255899999999983	97.253100000000003	97.247400000000027	97.230900000000005	97.223299999999995	97.206700000000012	97.156099999999981	97.132599999999982	97.082999999999998	96.960300000000004	96.624299999999991	95.735500000000002	95.347600000000028	94.654999999999987	93.443399999999997	91.537600000000026	88.948499999999996	85.810599999999994	82.209400000000002	78.572399999999988	77.283600000000007	75.595299999999995	73.599100000000007	71.478200000000001	69.536799999999999	68.115499999999983	67.434900000000027	67.419300000000007	67.750500000000002	68.208000000000013	68.619	68.979799999999983	69.369900000000001	69.789199999999994	70.205399999999983	70.575399999999988	71.0077	71.350700000000003	71.641400000000004	71.995000000000005	72.116299999999995	72.240399999999994	72.301900000000003	72.363299999999995	72.363299999999995	72.363299999999995	72.363299999999995	72.363299999999995	72.363799999999998	72.366500000000002	72.384500000000003	72.418099999999995	72.461799999999997	72.527799999999999	72.597800000000007	72.643900000000002	72.649900000000002	72.629799999999989	72.631900000000002	72.577399999999983	72.510300000000001	72.465700000000012	72.444700000000026	72.435000000000002	72.428100000000001	72.422399999999982	72.419399999999996	72.421400000000006	72.431799999999996	72.456500000000005	72.504499999999993	72.583500000000001	72.702100000000002	72.755600000000001	Vertical displacement (mm)

Load (kN)



 M1-D-K1-2	2.0052199999999998E-3	1.8014800000000001E-2	3.803490000000001E-2	6.8065000000000001E-2	0.11311	0.13000200000000001	0.15534000000000006	0.15692400000000006	0.15850700000000006	0.160883	0.161773	0.16311	0.16511400000000001	0.16586500000000001	0.16699300000000006	0.16727500000000001	0.16755600000000001	0.16797899999999999	0.16861300000000001	0.16956499999999999	0.17051600000000006	0.17146700000000006	0.17289399999999999	0.174321	0.17574800000000007	0.17788799999999999	0.18109800000000006	0.18591400000000011	0.193138	0.20397299999999999	0.21480800000000005	0.22564300000000001	0.23647899999999999	0.24731400000000006	0.263567	0.27982000000000012	0.28007400000000016	0.28045500000000001	0.2805970000000001	0.28081200000000012	0.28089200000000009	0.28101300000000001	0.28105800000000009	0.28107500000000002	0.28110000000000002	0.281138	0.2811530000000001	0.28117400000000009	0.28120600000000001	0.281254	0.28132700000000022	0.2814350000000001	0.28159800000000001	0.2816590000000001	0.28175100000000003	0.28188900000000011	0.28202600000000011	0.282163	0.28237000000000012	0.28267900000000001	0.28314300000000003	0.28383900000000001	0.28453400000000001	0.28523000000000004	0.28627400000000008	0.28783900000000001	0.29018800000000011	0.29371000000000008	0.29899400000000009	0.30692000000000025	0.3188080000000002	0.33664100000000002	0.36339000000000021	0.40351400000000009	0.44363799999999998	0.48376200000000008	0.54394699999999996	0.63422600000000018	0.76964400000000033	0.97277100000000039	1.2774599999999998	1.7344999999999995	2	-4.5776400000000054E-8	21.925599999999985	44.7575	77.465199999999996	123.2	138.89100000000005	160.02000000000001	161.04399999999998	162.041	162.85900000000001	163.29300000000001	163.994	164.77799999999999	165.07599999999999	165.19399999999999	165.17399999999998	165.14	165.006	164.459	163.82500000000005	163.672	163.84200000000001	164.52500000000001	165.33600000000001	166.13800000000001	167.28	169.06800000000001	171.70299999999997	175.91800000000001	182.59300000000002	188.91900000000001	195.08800000000005	200.85300000000001	206.35800000000006	213.84300000000002	219.042	219.053	218.666	218.35100000000006	216.834	215.87800000000001	212.34300000000002	210.624	209.917	208.68900000000002	206.464	205.57599999999999	204.13800000000001	201.79399999999998	198.04900000000001	192.37700000000001	184.47900000000001	174.477	170.98000000000005	166.22399999999999	160.05800000000005	154.68600000000001	150.029	144.40600000000001	138.21299999999999	132.17899999999997	127.39100000000002	125.154	124.25700000000002	124.17799999999998	124.727	126.04600000000002	128.15300000000002	129.76900000000001	130.46700000000001	131.35500000000005	131.804	132.17299999999997	132.27099999999999	131.953	131.91	131.64099999999999	130.846	129.97300000000001	128.477	127.661	127.042	126.88	(A)	0.15692400000000006	161.04399999999998	(B)	0.16699300000000006	165.19399999999999	0.27982000000000012	219.042	0.28175100000000003	166.22399999999999	0.28105800000000009	210.624	Vertical displacement (mm)

Load (kN)


 M1-D-K1-2	2.0052199999999998E-3	1.8014800000000001E-2	3.803490000000001E-2	6.8065000000000001E-2	0.11311	0.13000200000000001	0.15534000000000006	0.15692400000000006	0.15850700000000006	0.160883	0.161773	0.16311	0.16511400000000001	0.16586500000000001	0.16699300000000006	0.16727500000000001	0.16755600000000001	0.16797899999999999	0.16861300000000001	0.16956499999999999	0.17051600000000006	0.17146700000000006	0.17289399999999999	0.174321	0.17574800000000007	0.17788799999999999	0.18109800000000006	0.18591400000000011	0.193138	0.20397299999999999	0.21480800000000005	0.22564300000000001	0.23647899999999999	0.24731400000000006	0.263567	0.27982000000000012	0.28007400000000016	0.28045500000000001	0.2805970000000001	0.28081200000000012	0.28089200000000009	0.28101300000000001	0.28105800000000009	0.28107500000000002	0.28110000000000002	0.281138	0.2811530000000001	0.28117400000000009	0.28120600000000001	0.281254	0.28132700000000022	0.2814350000000001	0.28159800000000001	0.2816590000000001	0.28175100000000003	0.28188900000000011	0.28202600000000011	0.282163	0.28237000000000012	0.28267900000000001	0.28314300000000003	0.28383900000000001	0.28453400000000001	0.28523000000000004	0.28627400000000008	0.28783900000000001	0.29018800000000011	0.29371000000000008	0.29899400000000009	0.30692000000000025	0.3188080000000002	0.33664100000000002	0.36339000000000021	0.40351400000000009	0.44363799999999998	0.48376200000000008	0.54394699999999996	0.63422600000000018	0.76964400000000033	0.97277100000000039	1.2774599999999998	1.7344999999999995	2	-4.5776400000000054E-8	21.925599999999985	44.7575	77.465199999999996	123.2	138.89100000000005	160.02000000000001	161.04399999999998	162.041	162.85900000000001	163.29300000000001	163.994	164.77799999999999	165.07599999999999	165.19399999999999	165.17399999999998	165.14	165.006	164.459	163.82500000000005	163.672	163.84200000000001	164.52500000000001	165.33600000000001	166.13800000000001	167.28	169.06800000000001	171.70299999999997	175.91800000000001	182.59300000000002	188.91900000000001	195.08800000000005	200.85300000000001	206.35800000000006	213.84300000000002	219.042	219.053	218.666	218.35100000000006	216.834	215.87800000000001	212.34300000000002	210.624	209.917	208.68900000000002	206.464	205.57599999999999	204.13800000000001	201.79399999999998	198.04900000000001	192.37700000000001	184.47900000000001	174.477	170.98000000000005	166.22399999999999	160.05800000000005	154.68600000000001	150.029	144.40600000000001	138.21299999999999	132.17899999999997	127.39100000000002	125.154	124.25700000000002	124.17799999999998	124.727	126.04600000000002	128.15300000000002	129.76900000000001	130.46700000000001	131.35500000000005	131.804	132.17299999999997	132.27099999999999	131.953	131.91	131.64099999999999	130.846	129.97300000000001	128.477	127.661	127.042	126.88	(A)	0.15692400000000006	161.04399999999998	(B)	0.16699300000000006	165.19399999999999	0.27982000000000012	219.042	0.28175100000000003	166.22399999999999	0.28105800000000009	210.624	Vertical displacement (mm)

Load (kN)


