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STATIC CYCLIC LOADING TEST OF COMPOSITE SEISMIC WALL
INCORPORATING CLT PANEL INTO RC FRAME STRUCTURE

— Experimental evaluation of the structural performance —
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Kana SUGIMOTO, Yasushi SANADA, Rokhyun YOON, Sujan PRADHAN,

Alejandro VELAZQUEZ MESA, Akiyoshi MURATA, Hiroshi ISODA, Joji SAKUTA,
Tsutomu OHTA, Norie KIKUCHI and Shinji TAKABATAKE

)

In this study, static loading tests were performed to investigate the structural performance of RC frames with CLT walls. The experimental
investigation revealed that the presence of CLT infill significantly increased the initial stiffness and strength of RC frame regardless the RC frame-
CLT infill connections. The post-peak strength of the RC frame with CLT infill did not drop below 80% of the maximum strength even in a large
drift of 10%. These results clarified that the presence of CLT infill within RC frame has a beneficial effect on the seismic performance of RC frame

structure.

Keywords : Anchor connection, Reinforced concrete, Seismic performance, Structural test, Wooden wall

TG, Sas s U— T, MHERMERE, MG, RENE

1. [FLC®IC 9, FFiZ, CLT DR & 72 2 AR/ MEAR K OB 2155 5

IR, HERIEBEL OB 1L, Rt aTRe Rt O EBUZ T T, RO
CO2 BB ~DIR Y MLA S NFEILROFE L 72> T 5, 20214 4 A
IATONIEEETY 2 v F Tk, BATY 2030 4EICB1F HIR=ES)
BT ADYE B 2013 EFELE T 46%HIT 2 2 & 2 KW L7 v,

HEETH B WA E T, WEB R L TR 0 Rt a2t o
TR T HIER 1 b Mkt T FTRE R G D = — AR EmE > TV D, S
DI, BRERDSEFICERM SN TV AR EIT TR FE2 0 FEH
BT 2072 OBRFWFITIBT 2 KM OFIH OMRIEICRIT ik
) 2L LTAMBEDZE < & 53 2 JBEEHEN T O AN OFF H Mgt
SNTWD, TOTFEO—>2L LT, Jii LAKS CEL7 Cross
Laminated Timber (LLF, CLT) OFRJHIZERNEF-> TV D,

CLT &IOS MR A MAE DT AN B ASIC E A CHEAs L 7 R A i F
BEC, BEICHUN Tt R R oEHM & L CEMEEh TV

TENTEDIY, CLT OEELRNEMZ T LetEST 5 Z LIk
HIIARE < RMPESEDTEMAE IR S 5, AP TIE< VBN T
WhHEkf 7 ) — M (BLF, RC) &54) 912 CLT BEA A+ %
T &T, BREENTER L, COWILRDEWH 2R E MRS 5 Z
LPRTELTD, FfaiefthRICRESHEMTE D LEZBND,

WEAEMFJECIE, CLT A MifEHEE L U TR L 7o Bk 4L o ik tihe
AR DR R L < 2 ST E T, E£72, CLT BEAR RC 248N
WZIFAET 2 2 & T RC ZMBORNEMREIC 5 2 DI OV T B
DIED BTN D 99, 3k 8)TlE, CLT BEC & 25 5O S
% HIIZ, CLT BEDHHE A 2 A2 S &5 K0 b 30 DI L TH]
T 2528, L0t B3 2 2 LERFI SN E T, 3k 9)T
(%, CLT B& L JENAOBEAHOMEIEZ M LT 270, AFIR
DT F—ITINL LI BEEHIZ O W TR L, @A TEMERE % 38 #

*LORBORFER B TeR Kbk
*2ORBORSERAF B L AZERE % - ik (D9)
*3ORBOREE R LA ZER B - i (T5)
ORISR ARl R e e B - L (D)
*0 UK AAF BIEET B - W (T2)

*6 PRSI T ET W (T4)

*T RIS AR e AT

8RB R atE

Graduate Student, Graduate School of Engineering, Osaka University

Professor, Graduate School of Engineering, Osaka University, Dr. Eng.

Assistant Professor, Graduate School of Engineering, Osaka University, Dr. Eng.

Assistant Professor, Institute of Innovative Research, Tokyo Institute of Technology, Dr. Eng.
Professor, Research Institute for Sustainable Humanosphere, Kyoto University, Dr. Eng.
Horie Engineering and Architectural Research Institute Co., Dr. Eng.

Horie Engineering and Architectural Research Institute Co.

