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A Study on the Diaphragm Behavior of

Composite Floor Structures Utilizing Cross-Laminated Timber
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Abstract

As the application of sustainable mass timber, particularly Cross-Laminated Timber (CLT), expands, hybrid structures combining steel beams

and CLT floors are emerging as an efficient alternative. For these systems to be safely implemented, it is crucial to accurately evaluate

their behavior as a diaphragm that transfers lateral forces to the main resisting system. This paper reviews international design standards and

prior research to analyze the key factors governing the diaphragm behavior of steel beam and CLT composite floors. Prior research indicates

CLT panels are influenced by diaphragm characteristics, connections between panels and steel beams (collectors). This study emphasizes the

necessity of establishing a reliable design procedure and proposes for future experimental and analytical research.

7IHE  72& JAAWCLD, FugT=x, tholot=z 75, FHE

Keywords : Cross-Laminated Timber(CLT), Composite Floor Structures, Diaphragm Behavior, Collector

11 79 v 2 =3
AZES] g4 WA= Azke] tigk #Ale] FobA A,
g AR 89S 7Fd 728 AW Cross-Laminated
Timber, CLT)¢] &&o] A MAAHoZ 351 Q) o]
3 52 Lo, HEZ o3 A AN, 181
CLTe AgAd 2 84 PE 233 F2R-CLT stolB
= H}D‘?Zb Az FHE FUsd ¢ Ae &
S A 2Flog FEWY 9} o] slo]HE & nigT
Z7F AE AAe FxRAAC 71dsr] fEAE T4
A A opde}, Aoy nigd e Y g
Al olE 43 YA ~wl(Lateral Force Resisting
System LERS)ell <FH3kA ﬂ?ﬁ}t T3 A9, F tholo}
(Dlaphragm)oi/ﬂ«l oy %Qﬁl 1—1“% OHOIE Ela=g
CLT e =2 W A4 b AR}
of A w4, 9d e o , 7ﬂ?¥91 %ZH Soll
wel JA golopzg o] AFe BT S "o A
o el s ob7 HZR-CLT stolBg = npgxe]

ruE "110
oy [T
X

o

* AR edsta g, AR

@A AN S AARSE, FF

g rledsta A5Esd wg, 33k

author Department of  Architectural
Engineering, Seoul National University of Science and

(Corresponding

Technology, rohys@seoultech.ac.kr)

tholotzy AZ] g AAHA AT L HA s)Fo)

FAste], AR Agol ofEgol w21 gl
getA B dAFE s 5 B J1E Axae 24 7

3 A9 97 BEe AAHOR mFSHe] YE-COLT
soluc mgTze thololEy A% S4% 19 o
g2 AL Fa AAE BRI, T e 9% B
off BEI FF AT WFL AASFLA ok

o r

2. SfO|HE|E HE A9 Ttolot=R HE HHLIF
21 tolobzye] AP} 35
e B AR FrE FY aEe AXse Jawn

otyz}, A=l 7HeiA= e 3 AF 84170 LFRS

Oz, AW $ol Ages 79 AnoA sy

sfoF Fct. o] AN WEHT stF HAF FRe FEH=

Tz Qe Saoltt. AE-CLT stolHels Azl

A e Ag ARE CLT #d — sjd-Rr Oﬂa_r -

ZAE(FZR) — 3AHA3JA~=H(LFRS)o| th 1:}0]0].

e - [ B e A = i R B 5‘4

kel WO LERSH ATSE eg e,

CLT 94 AA= =& ¥ A4S 7HAAR, o9
CLT =§2d% 74’LE 7" AA He /\l/‘E“" ke gt
BAR AseA ek tholotzA Y] My Wy AHTo|
gzt 1 AFLe Zg-i](ngld) #<A(Flexible), HEZA|
(Semi-rigid) tiololz Yo7 RFRHT nFEESIF 7]|F

z

(ASCE T19IME 55 Za8 DA 28 25 Gol

- 606 -



jic)
o

sAde THI ML Sy EE HAE T

O

S
o |

2.2 WA Aee T84 2
CLT #id AAE &2

.ﬂ
[v

Soluels AsdaAE T2 BEus} EY
& S, tololzy-2dE Aarel ol AA A
29e) 98 A% 45 e

31 AAVIE 9%

u| =473 7283)(AISO2] AR 37 “Hybrid Steel Frames
with Wood Floors“= EA9} dE slo]lBgl= Al2Ele] A7
dYE 2ZHoFE TR Yok o] V&L T ARES 2
Z3it). golop=el A By Wy, FHE 9 AZAF A4
AH, gololza FA48ES 1T He T84, A, &,
A&7FeEE 33 OAId A aARRe 23ETh