 M3-D-K1-1	5.4126900000000021E-3	2.4641400000000008E-2	5.4695600000000011E-2	9.9776800000000054E-2	0.11668199999999998	0.14204000000000006	0.15155000000000005	0.16581399999999999	0.18721000000000007	0.19523299999999999	0.20726800000000006	0.22532099999999997	0.25240000000000001	0.26255500000000004	0.27778700000000001	0.28159500000000004	0.2825470000000001	0.283499	0.28385600000000011	0.28439200000000009	0.28444200000000008	0.28451700000000002	0.28463000000000011	0.28480000000000011	0.28505400000000009	0.2851490000000001	0.28529200000000005	0.28550700000000001	0.28582800000000025	0.28631100000000015	0.28703400000000001	0.28730600000000012	0.287713	0.28832400000000014	0.28924	0.28932500000000011	0.28945400000000016	0.2896470000000001	0.289937	0.29037200000000013	0.29102400000000012	0.29200200000000009	0.29347000000000012	0.29567000000000015	0.29897200000000013	0.30021000000000009	0.30067400000000011	0.30084800000000012	0.30110900000000002	0.30150100000000002	0.30208800000000013	0.30230900000000022	0.3026390000000001	0.3031350000000001	0.30387900000000012	0.30499400000000015	0.30541200000000013	0.30604000000000009	0.30627500000000002	0.30662800000000012	0.30715700000000001	0.30795200000000011	0.309143	0.31092900000000012	0.31360900000000008	0.31763000000000002	0.319137	0.32139800000000013	0.32224600000000009	0.32351800000000014	0.32542600000000027	0.32614200000000015	0.32721500000000014	0.32761800000000013	0.32822100000000015	0.32844800000000013	0.32878700000000011	0.32891500000000012	0.32910600000000012	0.32939200000000013	0.32982200000000023	0.33046700000000012	0.33143400000000012	0.33288400000000024	0.33342800000000022	0.33424400000000015	0.33546800000000027	0.33730400000000027	0.340057	0.34418800000000016	0.34573700000000002	0.34806000000000009	0.34893200000000002	0.34925800000000001	0.34974900000000003	0.34993200000000002	0.35020800000000002	0.35062200000000016	0.351242	0.35217200000000015	0.35356800000000016	0.355661	0.35880200000000012	0.36351200000000011	0.37057700000000021	0.38117500000000021	0.39707300000000012	0.4010470000000001	0.40204100000000004	0.40241300000000002	0.40297200000000011	0.40381000000000011	0.40388900000000011	0.40400700000000001	0.4040510000000001	0.404117	0.404142	0.40418000000000009	0.40423599999999998	0.40431900000000015	0.404445	0.40463400000000005	0.40470500000000004	0.40481100000000014	0.40485100000000002	0.40491100000000002	0.4049330000000001	0.40496700000000002	0.40497900000000014	0.40499800000000002	0.40502700000000008	0.40506900000000001	0.40513300000000002	0.40522900000000001	0.40537200000000012	0.40558800000000012	0.40591100000000002	0.406032	0.4062130000000001	0.40648600000000012	0.40689500000000001	0.40750800000000009	0.40842800000000012	0.40980800000000012	0.41187700000000022	0.41498200000000013	0.415273	0.41538200000000014	0.415545	0.41579100000000002	0.41588300000000011	0.41591800000000012	0.415931	0.41595000000000015	0.41597900000000021	0.41602300000000014	0.4160390000000001	0.41606400000000016	0.41607300000000008	0.41608700000000015	0.41610800000000009	0.41613900000000004	0.41618500000000008	0.4162550000000001	0.41636000000000012	0.41651800000000011	0.41675400000000001	0.41710900000000001	0.41764000000000001	0.41843800000000009	0.41963400000000001	0.42142800000000014	0.42322200000000015	0.42501600000000012	0.42681100000000011	0.42950200000000016	0.43353900000000001	0.4395940000000001	0.4486770000000001	0.46230200000000016	0.46570800000000001	0.46911400000000009	0.47422400000000009	0.48188800000000021	0.48955200000000015	0.49721500000000002	0.50871100000000002	0.51302199999999998	0.51948899999999976	0.52595499999999973	0.52757199999999982	0.52999700000000005	0.53022400000000003	0.53056499999999951	0.53069299999999997	0.53074100000000024	0.53081299999999976	0.53092099999999998	0.53108199999999983	0.53132500000000005	0.53168899999999997	0.53223599999999982	0.53305499999999972	0.53428399999999976	0.53612700000000002	0.53889299999999996	0.54303999999999997	0.54459599999999997	0.54692900000000022	0.55042899999999972	0.55567800000000023	0.56092799999999998	0.56617799999999996	0.56814600000000004	0.57011500000000004	0.57208400000000004	0.57503599999999999	0.57946599999999981	0.5861099999999998	0.59607599999999983	0.60604200000000019	0.60853400000000002	0.60946800000000001	0.610402	0.61133700000000002	0.61168699999999998	0.61181799999999997	0.61201499999999998	0.61231100000000005	0.61242200000000002	0.61258800000000002	0.61265099999999995	0.61267400000000038	0.61270899999999995	0.61276200000000003	0.61278100000000024	0.61281099999999999	0.6128220000000002	0.61283900000000024	0.61284500000000031	0.61285400000000023	0.61285800000000024	0.61286300000000005	0.61286600000000002	1.5258800000000007E-7	38.856099999999998	79.663499999999999	139.79399999999998	161.74799999999999	194.34	206.25	223.09700000000001	248.09100000000001	257.02	270.24400000000014	289.61700000000002	317.75700000000001	327.46899999999988	337.48200000000003	339.35399999999993	339.714	340.07299999999987	340.19200000000001	340.35300000000001	340.36799999999999	340.39099999999991	340.42799999999988	340.49499999999989	340.62099999999987	340.67200000000008	340.75599999999986	340.89299999999986	341.11599999999999	341.4729999999999	342.02299999999991	342.2299999999999	342.54	343.02499999999986	343.71899999999988	343.7829999999999	343.87799999999999	344.017	344.22199999999975	344.5209999999999	344.95800000000003	345.53699999999975	346.25799999999987	347.62099999999987	349.80500000000001	350.61799999999999	350.91399999999987	351.02299999999991	351.18	351.40299999999991	351.7179999999999	351.8309999999999	351.98299999999989	352.19099999999986	352.50799999999987	353.14600000000002	353.4009999999999	353.803	353.9559999999999	354.18799999999999	354.55700000000002	355.13200000000001	355.99199999999985	357.25200000000001	359.06200000000001	361.78	362.88	364.57900000000001	365.18700000000001	366.05399999999986	367.34500000000008	367.85700000000008	368.66	368.98099999999988	369.43599999999975	369.59899999999988	369.82799999999986	369.91199999999975	370.03599999999989	370.21	370.44099999999986	370.76900000000001	371.4129999999999	372.524	372.95400000000001	373.60199999999986	374.541	375.92099999999988	377.97099999999989	381.2	382.41199999999975	384.23399999999975	384.9199999999999	385.178	385.56599999999986	385.71199999999988	385.92999999999989	386.25799999999987	386.74900000000002	387.48399999999975	388.5809999999999	390.21999999999991	392.67599999999999	396.31400000000002	401.62	409.14600000000002	419.79700000000003	422.30099999999999	422.91499999999991	423.14400000000012	423.48599999999988	423.99599999999975	424.04399999999993	424.11500000000001	424.14200000000011	424.18299999999999	424.19799999999987	424.21999999999991	424.25400000000002	424.30500000000001	424.38099999999986	424.49400000000003	424.53699999999975	424.6	424.62400000000002	424.66	424.673	424.69299999999993	424.70099999999991	424.71199999999988	424.72899999999976	424.75400000000002	424.79199999999975	424.84899999999999	424.93499999999989	425.06299999999999	425.255	425.32799999999986	425.43599999999975	425.59599999999989	425.83499999999987	426.19	426.714	427.46499999999986	428.4899999999999	429.10599999999999	429.09399999999988	429.07400000000001	428.97899999999976	428.173	427.625	427.36900000000014	427.26400000000001	427.08300000000003	426.70400000000001	425.678	425.2179999999999	424.3309999999999	423.96899999999988	423.358	422.2709999999999	420.22899999999976	416.35599999999999	409.46	398.524	383.31900000000002	364.74799999999999	344.63	326.14400000000012	311.9199999999999	303.089	300.66899999999993	301.69200000000001	303.80900000000008	305.65699999999993	308.43499999999989	311.964	314.97499999999991	317.858	320.06799999999993	320.15499999999997	319.96499999999986	319.75	319.27999999999986	319.21499999999986	318.964	318.7109999999999	318.42200000000003	319.35899999999987	319.0859999999999	319.05700000000002	318.96699999999976	318.95999999999987	318.94600000000003	318.94	318.93799999999987	318.93400000000003	318.92599999999987	318.91000000000003	318.87299999999999	318.81200000000001	318.76900000000001	318.637	318.44600000000003	318.71899999999988	319.23899999999975	319.31799999999993	319.28399999999988	319.13799999999986	318.82799999999986	318.60899999999987	318.16300000000001	317.4609999999999	317.3	317.09099999999989	316.88400000000001	316.61799999999999	316.3	316.12799999999999	316.52499999999986	317.08300000000003	316.91099999999989	316.9199999999999	317.01299999999986	317.12799999999999	317.17599999999999	317.19499999999999	317.22699999999975	317.2829999999999	317.30599999999993	317.34100000000001	317.35399999999993	317.35899999999987	317.36700000000002	317.38	317.38499999999999	317.392	317.39499999999987	317.39999999999986	317.40199999999987	317.404	317.40499999999986	317.40699999999975	317.4079999999999	0.26255500000000004	327.46899999999988	0.28945400000000016	343.87799999999999	0.41651800000000011	383.31900000000002	Vertical displacement (mm)

Load (kN)