Daiho Corporation

—633 —



Focused on RC frame
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(a) Ground floor plan with focused frames
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(¢) Details of focused RC frame with CLT wall (Y1-Y2)
Fig.1 Details of the prototype building (unit: mm)
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(b) Cross section

Fig.2 Details of RC frame specimen (unit: mm)
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(b) Details of focused RC frame with CLT wall (Y2-Y3)

Fig.1 Details of the prototype building (unit: mm)
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Fig.3 Specimen types (unit: mm)
Table1 Specifications of RC frame and CLT wall
Prototype Specimens
Column Beam Column Beam
BxD
550x600 400x800 220%240 190x320
(mm)

Long. 10-D22 6-D25 4-D13 4-D19+4-D16
rebar (SD345) (SD345) (SD345) (SD345)
Dt 0.47 0.47 0.48 1.60
Shear D13@100 D13@200 D6@60 D10@60
rein. (SD295) (SD295) (SD295) (MK1785)
Pw 0.46 0.317 0.48 1.25
CLT 7,110mmX2,850mm 1,200mmX1,200mm
(WxHXxt) x210mm (4 pieces) x86mm (2 pieces)

CLT . : : )

layup 5-layer 7-ply 3-layer 3-ply
CLT t.ree Japanese cedar Japanese cedar
species

e Tensile reinforcement ratio (%), pw: Shear reinforcement ratio (%)
W: Width, H: Height, t: Thickness of CLT

BRI KRIFTIERAOREC, B LTS CLT BE L RC MO HEA RN
7L, ABRMALNISNDEIRERETZNEEBEZLND,
ULoEREZHE 2T, CLT BEZ RC @M ~ET T D70 Dl
R 7elmEt 2 AR E LT, CLT BEOF LN O RC 224 L DA )
B 2R BN & % B LA S 2R (BTG & B3 5 7200 2 B
FERE Tt U7e s, TEamBRKIIE 1 M 2 48E) DRk v K
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Table2 Material properties of reinforcement

Table3 Material properties of concrete

Type Elastic modulus Yield stress Yield strain Specimen Elastic modulus Compressive strength
(88;315) 215%10° N/mm? | 420 N/mm? 1.95%10% BF 25%10% N/mm? 30.5 N/mm2
D10 WF 24x10% N/mm? 28.6 N/mm?
(MK785) 218%103 N/mm2 851 N/mm? 3.91x103 p
D13 WFga 26%10% N/mm? 31.8 N/mm?2
3 2 2 3
(SD345) 212%10% N/mm 401 N/mm! 1.90x10% p WFacs 95%103 N/mm? 30.5 N/mm?
(83{13?15) 199%x103 N/mm? 380 N/mm?2 1.92x103 n
D19 Table4 Material properties of CLT
3 2 2 3
(SD345) 191107 N/mm 388 N/mm 2.03x10° CLT type Elastic modulus Compressive strength
D6 3 2 2 3 Parallel to fiber
(SD295) 190%x103 N/mm' 430 N/mm 4.25%103 p on the surface 52x102 N/mm?2 29.0 N/mm?
6 : P dicular to fib
164x103 N/mm? 337 N/mm? 4.06x103 erpencicular to 1iber 2 2 2
(SR295) B on the surface 25%102 N/mm 9.14 N/mm:
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SEGIRE AT 5 40% A — LV DR TH Y | F 4 k% 3 L7,
RBRR & TSR ICEE T 5720, 2T E TERILL, 1o
R EIE 1,360mm, A8y (BEHLOHBERE) 13 1,440 mm ThH D,
7235, RCZRMERBRIRIT 1 BEREH T R IRAL & U CRkEH Lo, RABRiED
B T3 Fig.3 IR 98V CLT BED A ) ) RC 484 & oA 5
15 (RCZEM#h & CLT BERI O T v I — A OF M) Th b, B BF
iZ CLT BEA 2\ RC FERZEMOLORBRIKTH Y, HBRik WF,
WFga, WFpca l3AEZ2Z845 PN (2 CLT BE (& 1,200mm, 5 &: 1,200mm,
BEE: 86mm, B : 3B 3 7 T4, M : A¥) 244 2RI
Thb, 7B, ARBRETIE CLT BEZ 2 KD/ Sx L bR LT
%o LAk, 20 CLT BEDRERRESE Td 5 il 3k L% CLT /X3 &
g, CLT BE oy BN @ AT RE el LA B E L= b O TH Y, CLT
ARV OBEFIZIE Fig.1 OWFFExt 4 @ Glued-in Rod #2457
— (LLF, GIR 7 v —) % LT Fig3 IZRETRT 7 o —
(®6) % 60mm MifE (M DIAZE S 4% 42mm, EFE I 0.5%F2 %)
CEH L7z, £z, CLT &4k 5 O X BISIELE - ROGMATEICH
O, HEHEST ISR D MENE VN L 2EE L, CLT i Ok 1
DFEEFATICA D K 912 RC ZERENICFe48 L 7=, 3BR (K WF 13 RC 42
Mg & CLT BERICT o 1 —2 R T TH 6T, HBRIK WEpalZF & O
FNCDBT oI —%GRiE L, BRBRE WEFpea 1ZHRR )7 & OBERIZT
VA —% i LT (Fig.3 28), 708, MR L OBERUCHKE L72T v
J1— (®6) % CLT /<3 V] & FERIZ 60mm kg (R DA R
&£ 42mm) CEOAR L7z, i TOBIE, ®6 O7 > 5 —T CLT /3L
MZz#A Uiz CLT BEZRIEAL, TD%, 27 U — MadT
LFNEEERHA L7z, RC #kF & BT T v — % i L 73 BRI ds
WTiE, 520U CLT BEAMNE DAL ©6 OF » h—%FTHiAl
ThE, TOWk, a7V — &K LT, 7e¥, CLTEREH KLU RC
ZEfE-CLT BERICHE L 727 > I —13WFh b Fig.1 1SR T GIR 7 > %
— EEBRIEFR AR TH 0, HLOIALRE SITMESUE R EHE#H 0%
BEICEAWBZEO R EYFRF LT 7da (7 A—HRR) & LIn, B
HRNDT 2 I — LA~ I S 72 OEHE & LTz, F72, AFFEICE
WCIRT v —EAICB T 2SR OEE N — 2D B Th o 72
728, CLT B4 FeiH L 73 BR A 12 B L Cid CLT B & RC 44O LE
HHCHEE A 2 AT e, 6o C, CLT BEDSVEIZT vl — % ik
JTCOWARWREBRIKEWE =227 U— k& CLTBEZ =27 U — R Off
BITR 0P S Iz, FEREE 202 U — kRO CLT oM
I% Table2, 3 KON 4 IZEFNEHRT, Fiz, CLT OMEEER LV 5
O Iz EMEIS ) — O BBk & Fig.4 1277,
2.2 #HEEE