nZERE83] 7129 ASCE 7-1604& tholopazae] Wy

3L ZARIgd, -FaAFlexible), ¥-72ASemi-rigid = E-5
sk 71 AAste 72 4 mdso] Waks A3t

=2 E S(AWC)2] NDS(National Design Specification for
Wood Construction)= &4 A 2 MR 3888 2 7
= AAle| dig 7S Algsks ®HAE, SDPWS(Special Design
Provisions for Wind and Seismic)& o]#3 dA4R= T4
ANz 7= g A A #g AAgh

32 T8 A3 A 24

WoodWorksoll A &7k AA 7
o CLT Holozal F4< Ansln A& Weke AN,
CLT sid 1fre] 723 54< v AAAT o 74K
= AL Ut

Cristiano et al. (2018)& W¥IMF7AA] He} CLTE A€
sto|BE = thololae] Mk AP stk AT A,
3}010}33“9] AA W 488 CLT sidst A B Abo]d]

IF oA Bk el o8 AuiEm, Hee

}%*’5% HAE Ags] mddshe Zlo] A dolol=
AE d=o] AAle o7 =3yt

Zheng et al. (2016)2 A7 a4 AlgdoldS Hasto]
B2 sto]BE|T g thololzAe] AL BrlEY
o] A& AE ] HAPS 3l volopzHY skF HE
AUEH 9 RoE #FE, olF HEeRE AS
Pdol Al Al2=dle] 7ol
A7 o] =S =31tk
Andi et al. (201D 35 stelBel= WYe] 4 SgjHo|

7He]=(202D+= SDPWS 2021

of

éﬂ

rk‘l rﬁ

r&'

o
o]

(

AHEEE oY A 840 A Al
Zgo] A& A4 S
< AT B ok

olggt A ATEL FEHoE FI-CLT stolBy= n}
g7z AP Tl A A derHus ddRe
Aotz Aol ofs) AAHM, ARt Fo AS5= e
dAF MAY AEe 1 AL iy mele] <)
< AARRI

A

d

N
riu

el e AW AT AES

5 CLT &4 wieT29] tholot *o‘—s—% @*é 01711
Brrstal AAsy] 9 A7 223 skt
HE-CLT &4 wterze] volotzdl AEe CLT 3
g AAe] Ao s Jrrd F glon, weA] HEH
2 oad b AAR %a% a3 WA (Semi-rigid) 2

HosloF 3ot AA Al & CLTUY HEE AA

AL A% A5 AAAE 9are NHY AFE
9@ o4 =adgol Basic
FF Qdre AF AL FYsE 4PH - 47

1. American Institute of Steel Construction (AISC), Design
Guide 37: Hybrid Steel Frames with Wood Floors, 2022
2. American Society of Civil Engineers (ASCE), Minimum
Design Loads and Associated Criteria for Buildings and

Other Structures (ASCE 7-16), 2016

3. American Wood Council (AWC), National Design
Specification (NDS) for Wood Construction, 2018

4. American Wood Council (AWC), Special
Provisions for Wind and Seismic (SDPWS), 2021

5. WoodWorks, Wood Products Council, CLT Diaphragm
Design Guide: Based on SDPWS, 2021

6. Cristiano Loss, Stefano Rossi and Thomas Tannert (2018).
In-Plane Stiffness of Hybrid Steel-Cross-Laminated Timber
Floor Diaphragms, Journal of Structural Engineering, 144-8

7. Zheng Li, Minjuan He, Zhong Ma, Kangli Wang and
Renle Ma (2016).
Hybrid Floor Diaphragms:

Design

In-Plane Behavior of Timber-Steel

Experimental Testing and
Numerical Simulation, Journal of Structural Engineering,
142-12

8. Andi Asiz and lan Smith (2011). Connection System of
Massive Timber Elements Used in Horizontal Slabs of
Hybrid Tall Buildings, Journal of Structural Engineering,

137-11

- 667 -