 M3-D-K1-1	5.4126900000000021E-3	2.4641400000000008E-2	5.4695600000000011E-2	9.9776800000000054E-2	0.11668199999999998	0.14204000000000006	0.15155000000000005	0.16581399999999999	0.18721000000000007	0.19523299999999999	0.20726800000000006	0.22532099999999997	0.25240000000000001	0.26255500000000004	0.27778700000000001	0.28159500000000004	0.2825470000000001	0.283499	0.28385600000000011	0.28439200000000009	0.28444200000000008	0.28451700000000002	0.28463000000000011	0.28480000000000011	0.28505400000000009	0.2851490000000001	0.28529200000000005	0.28550700000000001	0.28582800000000025	0.28631100000000015	0.28703400000000001	0.28730600000000012	0.287713	0.28832400000000014	0.28924	0.28932500000000011	0.28945400000000016	0.2896470000000001	0.289937	0.29037200000000013	0.29102400000000012	0.29200200000000009	0.29347000000000012	0.29567000000000015	0.29897200000000013	0.30021000000000009	0.30067400000000011	0.30084800000000012	0.30110900000000002	0.30150100000000002	0.30208800000000013	0.30230900000000022	0.3026390000000001	0.3031350000000001	0.30387900000000012	0.30499400000000015	0.30541200000000013	0.30604000000000009	0.30627500000000002	0.30662800000000012	0.30715700000000001	0.30795200000000011	0.309143	0.31092900000000012	0.31360900000000008	0.31763000000000002	0.319137	0.32139800000000013	0.32224600000000009	0.32351800000000014	0.32542600000000027	0.32614200000000015	0.32721500000000014	0.32761800000000013	0.32822100000000015	0.32844800000000013	0.32878700000000011	0.32891500000000012	0.32910600000000012	0.32939200000000013	0.32982200000000023	0.33046700000000012	0.33143400000000012	0.33288400000000024	0.33342800000000022	0.33424400000000015	0.33546800000000027	0.33730400000000027	0.340057	0.34418800000000016	0.34573700000000002	0.34806000000000009	0.34893200000000002	0.34925800000000001	0.34974900000000003	0.34993200000000002	0.35020800000000002	0.35062200000000016	0.351242	0.35217200000000015	0.35356800000000016	0.355661	0.35880200000000012	0.36351200000000011	0.37057700000000021	0.38117500000000021	0.39707300000000012	0.4010470000000001	0.40204100000000004	0.40241300000000002	0.40297200000000011	0.40381000000000011	0.40388900000000011	0.40400700000000001	0.4040510000000001	0.404117	0.404142	0.40418000000000009	0.40423599999999998	0.40431900000000015	0.404445	0.40463400000000005	0.40470500000000004	0.40481100000000014	0.40485100000000002	0.40491100000000002	0.4049330000000001	0.40496700000000002	0.40497900000000014	0.40499800000000002	0.40502700000000008	0.40506900000000001	0.40513300000000002	0.40522900000000001	0.40537200000000012	0.40558800000000012	0.40591100000000002	0.406032	0.4062130000000001	0.40648600000000012	0.40689500000000001	0.40750800000000009	0.40842800000000012	0.40980800000000012	0.41187700000000022	0.41498200000000013	0.415273	0.41538200000000014	0.415545	0.41579100000000002	0.41588300000000011	0.41591800000000012	0.415931	0.41595000000000015	0.41597900000000021	0.41602300000000014	0.4160390000000001	0.41606400000000016	0.41607300000000008	0.41608700000000015	0.41610800000000009	0.41613900000000004	0.41618500000000008	0.4162550000000001	0.41636000000000012	0.41651800000000011	0.41675400000000001	0.41710900000000001	0.41764000000000001	0.41843800000000009	0.41963400000000001	0.42142800000000014	0.42322200000000015	0.42501600000000012	0.42681100000000011	0.42950200000000016	0.43353900000000001	0.4395940000000001	0.4486770000000001	0.46230200000000016	0.46570800000000001	0.46911400000000009	0.47422400000000009	0.48188800000000021	0.48955200000000015	0.49721500000000002	0.50871100000000002	0.51302199999999998	0.51948899999999976	0.52595499999999973	0.52757199999999982	0.52999700000000005	0.53022400000000003	0.53056499999999951	0.53069299999999997	0.53074100000000024	0.53081299999999976	0.53092099999999998	0.53108199999999983	0.53132500000000005	0.53168899999999997	0.53223599999999982	0.53305499999999972	0.53428399999999976	0.53612700000000002	0.53889299999999996	0.54303999999999997	0.54459599999999997	0.54692900000000022	0.55042899999999972	0.55567800000000023	0.56092799999999998	0.56617799999999996	0.56814600000000004	0.57011500000000004	0.57208400000000004	0.57503599999999999	0.57946599999999981	0.5861099999999998	0.59607599999999983	0.60604200000000019	0.60853400000000002	0.60946800000000001	0.610402	0.61133700000000002	0.61168699999999998	0.61181799999999997	0.61201499999999998	0.61231100000000005	0.61242200000000002	0.61258800000000002	0.61265099999999995	0.61267400000000038	0.61270899999999995	0.61276200000000003	0.61278100000000024	0.61281099999999999	0.6128220000000002	0.61283900000000024	0.61284500000000031	0.61285400000000023	0.61285800000000024	0.61286300000000005	0.61286600000000002	1.5258800000000007E-7	38.856099999999998	79.663499999999999	139.79399999999998	161.74799999999999	194.34	206.25	223.09700000000001	248.09100000000001	257.02	270.24400000000014	289.61700000000002	317.75700000000001	327.46899999999988	337.48200000000003	339.35399999999993	339.714	340.07299999999987	340.19200000000001	340.35300000000001	340.36799999999999	340.39099999999991	340.42799999999988	340.49499999999989	340.62099999999987	340.67200000000008	340.75599999999986	340.89299999999986	341.11599999999999	341.4729999999999	342.02299999999991	342.2299999999999	342.54	343.02499999999986	343.71899999999988	343.7829999999999	343.87799999999999	344.017	344.22199999999975	344.5209999999999	344.95800000000003	345.53699999999975	346.25799999999987	347.62099999999987	349.80500000000001	350.61799999999999	350.91399999999987	351.02299999999991	351.18	351.40299999999991	351.7179999999999	351.8309999999999	351.98299999999989	352.19099999999986	352.50799999999987	353.14600000000002	353.4009999999999	353.803	353.9559999999999	354.18799999999999	354.55700000000002	355.13200000000001	355.99199999999985	357.25200000000001	359.06200000000001	361.78	362.88	364.57900000000001	365.18700000000001	366.05399999999986	367.34500000000008	367.85700000000008	368.66	368.98099999999988	369.43599999999975	369.59899999999988	369.82799999999986	369.91199999999975	370.03599999999989	370.21	370.44099999999986	370.76900000000001	371.4129999999999	372.524	372.95400000000001	373.60199999999986	374.541	375.92099999999988	377.97099999999989	381.2	382.41199999999975	384.23399999999975	384.9199999999999	385.178	385.56599999999986	385.71199999999988	385.92999999999989	386.25799999999987	386.74900000000002	387.48399999999975	388.5809999999999	390.21999999999991	392.67599999999999	396.31400000000002	401.62	409.14600000000002	419.79700000000003	422.30099999999999	422.91499999999991	423.14400000000012	423.48599999999988	423.99599999999975	424.04399999999993	424.11500000000001	424.14200000000011	424.18299999999999	424.19799999999987	424.21999999999991	424.25400000000002	424.30500000000001	424.38099999999986	424.49400000000003	424.53699999999975	424.6	424.62400000000002	424.66	424.673	424.69299999999993	424.70099999999991	424.71199999999988	424.72899999999976	424.75400000000002	424.79199999999975	424.84899999999999	424.93499999999989	425.06299999999999	425.255	425.32799999999986	425.43599999999975	425.59599999999989	425.83499999999987	426.19	426.714	427.46499999999986	428.4899999999999	429.10599999999999	429.09399999999988	429.07400000000001	428.97899999999976	428.173	427.625	427.36900000000014	427.26400000000001	427.08300000000003	426.70400000000001	425.678	425.2179999999999	424.3309999999999	423.96899999999988	423.358	422.2709999999999	420.22899999999976	416.35599999999999	409.46	398.524	383.31900000000002	364.74799999999999	344.63	326.14400000000012	311.9199999999999	303.089	300.66899999999993	301.69200000000001	303.80900000000008	305.65699999999993	308.43499999999989	311.964	314.97499999999991	317.858	320.06799999999993	320.15499999999997	319.96499999999986	319.75	319.27999999999986	319.21499999999986	318.964	318.7109999999999	318.42200000000003	319.35899999999987	319.0859999999999	319.05700000000002	318.96699999999976	318.95999999999987	318.94600000000003	318.94	318.93799999999987	318.93400000000003	318.92599999999987	318.91000000000003	318.87299999999999	318.81200000000001	318.76900000000001	318.637	318.44600000000003	318.71899999999988	319.23899999999975	319.31799999999993	319.28399999999988	319.13799999999986	318.82799999999986	318.60899999999987	318.16300000000001	317.4609999999999	317.3	317.09099999999989	316.88400000000001	316.61799999999999	316.3	316.12799999999999	316.52499999999986	317.08300000000003	316.91099999999989	316.9199999999999	317.01299999999986	317.12799999999999	317.17599999999999	317.19499999999999	317.22699999999975	317.2829999999999	317.30599999999993	317.34100000000001	317.35399999999993	317.35899999999987	317.36700000000002	317.38	317.38499999999999	317.392	317.39499999999987	317.39999999999986	317.40199999999987	317.404	317.40499999999986	317.40699999999975	317.4079999999999	0.26255500000000004	327.46899999999988	0.28945400000000016	343.87799999999999	0.41651800000000011	383.31900000000002	Vertical displacement (mm)

