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EXAMINATION OF THE MECHANICAL PROPERTIES 

OF RESIN BONDED FOUNDRY CORE MIXTURES 

LAURA MÁDI1–LÁSZLÓ VARGA2–TAMÁS MIKÓ3 

The mechanical resistance of foundry cores to molten metal can be well indicated by bending tests. In 

order to understand the deformation properties of the cores, the proper interpretation of load-

deformation curves is required. Stauder [1] characterised the strength of cores with a modulus based 

brittleness index (BM). Synthetic resin cores are brittle in room temperature but capable of permanent 

deformation in higher temperatures. The correspondence between the changes in the mechanical 

properties of the cores and the effects of thermal load on the behaviour of the various cores are presented 

in the article. 
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INTRODUCTION 

The production technology for castings has developed significantly during the past decade. 

The production of cylinder head with more and more complex designs could be rather 

challenging for core makers. The usage of the experience and results gained from sand 

researches is necessary for creating sand recipes. Due to heat effects, the cores might soften 

and the buoyancy of the molten metal increases which might cause the movement of the core. 

Thus, knowing the behaviour of various additives in case of high temperature is important as 

different moulding mixtures behave dissimilarly during casting and solidification [2]. Resin-

bonded core mixtures are brittle when cold but are capable of permanent deformation when 

hot. 

1. FACTORS INFLUENCING THE STRENGTH OF CORES

Many factors influence the mechanical properties of sand cores which can be seen in Figure 1. 

There are two main expectations concerning the mechanical properties of cores. On the one 

hand, the cores have to endure the thermal and mechanical strain during form filling and 

solidification caused by hot molten metal. On the other hand, cores should be easily removed 

after solidification. The strength of cores depends on the origin of the sand as well. The 

strength of rough sand from the primary site, in case of similar grain size and binder-content, 
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is always higher than the strength of regenerated, abraded, spherical sands. New sands from 

two sites, from Frechen (F35) and Sajdikovó (SH32) were compared. The specific surfaces 

of small particle sized sands are higher, so they have higher reactivity. Too fine-grained sands 

(sludge <0,05 mm) are not very suitable for form making, as the released gases cannot pass 

through them and too much binder is absorbed because of their high specific surface. In case 

of coarse grained sands, the possibility of penetration defects is higher. Thus, the aim of core 

producers is to work with sands with optimal grain structure and particle distribution that 

provide good surface quality. 

 

 

Figure 1 

Factors influencing the mechanical properties of cores [2] 

 

The discrete element method (DEM) was developed in the 1970’s for the numerical 

modelling the movement of granular materials and the correlation between grains in case of 

high number of grains. The method became widely used during the 1990’s, when the 

problems could be solved using computers. Modern software are capable of handling over a 

million particles. During discrete element modelling, the model consists of easily separable 

elements with different degrees of freedom. New links can be created and broken between 

the elements. Equations of motion are solved for each particle. Most discrete element 

software use completely rigid elements. Thus, the appropriate modelling of various materials 

requires the definition of the correct connection between the elements. 

 

Figure 2 

Parts of the discrete element method [1] 
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Figure 3  

Tensile and compressive forces during three point bending tests [1] 

 

 

Figure 4 

The characteristic points of a machine load-beam deflection curve [1] 

 

 

Figure 5 

The regions used for the mechanical work evaluation [1] 
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Using DEM, the tensile and compressive forces in cores can be simulated, as it can be seen 

in Figure 3. Bending tests represent the mechanical resistance of cores to molten metal. The 

effectively obtained test bar dimensions were 22.7 x 22.7 x 180 mm. The lower support 

distance l was 150 mm and the cross section side length a was 22.7 mm, the radius of the 

cylindrical tool was r = 5mm. Bending strength and the modulus of elasticity can be derived 

from the load curve. In order to determine the deformation-properties of core sands, knowing 

the load-deflection curve is essential, which can be seen in Figure 4 [4]. 

The regions below the curves in Figure 5. can be divided into 4 areas based on the specific 

points. The nomenclature of the areas can be seen in Table 1. 

Table 1 

Nomenclature for the various work areas used [1] 

 

Modulus based brittleness index (BM) can be determined using the steepness of the curves at 

points Pc and Pσ, using the following equations: 

Pc= maximum stiffness [N/mm]: 

𝑃𝑐 =
𝑑2𝜎

𝑑𝑠2
=
𝐹𝜎
𝑠𝜎

 

Pσ= maximum strength [N/mm]: 

𝑃𝜎 =
𝑑𝜎

𝑑𝑠
=
𝐹𝑐
𝑠𝑐

 

𝜎𝑏 = 𝐸 ∙ 𝜀 

where: 

- σb= brittleness bending stress [MPa] 

- Fσ= maximum load [N] 

- sσ= displacement in case of maximum load [mm] 

- Fc= load in case of elastic deformation [N] 