FEBR O RBRIAR B X 4 Fig.5 12, KEHOHMTEEA Fig.6 (2%
nERT, BRI PC 8k T 7 L— SIZEE Uiz, RREHSE
W OSHRERIFICB LTI T 5, $REAA LT ¥ v (2,000kN)
2 R0 Eh A A U A2y &, ROTBEZIY T 7 AKEA A LY % » %
(1,000kN) 12 & 0 EAYITHERR Y IR Ui 21T > 72, Bk bic
FIAEDENE Y v v 12 L - THEOEMETRE GIHEMEo F=24N/mm?
(235 <) iTxE Ll ke 0.15 oWl 2z, SRERIK I
T DENE ) & —EIHERF L CACE IR %17 - 7o, £ OBRICHATR O
BRI 0 ZHERE L7z, ACEAlr, BiOLE O KN 6% T A
27 LN DRFOEE TOmS (WG S) A (=1,360mm, Fig.5
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B WF 13 Fig. 5@ITR ¥ & 212 RREHmT A 0 3R & LT
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DL 727, 2T, +2.7%rad, -2.5%rad % THiff L7214 I1CH
i 2 T L, SRR IR D BB &L 3K A [ E SORICER Y B 2 e &
BL7- (Fig.5b)&M), R=3.0%rad, 4.0%rad %4 2 %1 7 /L$>
1771, +10.0%rad F CHUEIHRG L7z, 7ds, ERIFOBEREMED
BEIEIC X DENIREN TH o722 LI, TSGR L T\ b, 1D

RBAK BF TiE, Fig. 5T X 5 Ic@t A 7 Wz B0 TilBR ik
A EE S L CHif 21T o 72, RB=4.0%rad OYA 7 VLI,
FRENHRT P S T 2 R L7272, sRBRiK WF TR L e
> 72 6.0%rad DY A 7 VEBI L7 (Fig.6(b)Z M), 7235, B=0.16%
rad, 0.32%rad, 0.64%rad OV A 7 /L%, HIFENFHIET 5 AR
B X 0 ORI O BIE L 1T D 2 L AT D,

BRI WFpa & O WFpca TiE, #RBRK BF & [FERIC R 2
EESR & L Cifia1To 72 (Fig.s0)B M), £, WHERE B
T RB=0.375%rad DY 1 7 L F ClHERERIE WF & RBEICm L, 20
B A 7 VITAER IR BF & RIERICHAT L7 (Fig.6(0)Z ),
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® Maximum strength (Qmax)

[] Flexural cracking M Shear cracking 4 Yielding of column longitudinal rebar <> Yielding of column shear reinforcement
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Fig.7 Shear force vs. drift angle relationships
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Fig.8 Damage developments

