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Abstract - A new type of modular building system, an unitized floor system is proposed. The modular construction method, 

pre-assemble volumetric modules in the factory and transport them to the construction site, is effective for the shortening construction 

time. By utilizing the advantage of the prefabricated building system, we propose an unitized floor system that reduces transportation 

costs and overcomes the limitations of transportable module size. The unitized floor system consists of floor panels with Lip-C type 

cold formed steel beams(C-300×100×25×9.0) and square columns(B-250×250×12.0). Two unitized floor systems(segmented column 

type, continuous column type) with different beam-to-column connections have been proposed. For the practical use of the proposed 

system, this paper experimentally verified the seismic performance of beam-to-column connections including finite element analysis. 

The experimental results were compared with nominal strength given in AISI S100 and AISC 360 codes.
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Fig. 1. Dongting Lake Hotel with 2D structural system using floor 

cassette to column connection example (Liu, Xuechun et al, 2017)
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   (Segmented Column Type, SCT) Fig. 4.

       

   (Continuous Column Type, CCT) 

. 

(a) Install the foundation and 

columns on the first floor

(b) Install the unit floors on the 

second floor

(c) Install the columns on the 

second floor

(d) Install the unit floor on the 

third floor

Fig. 2. Construction process of the two-story building with 

unitized floor system
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(a) Before and after assembling the columns 

and the unit floors (SCT)

(a) Before and after assembling the columns 

and the unit floors (CCT)
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(b) Front view of the SCT unit floor system before assembly (b) Front view of the CCT unit floor system before assembly
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(c) Front, side and plan view of the SCT unit floor system after 

assembly

(c) Front, side and plan view of the CCT unit floor system after 

assembly

Fig. 3. Configuration of the SCT unitized floor systems and 

specimens

Fig. 4. Configuration of the CCT unitized floor systems and 

specimens
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Fig. 5. Schematic representation of test setup

    SAC [8]   Fig. 6.

      . 

     (LVDT 3) , 

         -

 2 (LVDT 1, 2) . 

Fig. 6. Loading history (SAC cyclic loading program)

       -

 ǗȥȪȤȩȯ    (1) .

Table 1. Yield and ultimate strengths of steel

Steel
Thickness

(mm)

Yield/ultimate

strength (MPa)

Column (B-250x250x12) 12 307.9/432.2

Beam (C-300x100x25x9) 9 410.4/470.3
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ǗȥȪȤȩȯ žǛȥȪȤȩȯłȝ ž ŻƤȟūŽŬ

ǗūŽǗŬ żłȝ (1)

, ǛȞ  = , łȝ   =

 (3000mm), ǗȤ= LVDT Ȥ   , ȟȤŽȥ=LVDT Ȥ, ȥ 

 .

       

       Fig. 7. - ( )
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Fig. 7. Configuration of the Unitized floor beam

   4. -C

        -C

      C-300×100×25×9.0 -C

    . AISI S100[9]  AISC 360[10]  

   .

4.1 AISI S100-16

     AISI S100-16 25.4 mm 

      . 

       

      . AISI

       

      , 

 . 

    , , Ńȩ   (2)

 .

Ńȩ ž~z ŻŃȩȠ ž ŉȡļȩƉŃȩȧƉ ž ŉȠļȩż  (2) 

, ŃȩȠ    = , ŉȡ=

     , ļȩ   =

 (ļȞȭȠ    ) , Ńȩȧ  =

 , ŉȠ  = .

4.2 AISC 360-16

     AISC 360-16 , 

       AISI S100-16

   . Ńȩ     

    ( łȝ   , 

 łȫ   , łȭ   ) 

     , (3) . 

Ńȩ ž~z ŻŃȫ žļȴŐȳƉŃȩƉłŊĸż  (3) 

, ļȴ  = , Őȳ  = .

 4.3 

    AISI, AISC C-300×100× 25×9.0 

      Table 2 . , 

      , AISC 

        AISI 

        

   . 

  5. 

  5.1 

5.1.1 SCT 

    Fig. 9.(a) SCT -

    . SCT 0.03rad

      . 

        +0.03rad

        

      . 

    381.6kN·m . Fig. 

       9.(b) SCT 

       . 
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5.1.2 CCT 

    Fig. 10.(a) CCT -

     . CCT ±0.08rad

        . Fig. 

       10.(b) ±0.05rad -

      

     , . 

           

 .

