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Evaluation of Floor Diaphragm Behavior According to Inter-Module
Connection Stiffness
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Abstract — This study analyzes the effect of inter-module connection (IMC) stiftness on floor diaphragm behavior in modular
buildings and proposes a quantitative criterion based on stiffness ratio. Numerical analysis was performed on a 4-bay, 5-story
steel modular building using MIDAS Gen software. Connecting plates were modeled as beam elements reflecting actual
geometric lengths, with thicknesses varying from 20 mm to 0.02 mm to examine structural responses under different IMC
stiffness conditions. Results showed that when the connecting plate thickness was 20 mm or 2 mm, the entire floor behaved as
an integrated diaphragm. However, as thickness decreased below 0.2 mm, diaphragm continuity was lost. Theoretical evaluation
confirmed that when the horizontal stiffness of the IMC is approximately 5 to 10 times greater than that of a single module, the
floor diaphragm exhibits rigid diaphragm behavior. The proposed stiffness ratio criterion provides a quantitative basis for

evaluating diaphragm behavior in modular buildings; however, accidental eccentricity should be considered in design.
Keywords — Modular buildings, Floor diaphragm, Inter-module connection, Lateral stiffness, Connecting plate
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Table 1. Classification criteria of floor diaphragms (ASCE)

Classification
criterion

Diaphragm Load
type distribution

.. Relative stiffness of
Rigid . 040 =0.50
& vertical elements dia LERS

Combined diaphragm
Semi-rigid | and vertical element | 0.5, 6 < 6;;,<20; rpg
response
Flexible Tributary area Opia = 20, pps

e mas O dia,max - Maximum diaphragm
deflection
Oave - average story drift

Rigid Diaphragm : &4, < 0.5% Sy rrs
Flexible Diaphragm : &y, > 2% s

Fig. 2. Deformation modes of floor diaphragms
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Fig. 3. Modular frame structure and beam-to-beam IMC with
connecting plate
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Fig. 4. Analytical model of IMC with connecting plate
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(a) Full diaphragm (b) Unit diaphragm

Fig. 6. Diaphragm modeling assumptions
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(b) X-/Y-direction displacement of unit diaphragm model

Fig. 7. Wind-induced displacements from diaphragm models
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Table 2. Summary of diaphragm behavior according to
connecting plate thickness

Ctgziicet;g%iﬁt)e Observed diaphragm behavior
20 Fully integrated diaphragm
2 Integrated diaphragm
0.2 Transitional behavior
0.02 Discrete diaphragm behavior
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Fig. 10. Analysis result for lateral stiffness of single module

Table 3. Lateral stiffness of connecting plate and module
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