Load (kN)


3.6344100000000007E-3	6.4019300000000019E-3	1.6438299999999999E-2	3.1492800000000001E-2	5.4074600000000021E-2	8.7947200000000031E-2	0.13875599999999999	0.15781000000000006	0.16495499999999999	0.17567199999999997	0.19174800000000006	0.21586300000000005	0.22490599999999999	0.23847000000000004	0.24355700000000005	0.2511870000000001	0.254048	0.25834000000000001	0.26477800000000001	0.26719200000000004	0.27081300000000008	0.27624500000000002	0.28439300000000001	0.29254000000000002	0.29457700000000014	0.29763300000000004	0.29877900000000002	0.29920800000000009	0.29936900000000011	0.29961100000000002	0.29970200000000002	0.29983800000000016	0.29988900000000013	0.29996500000000015	0.29999400000000009	0.300037	0.30010100000000001	0.30012600000000011	0.3001620000000001	0.30021600000000009	0.30029800000000001	0.30042000000000013	0.30060400000000009	0.3008800000000002	0.30129300000000003	0.30191300000000021	0.30284400000000011	0.30423900000000004	0.30633200000000016	0.30947100000000011	0.31064800000000009	0.31109000000000014	0.311255	0.31150400000000011	0.31175200000000008	0.31200000000000011	0.31237300000000012	0.31293200000000015	0.31377000000000016	0.31502700000000011	0.31691300000000011	0.31762000000000012	0.31868000000000013	0.32027200000000011	0.32265800000000011	0.32355300000000015	0.32388900000000026	0.32439200000000012	0.32514700000000002	0.32628000000000013	0.32797900000000013	0.33052800000000027	0.33435100000000012	0.33578400000000025	0.33793500000000021	0.33874100000000001	0.33995100000000011	0.3417650000000001	0.34448700000000021	0.34856900000000002	0.35469300000000004	0.35698900000000011	0.35785000000000011	0.357931	0.35805200000000009	0.35809800000000008	0.3581660000000001	0.35819100000000004	0.3582300000000001	0.35828700000000002	0.35837300000000011	0.35850300000000002	0.3586970000000001	0.35898800000000014	0.35942400000000013	0.35958800000000013	0.35983300000000001	0.35992500000000022	0.36006300000000002	0.36011500000000002	0.36013500000000004	0.3601640000000001	0.360207	0.36022400000000016	0.36024800000000001	0.36025800000000002	0.36027300000000001	0.36029600000000001	0.36031900000000011	0.36032900000000012	0.36034400000000011	0.36036600000000013	0.36040000000000011	0.36045100000000002	0.36052700000000021	0.3606410000000001	0.36081300000000022	0.36107000000000011	0.36145600000000011	0.362035	0.36290300000000014	0.364205	0.36615800000000009	0.36908800000000025	0.37348300000000012	0.38007500000000011	0.3899640000000002	0.40479600000000004	0.42704500000000001	0.46041900000000002	0.51047900000000002	0.58556899999999967	0.58674199999999999	0.58681599999999978	0.58688899999999977	0.58696199999999976	0.58707199999999982	0.58723699999999968	0.5874849999999997	0.58785599999999982	0.58841299999999941	0.58924799999999977	0.58956099999999967	0.59003099999999975	0.59050099999999972	1.9073500000000019E-8	2.9862699999999993	5.9832300000000016	10.271800000000001	16.569199999999988	26.0105	40.095600000000012	44.917299999999997	46.5565	48.836300000000001	52.068300000000015	56.887799999999999	58.655200000000001	61.2042	62.120800000000003	63.460800000000006	63.950099999999999	64.668300000000002	65.713499999999996	66.079399999999978	66.594099999999997	67.353700000000003	68.371200000000002	69.409400000000005	69.663699999999992	70.038699999999992	70.188699999999983	70.246399999999994	70.268199999999993	70.300899999999999	70.313100000000006	70.331999999999994	70.339200000000005	70.350399999999979	70.354799999999983	70.361500000000007	70.372899999999973	70.377299999999991	70.384100000000004	70.394000000000005	70.408600000000007	70.428299999999993	70.452500000000001	70.483800000000002	70.52849999999998	70.596500000000006	70.703400000000002	70.881600000000006	71.1571	71.570599999999999	71.724300000000014	71.787000000000006	71.823599999999999	71.920599999999993	71.941200000000038	71.958200000000005	71.9923	72.050799999999981	72.146799999999999	72.301000000000002	72.546700000000001	72.64	72.762900000000002	72.951899999999995	73.239800000000002	73.347399999999993	73.389200000000002	73.447000000000031	73.52979999999998	73.660799999999981	73.864099999999993	74.169200000000004	74.62579999999997	74.793899999999994	75.043099999999995	75.135899999999978	75.2714	75.47229999999999	75.785600000000002	76.22829999999999	76.843900000000005	77.080600000000004	77.173099999999977	77.183399999999978	77.201200000000028	77.208200000000005	77.219800000000006	77.225200000000001	77.239099999999993	77.290800000000004	77.450400000000002	77.529200000000003	77.494200000000035	77.433899999999994	77.396900000000002	77.387799999999999	77.377099999999999	77.372499999999988	77.357500000000002	77.349300000000014	77.345699999999994	77.3386	77.315799999999982	77.304500000000004	77.244200000000035	77.206400000000002	77.075199999999981	76.551000000000002	75.474700000000013	74.881699999999995	73.778799999999976	71.874799999999979	69.002299999999991	65.317700000000002	61.266900000000014	57.261400000000002	53.625500000000017	50.7102	48.905000000000001	48.239800000000002	48.3675	48.8367	49.400100000000002	49.9664	50.539700000000003	51.097700000000003	51.623600000000003	52.0762	52.347499999999997	52.557400000000001	52.721900000000012	53.062200000000011	53.067500000000003	53.068000000000012	53.068400000000011	53.068700000000014	53.069200000000002	53.069800000000001	53.070800000000006	53.072400000000002	53.0747	53.078200000000002	53.079500000000003	53.081400000000002	53.083200000000005	0.2511870000000001	63.460800000000006	0.35785000000000011	77.173099999999977	0.28439300000000001	68.371200000000002	0.36045100000000002	65.317700000000002	Vertical displacement

Load (kN)