   5.2 , 

        Table 3

 (ȧȝȠȜȨ), (ņȴ  ), (Ńȴ žņȴȧȝȠȜȨ), 

(Ǘȴ), (ǟž ǗȰƋǗȴ  ), (Ł žņȴƋǗȴ   ) 

    . , 1/3 

  (Fig. 8.) . 

Table 2. Comparison between the code provisions

Standard AISI S100-16 AISC 360-16

Design
condition

� Member section: Double C-300×100×25×9.0
� Yield stress: ļȴ žŮūŴƊŮMPa

� Elastic section modulus: ŉȳ ž ŉȡ žŭŰųƉŰŲŴmm3 

� Plastic section modulus: Őȳ žŮŮŲƉūŲųmm3  

� Lateral-torsional buckling modification factor: Ĺȝ žŬƊŬű

note

� By effective width method
- Web: ȝūſȝŬ Ócompression width(žȲƋŬ), 

fully effective
- Flange with compressive stress: 
ȝ žȲ(ĐȲƋȯÚŴƊŭŬŲŉ), 
ȝūſȝŬ Ócompression width(žȲ), fully 

effective
- Lip with compressive stress: slenderness factor 

ǞŻžƓƤȡȩƋļȞȭȧžŴƊŴůūż Ú ŴƊŰűŭ, fully effective 

� Web, flanges and ribs are fully effective section

� Width-to-thickness ratio

- Web: ǞŻž ŭūƊŭż Ú ǞȫŻž ŭƊűŰƓƤĻƋļȴžŲŭƊŰż

- Flange: ǞŻž ųƊūż ÚǞȫŻž ūƊūŬƓƤĻƋļȴžŬŮƊųż

- Lip: ǞŻž ŬƊŲż Ú ǞȫŻž ŴƊůŮƓƤĻƋļȴžūŬƊŴż

- Member elements are compact
� Limit states: yielding & lateral-torsional buckling

Nominal flexural 
strength for 

yielding & global 
(lateral-torsional) 

buckling

� For yielding & global (lateral-torsional) buckling
- ŉȡ žŭŰųƉŰŲŴmm3 

- When ŴƊůŰļȴ Ò ļȞȭȠŻž ųűųƊŲMPaż Ú ŬƊűŲļȴ,

ļȩ žƤų

ūŴ
ļȴŻūŽƤŭŰļȞȭȠ

ūŴļȴ żžŮŴŬƊųMPa

- ŃȩȠ žŬ÷ŉȡļȩ žŬųűƊųkN·m

� For yielding
- Ńȫ žŬ÷ļȴŐȳ žŭŰűƊųkN·m

� For lateral-torsional buckling
- When łȫŻūƊŭmż Ò łȝ Ú łȭ ŻŲųūƊŬmż

ŃȩƉłŊĸ žĹȝ

ȶ

ȹ
ȷŃȫ Ž ŻŃȫ ŽŴƊűļȴŉȳŻƤłȭ Žłȫ

łȝ
Žłȫ żż

ȸ

Ⱥ
ȻÚŃȫ

- ŃȩƉłŊĸ žŭŰűƊųkN·m 

Nominal flexural 
strength for local 

buckling

� By effective width method, ŉȡ ž ŉȠ

- Ńȩȧ žŬ÷ŉȠļȩ žŬųűƊųkN·m
-

Nominal flexural 
strength Ńȩ

� Ńȩ ž minŻŃȩȠƉŃȩȧż ž ŬųűƊųkN·m � Ńȩ ž minŻŃȫƉŃȩƉłŊĸż ž ŭŰűƊųkN·m

Symbols

� ȝūƉ ȝŬ : effective widths

� ļȞȭȠ : critical elastic lateral-torsional buckling 

stress
� ļȞȭȧ : minimum critical buckling stress for 

cross-section
� ļȩ : nominal global flexural stress

� Ȳ  : flat width of element
� t : steel thickness of any element or section
� Ǟ : slenderness factor

� Ļ : modulus of elasticity of steel
� łȝ : length between points that are either braced 

against lateral displacement of compression 
flange

� łȫ : limiting laterally unbraced length for the 

limit state of yielding
� łȭ : limiting laterally unbraced length for the 

limit state of inelastic lateral-torsional 
buckling

� Ǟ : width-to-thickness ratio for the element
� Ǟȫ : limiting width-to-thickness ratio parameter 

for compact element

The symbols applied in the table are the same as those used in the respective standards.