Table5 Initial stiffness Table8 Yielding of column longitudinal rebar

Specimen Initial stiffness Ratio to BF BF 0.51%rad (B = 0.64%rad cycle)
BF 68kN/mm WF 0.45%rad (R = 0.50%rad cycle)
WF 72kN/mm 1.1 WFga -0.375%rad (R =-0.375%rad cycle)
WFga 92k N/mm 1.3 WFsca -0.375%rad (R = -0.375%rad cycle)
WFgca 105kN/mm 1.5
Table9 Yielding of column shear reinforcement
Table6 Maximum strength BF WF WEBa WFgca
Drift angle . Bottom of 0 o ) )
Specimen ot maximam Maximum shear Ratio to BF north column 2.7%rad 1.6%rad 1.5%rad 2.0%rad
hear f force Bottom of
shear lorce 3.0%rad | -1.9%rad | -1.5%rad | -1.3%rad
BF 3.00%rad 139kN south column
0 Top of -3.0%rad
WF 4.00%rad 302kN 2.2 north column .
WFsa -6.00%rad -299kN 2.1 utT}?p <1)£ . 4.0%rad
WFrca 6.00%rad 331kN 2.4 SOMULA €O
N . Table10 Initiation of crack in CLT panel
Table7 Initiation of shear crack in RC column that : P
Specimen Drift angle Shear force Specimen Drift angle at crack initiation
BF 0.32%rad 92kN WE 0'0625:/“““1
WF 0.38%rad 161kN W 0.0625%rad
WFra 0.38%rad 175kN Whca 0.0625%rad
WFgca 0.38%rad 193kN

L7z, R= +6.0%rad (23 CARMI (ERMERD AL OFEEA BT
HERENT- b OO, IO RB=+10.0%F TH L Z%E LT %
MeRF L 72, ZAUTREEM OERBZICHE W TY, CLT BENSZEREICEM
TOHMBEAZNBLCX/FLEZ RN -RNEBZLND,

DA 7 MZBWTHEAFEEIZ IS —a 27 U — MNEBEO JR 5 % i
AL, #t< R=+4.0%rad DY A 7 MZBW TR KM 302kN % 2tk
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R=6.00%rad
Fig.9 Pullout of anchors from the RC beam

Table11 Maximum crack width in CLT panel

Specimen Maximum crack width Drift angle
WF 0.45mm 2.7%rad
WFga 0.35mm 3.0%rad
WFgca 1.00mm 2.0%rad
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6.0%rad O 7 L E— 7 KT K 71-299kN % Ftdk L7, £ D%
RF=+10.0% % THUHM 21T\, B — 27 BRIV CROKT 7 05 87%
DMK T &R Lz,

3.1.4 EHERIKWFgen (CLTEE+7 U h—F (RBHEE))
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RO (EREAD  _EHB :Eﬁ%zﬂ% bz, TD% B=+10.0%% T
FRUIEAT 21TV, B — 7 RRZIB W TR I 0K 82% & Tt K T
L7,

3.2 HRAEOLELEEHRFOFE

KRB O YA 2 Tableb 12, i KIit /1% Table6 |2, RC fED
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Fig.10 Arrangement of LVDTs on CLT panel (unit: mm)
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Fig.11 Rotation angle of CLT panel vs. drift angle relationships
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Table12 Conceptual diagram to identify rotation center of CLT panel

Negative (South side) « » Positive (North side)

< SRE NI EE WV1~4, 7~10
(Fig.10 Z8) X, CLT /Sx
v BT olEE (2R A
ZRDD,

South side | North side

© K2 FF WH1,4,7,10
(Fig.10 2#) # ¢, CLT
SRENVIEAT IR O alfis (F2 X7
L) Bk D,
< ZOB, RCHEIERA RO
BAMER LTS EREL,
KFZENFHT LD RC AEITHT
B RN 2N 2 Claldis (72K
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il

1, i TR 72 [AldE (2 KT AR
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25
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Fig.12 Height of the rotation center on CLT panel (h) vs drift angle
relationships
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Fig.13 Estimates of outputs of vertical displacement transducers
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Fig.14 Vertical slip vs drift angle relationships for WF
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Fig.15 Shear force vs. drift angle relationships of the CLT panel
30 T T T T T T T T 0.25
—~ 200 020 — —
PR > ., S
g < 0.10 o S/// |
0 - 2 ——
S ... . Y —
5 100 005 o
g - : ]
5) 0 —_— VWV:Z (Exed support) —WFWFBA 0.00
-200} . in support) —— 0 1 2 3 4 5 6 7 8 9 10 1
( pport) BeA u
-30 0 _'6 _'4 _'2 5 ; "1 é é 1'0 » —o—BF —e— WA-BF (Fixed support) --@ - WF-BF (Pin support)
—8— WFy,-BF —o— WF,,-BF — Eq.(4)(0=1/n) - - - Eq.(4)(0:=0.25)

Drift angle (%rad)

Fig.16 Comparisons of CLT panel shear force vs drift angle
relationships
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