3.6344100000000007E-3	6.4019300000000019E-3	1.6438299999999999E-2	3.1492800000000001E-2	5.4074600000000021E-2	8.7947200000000031E-2	0.13875599999999999	0.15781000000000006	0.16495499999999999	0.17567199999999997	0.19174800000000006	0.21586300000000005	0.22490599999999999	0.23847000000000004	0.24355700000000005	0.2511870000000001	0.254048	0.25834000000000001	0.26477800000000001	0.26719200000000004	0.27081300000000008	0.27624500000000002	0.28439300000000001	0.29254000000000002	0.29457700000000014	0.29763300000000004	0.29877900000000002	0.29920800000000009	0.29936900000000011	0.29961100000000002	0.29970200000000002	0.29983800000000016	0.29988900000000013	0.29996500000000015	0.29999400000000009	0.300037	0.30010100000000001	0.30012600000000011	0.3001620000000001	0.30021600000000009	0.30029800000000001	0.30042000000000013	0.30060400000000009	0.3008800000000002	0.30129300000000003	0.30191300000000021	0.30284400000000011	0.30423900000000004	0.30633200000000016	0.30947100000000011	0.31064800000000009	0.31109000000000014	0.311255	0.31150400000000011	0.31175200000000008	0.31200000000000011	0.31237300000000012	0.31293200000000015	0.31377000000000016	0.31502700000000011	0.31691300000000011	0.31762000000000012	0.31868000000000013	0.32027200000000011	0.32265800000000011	0.32355300000000015	0.32388900000000026	0.32439200000000012	0.32514700000000002	0.32628000000000013	0.32797900000000013	0.33052800000000027	0.33435100000000012	0.33578400000000025	0.33793500000000021	0.33874100000000001	0.33995100000000011	0.3417650000000001	0.34448700000000021	0.34856900000000002	0.35469300000000004	0.35698900000000011	0.35785000000000011	0.357931	0.35805200000000009	0.35809800000000008	0.3581660000000001	0.35819100000000004	0.3582300000000001	0.35828700000000002	0.35837300000000011	0.35850300000000002	0.3586970000000001	0.35898800000000014	0.35942400000000013	0.35958800000000013	0.35983300000000001	0.35992500000000022	0.36006300000000002	0.36011500000000002	0.36013500000000004	0.3601640000000001	0.360207	0.36022400000000016	0.36024800000000001	0.36025800000000002	0.36027300000000001	0.36029600000000001	0.36031900000000011	0.36032900000000012	0.36034400000000011	0.36036600000000013	0.36040000000000011	0.36045100000000002	0.36052700000000021	0.3606410000000001	0.36081300000000022	0.36107000000000011	0.36145600000000011	0.362035	0.36290300000000014	0.364205	0.36615800000000009	0.36908800000000025	0.37348300000000012	0.38007500000000011	0.3899640000000002	0.40479600000000004	0.42704500000000001	0.46041900000000002	0.51047900000000002	0.58556899999999967	0.58674199999999999	0.58681599999999978	0.58688899999999977	0.58696199999999976	0.58707199999999982	0.58723699999999968	0.5874849999999997	0.58785599999999982	0.58841299999999941	0.58924799999999977	0.58956099999999967	0.59003099999999975	0.59050099999999972	1.9073500000000019E-8	2.9862699999999993	5.9832300000000016	10.271800000000001	16.569199999999988	26.0105	40.095600000000012	44.917299999999997	46.5565	48.836300000000001	52.068300000000015	56.887799999999999	58.655200000000001	61.2042	62.120800000000003	63.460800000000006	63.950099999999999	64.668300000000002	65.713499999999996	66.079399999999978	66.594099999999997	67.353700000000003	68.371200000000002	69.409400000000005	69.663699999999992	70.038699999999992	70.188699999999983	70.246399999999994	70.268199999999993	70.300899999999999	70.313100000000006	70.331999999999994	70.339200000000005	70.350399999999979	70.354799999999983	70.361500000000007	70.372899999999973	70.377299999999991	70.384100000000004	70.394000000000005	70.408600000000007	70.428299999999993	70.452500000000001	70.483800000000002	70.52849999999998	70.596500000000006	70.703400000000002	70.881600000000006	71.1571	71.570599999999999	71.724300000000014	71.787000000000006	71.823599999999999	71.920599999999993	71.941200000000038	71.958200000000005	71.9923	72.050799999999981	72.146799999999999	72.301000000000002	72.546700000000001	72.64	72.762900000000002	72.951899999999995	73.239800000000002	73.347399999999993	73.389200000000002	73.447000000000031	73.52979999999998	73.660799999999981	73.864099999999993	74.169200000000004	74.62579999999997	74.793899999999994	75.043099999999995	75.135899999999978	75.2714	75.47229999999999	75.785600000000002	76.22829999999999	76.843900000000005	77.080600000000004	77.173099999999977	77.183399999999978	77.201200000000028	77.208200000000005	77.219800000000006	77.225200000000001	77.239099999999993	77.290800000000004	77.450400000000002	77.529200000000003	77.494200000000035	77.433899999999994	77.396900000000002	77.387799999999999	77.377099999999999	77.372499999999988	77.357500000000002	77.349300000000014	77.345699999999994	77.3386	77.315799999999982	77.304500000000004	77.244200000000035	77.206400000000002	77.075199999999981	76.551000000000002	75.474700000000013	74.881699999999995	73.778799999999976	71.874799999999979	69.002299999999991	65.317700000000002	61.266900000000014	57.261400000000002	53.625500000000017	50.7102	48.905000000000001	48.239800000000002	48.3675	48.8367	49.400100000000002	49.9664	50.539700000000003	51.097700000000003	51.623600000000003	52.0762	52.347499999999997	52.557400000000001	52.721900000000012	53.062200000000011	53.067500000000003	53.068000000000012	53.068400000000011	53.068700000000014	53.069200000000002	53.069800000000001	53.070800000000006	53.072400000000002	53.0747	53.078200000000002	53.079500000000003	53.081400000000002	53.083200000000005	0.2511870000000001	63.460800000000006	0.35785000000000011	77.173099999999977	0.28439300000000001	68.371200000000002	0.36045100000000002	65.317700000000002	Vertical displacement (mm)

Load (kN)