Fig. 8. Model for defining experimental results
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       . , 

       . 

      CCT , , 

        12.8%, 15.6% 26.0% 

       . 

    .

   SCT, CCT AISI S100-16 

    (Table 2 ŃȰ  /Ńȩ
(1)  ) 1.12~1.40

       . SCT 

       

       

       . -

      AISI S100-16 . 

     SCT, CCT - SCT 

(a) Moment-story drift angle relationship (a) Moment-story drift angle relationship

 

(b) Failure aspect of welded joints fracture at 0.04rad

 

(b) Failure aspect of beam

Fig. 9. Moment-story drift angle relationship and failure aspects 

of SCT specimen

Fig. 10. Moment-story drift angle relationship and failure aspects 

of CCT specimen

Table 3. Seismic performance comparison between test results and predictions

Specimen

Test results Predictions Comparison

ȧȝȠȜȨ
mm

ņȴ
kN

Ńȴ
kN·m

Ǘȴ
mm(rad)

ņȰ
kN

ŃȰ
kN·m

ǗȰ
mm(rad)

ǟ Ł
kN/mm

Ńȩ
(1)*

kN·m
Ńȩ

(2)*

kN·m
ŃȰ  /Ńȩ

(1) ŃȰ  /Ńȩ
(2)

SCT
+

2,785
93.3 259.7

45.5
(0.015)

119.9 333.8
91.5

(0.031)
2.01 2.05

297.9 367.9

1.12 0.91

- 92.6 258.0
46.0

(0.015)
137.0 381.6

152.9
(0.051)

3.32 2.01 1.28 1.04

CCT
+

2,555
101.5 259.4

39.5
(0.013)

163.8 418.4
205.8

(0.069)
5.21 2.57 1.40 1.14

- 90.0 230.0
44.1

(0.015)
141.6 361.8

203.2
(0.068)

4.61 2.04 1.21 0.98

* Ńȩ
(1),(2): Nominal flexural strength according to the equations (1) AISI, (2) AISC and Table 2
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      AISC 

    360-16 (Table 2  ŃȰ  /Ńȩ
(2))

        0.98~1.14 . 

      

(Ńȫ      ) , 

       - , 

       (25mm)

       (300mm) 10% 

  [11]. 

 5.3 

    

      ( ) , 

        . 

   Fig. 11. - . 

      

         

   . 0.00375~0.005rad SCT 

    CCT 9.8~28.8%, 8.3~23.1%

      . 

    0.001rad , 

    0.005rad . 

Fig. 11. Equivalent viscous damping ratio per story drift angle

      -

    , SCT 

      , SCT

    0.04rad . 

   5.4 

    Fig. 12. SAC [8]  (Fig. 6.)  SCT

(a) SCT specimen (+/- loading direction)

(b) CCT specimen (+/- loading direction)

Fig. 12. A change of strain of beam at load step 1-9

       CCT 30mm Fig. 7.

          1

       .

     , SCT +0.02~0.03 rad

       

    , 

        . 

     . , 

         SCT

      . CCT

        SCT

   . Ńȫ     

     CCT 0.05rad

.

   SCT( ), CCT( · ) 

    0.017~0.018rad, 0.023~0.027rad

  . 



       31 2 ( 159 ) 2019 4 93

    5.5 

       Fig. 13. Ǘ  

         (1) -

  ǗȥȪȤȩȯ    . SCT 

        +0.04rad 

        -

ǗȥȪȤȩȯƋǗ        . 

       , ǗȥȪȤȩȯƋǗ

      . CCT 

        , 

        

      ǗȥȪȤȩȯƋǗ  

  . 

(a) SCT specimen

(b) CCT specimen

Fig. 13. Relationship between beam end displacement by beam 

and beam-column joint action
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       - -
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       - -

  . (Poisson’s ratio) 0.3 . 

6.3 

6.3.1 SCT 

      Fig. 14. SCT -
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-       

     . 0.03 rad

   , 0.03 rad 
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Fig. 14. Comparison between numerical model and test of SCT 
specimen: force-displacement relationship

Fig. 16. Comparison between numerical model and test of CCT 
specimen: force-displacement relationship

(a) Mises stress (a) Mises stress

(b) PEEQ (b) PEEQ

Fig. 15. Mises stress, PEEQ and illustration of SCT model at 
maximum displacement

Fig. 17. Mises stress, PEEQ and illustration of CCT model at 
maximum displacement