- sc= maximum displacement of the core without permanent deformation [mm] 

𝐸 =
𝜎𝑏
𝜀
=

𝑙3

4𝑎4
𝑐𝑚𝑎𝑥 

where: 

- E= Young modulus [MPa] 

- ε= ultimate elongation [%] 

- l= lower support distance (150 mm) 

- a= cross section side length (22,7 mm) 

I. initial plastic work (P0-Pc)

II. plastic work until max. stress

III. elastic work until max. stress

IV. plastic work until final breakage
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- csec= secant stiffness [N/mm] 

- cmax= maximum stiffness [N/mm] 

- BM= modulus based brittleness index 

𝐵𝑀 =
𝑐𝑠 𝑐
𝑐𝑚𝑎𝑥

 

𝑐𝑠 𝑐 =
𝐹𝜎
𝑠𝜎

 

𝑐𝑚𝑎𝑥 =
𝐹𝑐
𝑠𝑐

 

 

 

Figure 6 

Evaluation of bending curve (CB, SH32 new sand, 0.55% resin content, see under recipe 7) 

The modulus based brittleness index from the curve is characteristic to CB-cores [4]. The 

total expended work of the bending test can be calculated with the following equation: 

 𝑀 = ∫ 𝐹(𝑠)𝑑𝑆 ≈ ∑ 𝐹∆𝑠

𝑠𝑚𝑎𝑥

𝑠=0

𝑠𝑚𝑎𝑥

0

 

 
2. MATERIALS-METHOD AND EXPERIMENTAL CONDITIONS 

The test bars were prepared with cold- and hot-box processes, using DMPA catalyst in case 

of cold-box process, under laboratory conditions. The size of a test bar is 22.7 x 22.7 x 180 

mm. The effects of diverse grain sizes – fine and medium –, binder quantities and qualities, 

and thermal load for 5 min at 350 °C on the mechanical properties are demonstrated in the 

article. A universal Instron 5982 device was used for bending tests, which can be seen in 

Figure 7. The distance between the supports was 150 mm, the cross section are was 22.7 mm. 

Cylindrical tools with R = 5 mm radius were used for the bending tests. The velocity of the 
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load was 3 mm/min. Stauder et al. [1] examined the effect of load at various velocities. They 

discovered that in case 50 mm/min load, the value of deflection is decreased and the average 

bending strength is higher. Slow load makes the plastic deformation of the cores possible. 

The composition of the mixtures can be seen in Table 2. 

  

Figure 7 

 The universal Instron 5982 equipment 

Table 2 

Core recipes 

 New Regenerated (R) Mixed Used 

Resin SH32 F35 medium (M) fine 
25%U-

75%RM 

50%U- 

50%RM 
U 

CB-0.40%     1 4    

CB-0.55% 7 8 2 5 9 10 11 

CB-0.70%     3 6    

HB 14   12 13    

 

3. DISCUSSION 

Bending tests were performed on test bars from the mixtures on room temperature and 

prepared with 5 minutes of thermal load on 350 °C. Thermal loads were performed in a 

furnace, and the bending tests were performed right after taking the test bars out of the 

furnace. The results are presented in Figure 8 and 9. 



84 Laura Mádi – László Varga– Tamás Mikó 

 

 

Figure 8 

Force-displacement values for fracturing on room temperature  

 

Figure 9 

Force-displacement values in case of thermal load 

The results in Figure 8 can be divided into two types. One of them is the cores prepared with 

hot-box process (12, 13, 14) which have high strength and rigidity. The second one is the 

cold-box type (1–11). In case of the pairs of 3–6, 2–5 and 12–13 it can be observed, that cores 

with finer sand matrixes have lower strength but higher plasticity. Cores with similar resin 

content are a smaller group among cold-box type (7, 8, 2, 5, 9, 10, 11). Increasing resin-

content (1–2–3, 5–6) also increases both strength and plasticity. After thermal load on 350°C, 

the strength of hot-box cores decreased to the values of cold-box mixtures. However, the 

plasticity of hot-box cores significantly increases, as seen in Figure 9. Hot-box cores have 

better plasticity in case of thermal load than cold-box cores. 
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CONCLUSIONS 

The mechanical resistance of foundry cores to molten metal can be well indicated by bending 

tests. In order to determine the deformation-properties of core sands, the evaluation of load-

deflection curves is essential. Bending strength and the modulus of elasticity can be derived 

from the load curve. Stauder et al. [1] characterised the strength of cores with a modulus 

based brittleness index. Artificial resin-bonded sand cores are rigid when cold, but capable 

of permanent deformation when hot. HB-cores have high strength and low plasticity on room 

temperature, while CB-cores have low strength and high plasticity. After thermal load on 350 

°C, the strength of HB cores decreases to the values of CB-cores, while their plasticity is 

increased. Cores with finer sand matrixes have lower strength but higher plasticity than 

medium particle sized sand cores with similar composition. 
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