1 Mpa 	1.8930500000000009E-3	2.8125899999999992E-2	5.8144799999999996E-2	0.10317300000000003	0.120059	0.14538699999999999	0.15488600000000005	0.16913300000000001	0.17002300000000001	0.17091400000000007	0.17180400000000001	0.17313999999999999	0.17364099999999999	0.17439199999999999	0.17514299999999999	0.17589500000000005	0.17702200000000001	0.17871200000000007	0.17934600000000006	0.18029700000000007	0.18172300000000005	0.18386300000000005	0.18707199999999999	0.191886	0.19910700000000001	0.20181499999999999	0.205876	0.20993800000000007	0.21400000000000005	0.22009200000000001	0.22923099999999999	0.24293900000000007	0.25664800000000004	0.260075	0.26521500000000003	0.27292600000000011	0.284493	0.30184200000000011	0.3022490000000001	0.30285900000000021	0.30308700000000011	0.30317300000000008	0.30330200000000013	0.30349500000000001	0.30354300000000001	0.303591	0.30366400000000016	0.3036910000000001	0.303732	0.30379300000000004	0.30388400000000027	0.30402200000000013	0.30422800000000011	0.304537	0.30465300000000001	0.30482700000000013	0.30508800000000025	0.30518500000000015	0.30533200000000016	0.30555200000000016	0.30588200000000026	0.30637700000000012	0.30712000000000012	0.30823400000000001	0.30990500000000021	0.31241200000000013	0.31617300000000015	0.32181300000000013	0.33027300000000015	0.34296400000000016	0.36200000000000015	0.39055400000000012	0.41910800000000009	0.447662	0.49049300000000001	0.55474000000000023	0.65111000000000019	0.79566499999999996	1.0125	1.33775	1.8256199999999998	2.5574300000000001	3	1.5889100000000003E-2	34.179600000000001	68.866399999999999	118.39100000000002	135.31	159.27799999999999	167.90200000000004	177.67599999999999	177.96	178.184	178.44	178.3	178.23	177.762	177.40900000000002	177.19900000000001	177.37200000000001	178.03800000000001	178.31800000000001	178.83700000000005	179.69800000000001	181.01399999999998	183.06700000000001	186.3	191.125	192.875	195.20699999999999	197.83700000000005	200.53300000000002	204.477	210.24399999999994	218.501	226.34100000000001	228.25	231.03200000000001	235.03700000000001	240.69300000000001	247.09399999999999	247.14499999999998	246.804	246.50800000000001	246.35500000000005	245.91800000000001	243.791	243.13200000000001	242.28700000000001	240.35800000000006	239.523	237.976	235.02	229.64499999999998	221.011	209.01499999999999	194.227	189.13399999999999	182.42700000000005	174.267	171.45800000000006	167.73099999999999	163.018	157.44399999999999	151.446	145.78800000000001	141.40200000000004	139.27299999999997	139.53300000000002	141.28700000000001	143.583	145.41399999999999	146.316	146.89200000000005	146.88800000000006	145.98400000000001	145.667	145.68	145.54300000000001	144.797	143.637	142.40200000000004	141.50700000000001	140.72399999999999	140.45600000000005	140.42500000000001	2 Mpa 	3.9723800000000002E-3	2.6067300000000009E-2	5.61071E-2	0.10116700000000002	0.16875599999999999	0.194102	0.20360700000000001	0.20717099999999997	0.21251800000000007	0.22053700000000001	0.22254199999999999	0.22454700000000005	0.22755400000000001	0.23206499999999999	0.23883199999999999	0.24898200000000006	0.25278800000000001	0.25659400000000004	0.26040000000000002	0.26611000000000001	0.27467400000000008	0.28323800000000005	0.29180200000000012	0.304647	0.30946500000000021	0.31669000000000008	0.31940000000000013	0.3204160000000002	0.32067000000000012	0.32092400000000026	0.32094800000000012	0.32098400000000027	0.32099700000000014	0.32101700000000011	0.32104800000000011	0.32109300000000002	0.32116100000000014	0.32118600000000025	0.32122400000000012	0.32128100000000015	0.32136700000000012	0.32149600000000012	0.32168900000000011	0.32197900000000013	0.32241300000000012	0.32306500000000021	0.32330900000000012	0.32367600000000013	0.32422600000000013	0.32505100000000015	0.32628800000000013	0.32814400000000016	0.33092900000000025	0.33510500000000021	0.34136900000000014	0.3507650000000001	0.36486000000000013	0.37014600000000009	0.37807400000000013	0.3899660000000002	0.40780500000000008	0.41449400000000008	0.42452800000000013	0.42546900000000021	0.4268800000000002	0.42899700000000002	0.43217200000000011	0.43693400000000016	0.444077	0.454793	0.47086500000000014	0.49497500000000011	0.531138	0.58538399999999968	0.60572600000000021	0.63623900000000022	0.68200899999999998	0.72777899999999995	0.77354900000000026	0.81931900000000002	0.86508900000000022	0.93374299999999999	0.95090699999999972	0.96807100000000024	0.99381599999999981	1.03243	1.0396799999999995	1.0469199999999999	1.0473699999999995	1.0480499999999999	1.0490699999999995	1.0505899999999999	1.05288	1.0563199999999999	1.06148	1.06921	1.07694	1.08467	1.0962700000000001	1.1006199999999999	1.1071500000000001	1.1077599999999999	1.10867	1.1100500000000004	1.1121099999999999	1.11521	1.1198599999999999	1.1268199999999999	1.13727	1.1529499999999999	1.1764600000000001	1.2117299999999995	1.26464	1.3440000000000001	1.4630399999999995	1.6415899999999999	1.90943	2.3111799999999989	2.9138099999999989	3	-1.5258800000000014E-8	34.588300000000011	71.232000000000014	123.82899999999998	196.33200000000005	219.739	227.38900000000001	229.19499999999999	232.34300000000002	235.86	236.708	237.77699999999999	239.261	241.79	245.46	251.28800000000001	253.28399999999999	255.67499999999998	258.26299999999986	262.15499999999997	268.04300000000001	273.78099999999989	279.21699999999976	286.774	289.42200000000003	292.87200000000001	293.54899999999986	292.358	291.57	289.17399999999986	288.93400000000003	288.52999999999986	288.37200000000001	288.11599999999999	287.673	286.78699999999975	284.80099999999999	283.95800000000003	282.452	279.65100000000001	274.62900000000002	266.51599999999991	255.13	241.048	225.90600000000001	211.376	206.85400000000001	201.64399999999998	196.238	191.565	188.637	188.12900000000002	189.55600000000001	191.97499999999999	194.56200000000001	195.761	195.77299999999997	195.548	195.61299999999997	196.57499999999999	196.32100000000005	196.029	195.48400000000001	195.43300000000002	195.35900000000001	195.25800000000001	195.13200000000001	195	194.85800000000006	194.77199999999999	194.56200000000001	194.25399999999999	194.32800000000006	193.566	193.32000000000005	193.01399999999998	193.63200000000001	194.16	193.24199999999999	192.65200000000004	193.45100000000005	192.24799999999999	192.02700000000004	191.929	191.84900000000002	196.661	195.91499999999999	195.399	195.34800000000001	195.221	195.006	194.756	194.59100000000001	194.56399999999999	194.66399999999999	195.137	195.68800000000005	196.35700000000006	197.24499999999998	197.47200000000001	196.71699999999998	196.48400000000001	195.89400000000001	195.09399999999999	194.52	194.27599999999998	194.51399999999998	195.04	196.56900000000002	199.88600000000005	201.74799999999999	197.875	195.09700000000001	193.50399999999999	193.25800000000001	192.10499999999999	190.48000000000005	189.35800000000006	188.65800000000004	188.55500000000001	3 Mpa 	6.0417100000000022E-3	2.40187E-2	5.4079099999999998E-2	9.916980000000003E-2	0.116079	0.14144200000000007	0.17948700000000006	0.19375400000000001	0.21515500000000001	0.24725500000000006	0.25026500000000002	0.25477900000000003	0.26155	0.27170700000000003	0.27551600000000009	0.27932500000000021	0.283134	0.28884700000000002	0.29741700000000021	0.31027100000000002	0.32955400000000012	0.34883600000000009	0.35365600000000008	0.35546400000000011	0.35817500000000002	0.35919200000000001	0.36071800000000009	0.36129	0.36150400000000016	0.36171900000000001	0.36177200000000009	0.36185300000000015	0.361933	0.36201300000000008	0.36213400000000001	0.36231500000000011	0.3624960000000001	0.36267700000000008	0.36274500000000004	0.36277000000000009	0.36280800000000013	0.36286600000000013	0.36295200000000011	0.36308000000000012	0.36327400000000015	0.36356400000000011	0.36399800000000015	0.364651	0.36562900000000015	0.36709700000000001	0.36929800000000002	0.37260000000000015	0.37755300000000008	0.38498200000000027	0.3961260000000002	0.41284300000000002	0.43791700000000011	0.47552900000000015	0.48963300000000004	0.51078999999999997	0.54252400000000001	0.59012699999999962	0.60797699999999999	0.63475400000000026	0.64479500000000045	0.65985600000000022	0.66550399999999998	0.6676230000000003	0.67080000000000028	0.67556499999999997	0.68271400000000004	0.69343599999999983	0.70952000000000004	0.73364600000000024	0.76983500000000038	0.82411800000000002	0.84447399999999972	0.87500800000000023	0.92080899999999999	0.9895109999999997	1.09256	1.13121	1.13212	1.1322000000000001	1.1323300000000001	1.13252	1.1328	1.13323	1.13388	1.13412	1.1344799999999999	1.13462	1.1348199999999999	1.1349	1.1350199999999999	1.13506	1.1351199999999999	1.1351500000000001	1.1351800000000001	1.13524	1.1352599999999999	1.1352899999999999	1.1353	1.1353199999999999	1.13534	1.1353500000000001	1.1353599999999999	1.1353599999999999	1.13537	1.1353800000000001	1.1354	1.1354299999999995	1.13547	1.1355299999999995	1.1356299999999995	1.1357699999999995	1.13598	1.13629	1.13676	1.13747	1.13853	1.14012	1.1425099999999999	1.1460900000000001	1.1514599999999999	1.1595199999999999	1.17161	1.18974	1.2169399999999995	1.2577399999999996	1.3189299999999995	1.34188	1.3763099999999999	1.4279399999999995	1.5053899999999998	1.62157	1.7958299999999996	2.0572300000000001	2.4493299999999998	3	4.748740000000002E-2	34.924000000000007	71.839799999999983	126.366	146.447	175.947	217.45000000000005	231.67599999999999	252.09100000000001	278.60399999999993	280.346	282.36799999999999	286.82799999999986	292.87200000000001	295.07799999999986	297.16500000000002	299.5859999999999	303.04399999999993	308.19499999999999	315.79099999999988	327.39400000000001	338.61	341.47599999999989	342.50099999999986	343.89099999999991	344.32499999999999	344.45	343.69900000000001	342.87900000000002	337.04599999999999	335.21699999999976	331.529	327.04700000000008	322.05900000000008	314.24299999999999	303.13	292.887	283.62599999999986	280.303	279.07900000000001	277.29399999999976	274.72799999999989	271.11	266.113	259.4609999999999	251.32300000000001	242.489	234.571	228.48000000000005	224.82000000000005	223.52700000000004	224.56100000000001	226.67699999999999	228.79	230.56700000000001	234.38700000000006	237.16	235.536	234.761	234.61399999999998	237.06200000000001	236.61599999999999	236.57599999999999	236.01300000000001	235.976	235.95400000000001	236.03399999999999	236.17699999999999	236.71699999999998	236.667	236.70399999999998	236.98100000000005	237.00200000000001	236.92800000000005	236.82900000000001	236.74899999999997	236.696	236.554	237.27499999999998	236.666	236.262	236.16499999999999	236.20099999999999	236.20399999999998	236.21099999999998	236.22200000000001	236.24299999999999	236.28100000000001	236.33800000000005	236.35800000000006	236.36800000000005	236.369	236.36500000000001	236.363	236.35900000000001	236.35700000000006	236.35500000000005	236.35500000000005	236.35400000000001	236.35300000000001	236.35300000000001	236.35300000000001	236.35300000000001	236.35300000000001	236.35400000000001	236.35400000000001	236.35400000000001	236.35400000000001	236.35500000000005	236.35500000000005	236.35700000000006	236.363	236.37900000000002	236.40100000000001	236.393	236.30600000000001	236.13900000000001	235.965	235.88600000000005	235.99100000000001	236.32600000000005	236.84900000000002	237.654	238.965	240.84399999999999	241.88800000000006	240.81900000000002	239.31399999999999	237.916	237.05600000000001	236.45700000000005	236.18800000000005	238.12800000000001	236.66200000000001	236.49300000000002	236.69	236.577	236.48700000000005	234.76599999999999	233.595	4 Mpa 	8.2657300000000041E-3	2.1816900000000007E-2	5.1899599999999997E-2	9.7023600000000002E-2	0.16471000000000005	0.19009200000000001	0.22816500000000001	0.24244300000000008	0.26385900000000001	0.27189000000000002	0.28393700000000011	0.30200700000000008	0.30878300000000014	0.31894700000000015	0.33419400000000016	0.35706400000000016	0.37993300000000002	0.38565100000000002	0.39422700000000022	0.39744300000000021	0.39864900000000014	0.39910100000000015	0.39978000000000014	0.400034	0.40041600000000016	0.400559	0.40077400000000002	0.40085400000000015	0.40097500000000008	0.40102000000000015	0.40103700000000003	0.40106200000000009	0.4011010000000001	0.40115800000000001	0.40124400000000005	0.40133000000000002	0.40141600000000011	0.4015450000000001	0.40173799999999998	0.40202800000000011	0.40246300000000002	0.40311600000000009	0.40409500000000004	0.40556400000000009	0.4077670000000001	0.40997000000000011	0.41217300000000001	0.41547700000000021	0.42043400000000009	0.42786900000000011	0.43902100000000022	0.45575000000000004	0.48084300000000002	0.51848199999999978	0.53259699999999977	0.54671199999999998	0.56082699999999996	0.56611999999999996	0.57405899999999999	0.58596799999999971	0.59043399999999968	0.59713299999999969	0.607182	0.61723099999999997	0.62727900000000025	0.64235200000000003	0.66496100000000025	0.69887500000000025	0.74974500000000033	0.82605099999999998	0.94050999999999996	0.95124100000000023	0.96733599999999997	0.99147999999999981	1.0276999999999996	1.08202	1.1635	1.1940600000000001	1.1947800000000004	1.1958500000000001	1.19746	1.1998800000000001	1.20011	1.20045	1.2009599999999998	1.2017199999999995	1.2028699999999997	1.2045899999999998	1.2071699999999996	1.2110399999999995	1.2124899999999998	1.2130399999999995	1.2138499999999997	1.2141599999999999	1.2146199999999998	1.2147899999999998	1.21505	1.21515	1.2152899999999998	1.2155099999999996	1.2155899999999995	1.2156199999999995	1.2156699999999996	1.2157399999999996	1.2158099999999996	1.2158799999999996	1.2159799999999996	1.21614	1.21637	1.2167199999999998	1.2172399999999997	1.2180299999999995	1.2192099999999995	1.2209699999999997	1.2236299999999996	1.2275999999999996	1.2335699999999996	1.2425199999999998	1.2559499999999995	1.2693699999999997	1.2827999999999995	1.30294	1.3331500000000001	1.37846	1.4464299999999997	1.5483800000000001	1.6503399999999999	1.7522899999999999	1.7618499999999995	1.7714099999999995	1.7809699999999995	1.7952999999999995	1.81681	1.84907	1.8974599999999999	1.9700400000000005	2.042619999999999	2.1151999999999997	2.187790000000001	2.2966599999999993	2.4599699999999993	2.7049300000000009	3	6.2524200000000002E-2	35.127300000000012	72.214900000000029	127.01100000000002	207.62700000000001	236.761	275.0329999999999	288.70099999999991	308.35199999999986	314.92999999999989	324.322	337.2759999999999	341.92699999999985	349.01499999999999	359.06799999999993	373.71999999999991	387.48899999999975	390.7	395.13099999999986	396.48399999999975	396.86700000000002	396.97499999999991	396.97499999999991	