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Abstract — In this study, the mechanical behavior of disc springs was precisely analyzed, and their structural performance was
verified. The research was conducted in three stages: single unit tests, series/parallel arrangement tests, and module cyclic
loading tests under initial pre-stress. Experimental results showed that the load-displacement characteristics of the disc springs
closely matched the Almen-Laszlo theoretical formula. In particular, D3 (%,/t = 1.05) disc springs were found to provide stable
restorative performance with minimal residual deformation. Furthermore, the study analyzed factors influencing hysteretic
behavior, such as stiffness discrepancy, pre-stress force deviation, and horizontal misalignment of the loading jig, which were
observed during the experimental process.
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Fig. 2. Influence of pre-stressing force on the self-centering efficiency
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(a) Geometric configuration and dimensions of the disc spring
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Fig. 3. Geometry of the disc spring
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D3-U-1~3 | 150.0 61.0 5.0 53 | 1.05
_ A1 AlS
D4-U-1-3 | 1600 | 82.0 43 56 | 130 4.3 Pre-Stressed A ¢
Table 2. Specimen of arrangement Pre-Stressed A F-2 AA MTAEH BFo|Ao 2
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any | CNVmm L m) A FE 52 U5 F Qe HAUFE ZE S A
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Fig. 6. Overall view of the experimental setup including the subjects
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Fig. 7. Load-displacement curves of all unit specimens
Table 4. Key experimental results for unit specimen
=0.75, =,
[PECLNE Fezp theory exp Fezp E‘heow exp (kN/mm) (kN/mm) o theory SIOLIIENG)
(kN) (kN) F; heory (kN) (kN) F; heory (mm)
D1-U-1~3 68.62 71.81 0.96 84.58 89.19 0.95 6.79 6.77 1.00 0.34
D2-U-1~3 44.90 46.34 0.97 57.69 56.17 1.03 12.02 11.70 1.03 0.17
D3-U-1~3 30.78 31.64 0.97 35.99 35.89 1.00 17.62 18.58 0.95 0.16
D4-U-1~3 23.18 21.95 1.06 25.64 23.47 1.09 4.58 4.19 1.09 0.21
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Fig. 8. Load-displacement curves of all arrangement specimens
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Table 5. Key experimental results for arrangement specimen

s = 0.75h, s=Mhy Permanent
Specimen F F F F F F Koeep Ketheory HKoers deformation
exp theory exp exp theory exp (kN/mm) (kN/mm) ]{e,thewy
kN) | (kN) s | KN) | KN) | B, (mm)
D2-A-1 178.47 185.36 0.96 230.79 224.67 1.03 44.37 46.81 0.95 1.35
D2-A-2 187.89 185.36 1.01 - 224.67 - 15.55 15.60 1.00 1.42
D2-A-3 142.57 139.02 1.03 - 168.51 - 9.27 8.78 1.06 1.61
D3-A-1 120.7 126.58 0.95 144.22 143.56 1.01 26.85 27.09 0.99 0.55
D3-A-2 124.8 126.58 0.99 152.73 143.56 1.06 9.08 9.03 1.01 -
D3-A-3 93.83 94.93 0.99 115.19 107.67 1.07 5.23 5.08 1.03 0.92
B0 A s}E0] 47| ASol= dAto] BEE QT Table 6. Permanent deformation of units and arrangements
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Fig. 9. Displacement ratio at target load for unit and arrangement
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Table 7. Displacements at which experimental stiffness
converges to theoretical stiffness

(a) Unit specimens

Specimen Test 1 Test 2 Test 3 Average
D1 0.08 0.10 0.06 0.08
D2 0.11 0.09 0.09 0.097
D3 0.10 0.08 0.14 0.11
D4 0.02 0.01 0.09 0.04

(b) Arrangement specimens
A-1 A-2 A-3
Specimen | Unit (4PX1S) (4PX3S) (3PX4S)
(odd) (odd) (even)
D2 0.097 0.5 0.9 0.12
D3 0.11 0.2 0.3 0.05
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Fig. 10. Load-displacement curves of all pre-stressed specimens
Table 8. Key experimental results for pre-stressed specimens under constant loading
Initial pre-load 5= 0.25/, 5= 0.5/,
Speoimen iexp Pi.theory F;zp F;heam/ }?ezp 17@11’ Eheory }?e.zp
(kN) (kN) (kN) (kN) Binery (kN) (kN) theory
D2P-C ) -46.06 46198 -127.19 ¥ 122.84 1.04 -184.86 1723 1.07
) 44.64 o 125.38 - 1.02 237.4 - 1.38
) -30.90 -73.22 0.82 -119.12 1.00
D3-P-C +45.19 +89.46 +118.75
+) 31.03 70.38 0.79 125.32 1.06
Table 9. Key experimental results for pre-stressed specimens by increasing loading
Initial pre-load s=0.25/, 5=0.5%, s=0.7h,
SpeCimen iexp Pi,theary I;‘ezp F;heory F‘”P F‘ezp F;heam/ 17@11’ F‘ezp I;;heam/ 17@11’
(kN) (kN) (kN) (kN) I?theor Y (kN) (kN) l?t heory (kN) (kN) theory
(-) | -52.22 -83.22 0.97 -150.0 1.04 -204.1 1.08
D2-P-1 +61.98 +86.13 +144.11 +189. 42—
(+) | 49.93 87.96 1.02 164.05 1.14 205.15 1.08
(-) | -44.45 -47.93 0.75 -99.03 0.96 -128.9 1.01
D3-P-1 +45.19 +63.7 +102.91 +127.13——————
(+) | 49.45 60.45 0.95 106.35 1.03 127.7 1.01
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