396.93699999999984	396.68900000000002	396.55	396.00599999999986	395.72799999999989	394.85399999999993	394.43099999999976	394.25799999999987	393.95	393.29700000000003	391.61	387.13299999999987	381.125	374.25900000000001	363.39099999999991	348.01799999999986	329.07900000000001	307.97199999999975	287.53500000000003	271.60899999999987	261.27	259.06099999999986	260.334	262.47199999999975	265.40899999999988	268.44400000000002	269.55900000000008	269.76499999999999	269.81599999999986	273.2949999999999	272.45499999999993	271.42099999999988	270.99499999999989	270.82400000000001	270.94	271.315	274.03399999999988	274.46199999999988	275.08799999999991	276.32400000000001	276.959	276.74400000000014	276.36	275.81	274.86799999999999	274.88499999999999	277.608	276.42399999999975	276.37200000000001	276.56099999999986	278.64800000000002	278.87299999999999	278.60399999999993	278.66800000000001	278.47599999999989	278.46899999999988	278.45299999999986	278.43699999999984	278.447	278.44799999999987	278.452	278.4559999999999	278.4679999999999	278.49799999999988	278.54500000000002	278.58699999999988	278.61599999999999	278.62099999999987	278.62	278.61099999999999	278.60700000000008	278.60000000000002	278.5979999999999	278.59500000000003	278.59500000000003	278.5929999999999	278.5929999999999	278.59399999999988	278.59399999999988	278.59500000000003	278.59899999999988	278.60300000000001	278.60700000000008	278.61399999999986	278.62599999999986	278.6400000000001	278.637	278.60399999999993	278.56400000000002	278.59899999999988	278.76499999999999	278.97000000000003	279.00599999999986	278.93799999999987	278.72699999999975	279.07799999999986	279.32100000000003	279.06200000000001	279.17899999999986	278.9849999999999	278.82100000000003	278.80700000000002	279.45099999999991	278.98099999999988	278.80900000000008	279.01400000000001	279.0209999999999	279.13400000000001	279.01400000000001	278.94099999999986	279.00400000000002	281.85899999999987	288.322	282.53099999999989	280.9799999999999	279.78899999999987	279.23799999999989	278.589	277.38799999999986	276.51599999999991	5 Mpa 	1.0776899999999999E-2	1.9330800000000006E-2	4.943860000000002E-2	9.460030000000004E-2	0.16234299999999999	0.18774600000000011	0.225851	0.28300900000000001	0.30444300000000002	0.31248100000000012	0.32453800000000016	0.34262300000000001	0.34714400000000001	0.35166500000000001	0.35844700000000002	0.36862000000000011	0.3787930000000001	0.3889660000000002	0.39278100000000021	0.39421100000000014	0.39635700000000013	0.39716200000000013	0.39836900000000025	0.39882100000000026	0.39899100000000015	0.39924600000000016	0.39934100000000011	0.39948400000000023	0.39969900000000008	0.40002100000000002	0.400142	0.40018800000000015	0.40020500000000003	0.40023000000000003	0.40023999999999998	0.400254	0.4002750000000001	0.40030800000000011	0.40035600000000016	0.40042900000000015	0.40053800000000001	0.40070100000000003	0.40094600000000002	0.40131300000000014	0.40186400000000011	0.40269100000000002	0.40393100000000004	0.40579200000000004	0.40858200000000011	0.41276800000000002	0.41904600000000009	0.42846400000000012	0.44259100000000001	0.46378000000000008	0.49556500000000014	0.50748399999999971	0.52536299999999969	0.53206799999999976	0.54212499999999997	0.55720999999999998	0.56098199999999998	0.56192399999999998	0.56227800000000028	0.56280799999999997	0.56360399999999999	0.56479699999999999	0.56480399999999997	0.56481499999999996	0.56483000000000005	0.56485399999999997	0.56488899999999997	0.56494200000000028	0.56502200000000002	0.56514200000000003	0.56532099999999996	0.56559000000000004	0.56599299999999997	0.56659800000000005	0.56750500000000004	0.56886499999999973	0.57090700000000005	0.57396800000000003	0.57856099999999977	0.5854499999999998	0.59578299999999951	0.61128300000000002	0.63453199999999998	0.64325100000000024	0.65632900000000038	0.66940699999999997	0.68248500000000001	0.702102	0.73152700000000004	0.74256200000000006	0.75911300000000004	0.76532000000000022	0.77463100000000029	0.7781220000000002	0.77943099999999998	0.78139499999999973	0.78213199999999983	0.78323599999999982	0.78489299999999973	0.78737900000000005	0.791107	0.79670000000000019	0.80508900000000005	0.81767199999999995	0.83654700000000004	0.86485900000000038	0.90732699999999977	0.92325299999999977	0.94714100000000023	0.95609900000000025	0.96953599999999973	0.97457499999999997	0.98213399999999951	0.9934719999999998	1.01048	1.0359899999999995	1.0742499999999999	1.13165	1.2177399999999996	1.2258199999999995	1.2379199999999995	1.2560800000000001	1.2833299999999996	1.32419	1.38548	1.4774199999999995	1.5118999999999996	1.5636099999999995	1.6411800000000001	1.7575399999999997	1.9320800000000005	2.1938900000000001	2.586609999999999	2.6899600000000001	2.8449800000000001	2.8837299999999999	2.9418699999999993	3	-1.5962099999999999	33.777100000000011	70.324600000000004	124.065	203.38100000000006	232.239	272.59099999999989	328.62599999999986	347.68599999999986	354.50700000000001	364.11900000000014	377.4899999999999	380.70099999999991	383.89699999999988	388.48299999999989	394.745	401.18400000000008	407.33300000000003	409.55599999999993	410.38099999999986	411.49499999999989	411.86599999999999	412.07599999999991	411.91799999999989	411.755	410.87700000000001	410.37799999999999	406.15300000000002	395.452	379.21599999999989	373.40499999999986	371.27499999999986	370.4849999999999	369.31599999999986	368.88	368.23299999999989	367.27199999999988	365.84800000000001	363.70099999999991	360.4079999999999	355.46999999999991	348.59	339.75900000000001	329.39699999999988	318.67500000000001	309.47499999999991	303.78099999999989	302.358	304.4249999999999	308.53099999999989	312.32599999999991	311.64299999999997	311.50099999999986	311.9009999999999	312.65100000000001	311.74	310.9009999999999	310.76799999999986	310.89999999999986	313.83499999999987	313.99099999999987	314.04000000000002	314.06099999999986	314.0979999999999	314.0809999999999	313.82599999999991	313.82400000000001	313.822	313.81900000000002	313.81400000000002	313.80599999999993	313.79299999999989	313.7709999999999	313.73899999999975	313.70099999999991	313.64600000000002	313.529	313.29399999999976	312.94600000000003	312.53899999999987	312.10000000000002	311.63499999999999	311.14600000000002	310.61099999999999	310.05500000000001	309.44499999999999	309.08699999999988	309.24	312.05799999999999	312.02	310.71699999999976	309.846	309.2759999999999	309.161	309.0329999999999	309.12099999999987	309.27799999999991	309.35899999999987	309.40599999999989	309.43299999999988	309.31700000000001	309.22699999999975	309.29199999999975	309.52499999999986	310.02799999999991	312.303	312.34800000000001	312.39499999999987	311.23699999999985	310.392	310.00700000000001	309.84399999999999	309.61	309.67399999999986	309.839	309.93599999999975	310.31799999999993	312.46299999999991	312.67500000000001	311.67899999999986	311.42099999999988	311.23399999999975	311.05	311.15699999999993	311.53899999999987	313.13299999999987	313.0929999999999	312.7109999999999	312.84800000000001	313.19099999999986	313.11	313.16899999999993	314.91599999999988	314.75200000000001	315.22799999999989	315.68700000000001	316.08300000000003	316.17	316.29199999999975	316.32	316.322	316.35300000000001	5.5 Mpa 	1.0583700000000001E-2	1.9522100000000008E-2	4.9628000000000012E-2	9.4786700000000002E-2	0.162525	0.18792700000000007	0.22602900000000001	0.28318300000000002	0.30461600000000011	0.33676500000000015	0.34882100000000021	0.35334200000000016	0.36012400000000011	0.37029600000000001	0.37411000000000011	0.37554100000000001	0.37768700000000022	0.38090500000000022	0.3857330000000001	0.39297500000000013	0.39569000000000021	0.39976400000000012	0.403837	0.40791100000000002	0.41402100000000008	0.41631200000000013	0.41974900000000004	0.42103800000000002	0.42152200000000012	0.42224700000000004	0.42251800000000012	0.42292600000000014	0.42307900000000015	0.42330800000000013	0.42339500000000002	0.42352400000000012	0.42357200000000012	0.4236450000000001	0.42367200000000016	0.42371300000000001	0.4237740000000001	0.42386600000000013	0.42400300000000002	0.4241410000000001	0.42427900000000002	0.4244860000000002	0.42479600000000001	0.425261	0.42595800000000011	0.42700500000000002	0.42857400000000012	0.4309280000000002	0.43446000000000012	0.43975700000000001	0.44770300000000002	0.459621	0.47749900000000001	0.50431599999999976	0.54454100000000005	0.55962500000000026	0.58225199999999977	0.61619200000000018	0.62891900000000023	0.6480100000000002	0.65516900000000022	0.65533699999999973	0.65550500000000023	0.65567299999999995	0.65592399999999995	0.65630200000000005	0.65686800000000023	0.65771800000000025	0.65899200000000024	0.66090300000000024	0.6637700000000003	0.66807000000000039	0.67452100000000026	0.68419700000000028	0.69871099999999997	0.72048100000000004	0.75313699999999972	0.80212099999999997	0.82049000000000005	0.84804299999999999	0.88937299999999975	0.93070299999999972	0.94103599999999998	0.95653500000000002	0.96234699999999973	0.97106499999999996	0.98414199999999996	0.99721899999999974	1.0103	1.0299099999999997	1.0593399999999995	1.10347	1.16967	1.1944999999999999	1.2038099999999996	1.2177699999999996	1.2387199999999998	1.27014	1.3172699999999995	1.3879699999999995	1.4940100000000001	1.5337799999999995	1.5934299999999995	1.6829000000000001	1.8171199999999998	2.0184299999999991	2.320409999999999	2.6223900000000002	2.9243700000000001	3	-0.201101	34.178800000000003	70.685499999999976	124.271	203.72399999999999	232.84	273.51799999999986	330.90199999999987	350.72499999999991	377.97199999999975	387.29299999999989	390.75	395.9129999999999	403.36900000000014	406.06299999999999	407.05099999999999	408.4679999999999	410.279	413.16699999999986	417.63299999999987	419.209	421.79799999999989	423.97199999999975	425.98399999999975	429.27699999999987	430.55900000000008	432.48699999999985	433.18799999999999	433.43199999999985	433.70099999999991	433.77	433.72599999999989	433.673	433.36500000000001	433.19400000000002	432.68900000000002	432.45299999999986	431.863	431.6	430.97199999999975	429.18200000000002	424.8359999999999	416.58499999999987	408.03199999999975	399.93699999999984	388.637	373.91499999999991	357.41399999999987	341.82599999999991	330.16899999999993	324.4199999999999	324.21699999999976	325.63200000000001	326.50200000000001	328.57	330.93599999999975	331.96699999999976	331.33699999999988	330.17700000000002	333.2759999999999	330.94499999999999	329.05900000000008	328.7	328.63200000000001	329.0929999999999	329.10500000000002	329.12299999999999	329.15199999999999	329.22499999999991	329.33199999999988	329.45099999999991	329.58199999999988	329.80799999999999	330.33300000000003	331.517	332.053	331.80700000000002	329.84000000000009	328.601	327.666	326.93799999999987	329.66500000000002	328.72499999999991	328.0259999999999	327.47000000000003	327.209	327.27699999999987	327.52799999999991	327.64699999999999	328.15400000000011	330.89099999999991	330.86099999999999	329.73699999999985	329.02699999999987	328.63400000000001	328.2	327.79199999999975	327.83799999999991	327.95499999999993	328.2109999999999	330.827	330.73299999999989	330.02799999999991	329.86399999999986	329.48799999999989	329.48799999999989	332.41599999999988	331.846	332.17899999999986	332.2829999999999	334.899	335.52299999999991	336.06400000000002	336.05200000000002	6 Mpa 	1.1083500000000005E-2	1.9027400000000007E-2	4.9138200000000021E-2	9.4304400000000052E-2	0.162054	0.22980300000000001	0.29755300000000001	0.32295900000000011	0.36106800000000011	0.37535800000000014	0.39679500000000001	0.42894900000000002	0.43698800000000027	0.43899800000000011	0.44201200000000002	0.44314300000000001	0.44324799999999998	0.443407	0.44364599999999998	0.44400400000000001	0.44454000000000005	0.4453450000000001	0.44615000000000005	0.446351	0.44637000000000016	0.44639800000000002	0.44644	0.44645600000000002	0.44648000000000015	0.44651600000000002	0.44657000000000002	0.44665000000000005	0.44677100000000003	0.44695200000000002	0.44713399999999998	0.44731500000000002	0.44758700000000001	0.44799500000000003	0.44860700000000003	0.44952400000000009	0.450901	0.45296600000000009	0.456063	0.46070900000000004	0.46767800000000009	0.47813100000000003	0.48205100000000001	0.487931	0.496751	0.50998100000000002	0.52982700000000005	0.55959400000000004	0.57075699999999996	0.58750099999999972	0.61261800000000022	0.65029300000000023	0.66442100000000026	0.685612	0.69355999999999973	0.70548	0.72336100000000003	0.73006599999999999	0.74012400000000023	0.74106700000000003	0.74200999999999995	0.74295299999999997	0.744367	0.74648899999999996	0.74967100000000031	0.75086500000000023	0.75131199999999998	0.75198299999999996	0.75299000000000038	0.75450099999999998	0.75676600000000005	0.76016499999999998	0.765262	0.77290900000000029	0.78437800000000002	0.80158199999999979	0.82738900000000004	0.86609899999999995	0.92416299999999962	1.0112599999999998	1.14191	1.3378699999999994	1.38687	1.4358599999999995	1.50935	1.61958	1.7849199999999998	2.0329499999999987	2.4049800000000001	2.9630299999999998	3	-4.4192600000000026E-2	34.475700000000003	70.977800000000002	124.611	204.131	279.37299999999999	347.3959999999999	370.50200000000001	401.47599999999989	412.01	426.59899999999988	446.447	450.50900000000001	451.41599999999988	452.05900000000008	451.185	451.08199999999988	450.80799999999999	447.202	439.08499999999987	428.327	414.68400000000008	403.83	401.04500000000002	400.7829999999999	400.38400000000001	399.73899999999975	399.48899999999975	399.08799999999991	398.4	397.13400000000001	394.79700000000003	390.85700000000008	384.91799999999989	379.34699999999987	374.26400000000001	367.76499999999999	360.4	353.31	347.96699999999976	345.60700000000008	346.2949999999999	349.012	352.48200000000003	357.09500000000003	355.54199999999986	354.84199999999993	354.40299999999991	353.29899999999975	351.53	351.49899999999985	353.15199999999999	352.108	350.96699999999976	350.13299999999987	352.88200000000001	351.25799999999987	350.202	349.98200000000003	349.54399999999993	349.43699999999984	349.67	351.255	351.51599999999991	351.72799999999989	352.06700000000001	352.73399999999975	353.74	354.41499999999991	353.80399999999986	353.45	351.2349999999999	349.05	347.892	347.84800000000001	348.59399999999988	349.35	347.88799999999986	346.28399999999988	345.57900000000001	345.40699999999975	345.4199999999999	345.66	346.04300000000001	346.39499999999987	347.09	346.97799999999989	346.97499999999991	347.00700000000001	347.048	347.11	347.18799999999999	347.13400000000001	347.01400000000001	346.98599999999988	Vertical Displacement (mm)

Load (kN)



AASHTO 	1	2	3	4	5	5.5	6	237.39851926143868	290.31050242877649	343.22248559611415	396.13446876345211	449.04645193078966	475.50244351445878	501.95843509812715	Numerical	1	2	3	4	5	5.5	6	247.14499999999998	293.54899999999986	344.45	396.97499999999991	412.07599999999991	433.77	452.05900000000008	Confining pressure (MPa)

Shear strength capacity (kN)



AASHTO 	1	2	3	4	5	6	7	8	9	280.50945522404709	340.77050296236445	401.03155070068186	461.29259843899933	521.55364617731675	581.81469391563417	642.07574165395158	702.33678939226911	762.59783713058653	Numerical	1	2	3	4	5	6	7	8	9	334.88200000000001	377.50099999999998	429.274	488.98	538.40599999999995	581.452	607.55100000000004	622.197	659.56799999999998	Confining pressure (MPa)

Shear strength capacity (kN)


AASHTO	1	2.5	3	4	5	5.5	6	222.24002909448262	297.73193201308425	322.89589965261808	373.22383493168587	423.55177021075366	448.7157378502875	473.87970548982139	Numerical	1	2.5	3	4	5	5.5	6	219.096	299.05700000000002	324.10000000000002	366.73200000000003	387.298	403.89100000000002	421.45100000000002	Confinig pressure (MPa)

Shear strength capacity (kN)
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Stress-strain diagram for analysis of structures, according to Eurocode 2
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