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Finite Element Analytical Study of Steel Plate and Dowel Bar Systems
Designed for Damage Reduction of Non—-Bearing Walls
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Lim, Chang-Gue Moon, Kyo Young Lee, Hong—Seok Kim, Sung Jig Kim, Young Nam Lee, Kihak
Abstract

Generally the non-bearing walls in apartment buildings in Korea are not considered as a lateral force resisting members
for the design consideration. This engineering practice caused large crack damages and brittle fractures of the non-bearing
walls when subjected to Pohang earthquakes in 2017 since those have not been designed for seismic loading. In this study,
finite element analysis was conducted for slot type non-bearing wall connection system to reduce damages and concentrate
damages to the designated damping device through separation from the structural wall members. Steel plate and dowel bar
systems designed for the dissipation of seismic energies were modeled and analyzed to investigate the damage reductions.
Finally, the test result and the analysis result were compared and verified.

Keywords : Seismic loading, Non-bearing unll, Finite element analysis, Wall connection system, Damping device
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Dowel bar®| HIUEHof| thet Jekds J1edst] Qlal
a1 FOIQAGIA] TEIQl ANSYS T2 THS
E3510] FEM(Finite Element Method) d1A1S 435}
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2. Steel Plate 715 ¢

2.1 &8N M ¥ A
2 oA =4 Molg flal 1edE &34 HUE
H HAAIAES Steel plate@} Dowel barOJCh ASIA]
off Mo HLEH AIAE A Al 37HR] =HE 11
SICE. A He| 5F5Q1 Zokso thelo] = B
SIAl 2ol BP0 mEHOF shH, sAlo] X|Xl6kE
of tisiil= e5Ee Sall ATURIE Ak = A
g AAE eIt okl Z6ks tisl ol&S
e Sofl a3 el oM, ANleksol thatAl
HRIE TIolo] Rt S AVdsh= FEM

Dowel bard] A2 (Fig, 1)0] LIERISIC
MBS 7% A8 NBWe HUE AlAgES A

(a) Steel plate

(b) Dowel bar
(Fig. 1) Specimen shape

(Table 1) Specimen specification

Dimension (mm) Concrete
Specimen Bearing ~ Non-bearing  strength
wall wall (MPa)
—Conlx\zTBVtY ol 670X1,800 1,000 X1,800 7
oo X135 X135 '
system
—Stej) V\iate 670X1,800 960 X1,800 235
P X135 X135 '
system
—DODB}Nb 670X1,800  960X1,800 204
e X X135 '
system
g5t Algx| SPw 9 DBWZ TE50] Qrt AlgA9]

AMYS (Table 1)3} AT NBW AgRl= 2017 28

ZlolA vl & ulsi7t Ealsh A ORIEE F
A8 713 AgIFoIL]. SPW ASAIE HlU=H G1RQ)
UWEl S310] Steel plateE 4RI ASFIOICE DBW A

Al ASAOICE SPW B! DBW AldAl= AS+271E
AAlSHL Q= s18SHAL10.010n 2 YEEO

Q= 014 HRI(10mm)E 11510 HLE
8 HHO] 20mm, A}-5H0] 30mm S3le FUCY.
Ol UlR HUf=H} oI Ulsde 2ol WiR H
UiHe] wd B EYs ERJskal AIK sks0] Afgg
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(a) Elevation (b) Cross section
(Fig. 2) NBW elevation and cross section
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W AR Al Al HUEEE W
1} 7 PSE o 5 EMdake Al d3le A8
QACt TSk NBWO| HIU=dHHo]l 780 X 350mm F719] 7N
TE7L Qlon, T Felole B 7IEE 118slo]
FE| g 9 AKOR HZATE iR
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(a) Elevation (b) Cross section
(Fig. 3) SPW elevation and cross section
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(a) Elevation (b) Cross section
(Fig. 4) DBW elevation and cross section
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(Fig. b) Transverse force pattern
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71 2 HUEY oA Al B8 AgRS] A
=27 Age S9 3tidEe (Table 2)Q ATk
(Fig. 6) SPWet DBWO| Al ATFE LIERATE SPW
9} DBW+= & WEF 6150] 71E mf HIU=Y SR
MR %lo] Q)= Steel plate & Dowel bar?} 20 A
ot} HiURHel v Bl &4o] Wlsh| J g
5lo] OURIE 2ARPZIH HIUWEHO] TlshE F4-st
Si= AS ZRO7 S} wetA] Steel plate@t Dowel
bar®] HFEL AFAC] F HIEES Hlul- FA610
Agks Frtsldrt

NBW+= Bt Fthd: 7] 20| 554.04kN &
273.08kN/mOE HUHHo| ol Agkeol met &
st A A4E HoW FER Asg LIERARICL
NBWO] Zde Wi} ARS EMdZ ST HILE
Ho| o] Zo] Relely| mizo, ARE st
ok Al S8s5| =2 2 7|ofelit

H AollA ZHEE HUEY oA AlAES R g
ol XMglottete HiU=Hol ¢ &=4& Aojohs

(Table 2) Experiment result

S NBW SPW DBW
pecimen N _ + - + _
Stiffness
273.08 148.67 128.04
(KN/m)
Pmax
559.6 5485 4236 4174 3818 3837
(KN)
0y
. 035 07 0.67
(%)
Oy 0.29 03 027
) . . }
u 121 233 248
L
(a) SPW (b) DBW

(Fig. 6) Destruction of SPW and DBW

g 35 5UE Tl vk HUEY iR AlAES
g6t SPWO| Bet FhgE 2 £7] 8L 420.5kN
148.67kN/mOl|al, DBWC| B¢t Fthde & 7] &4
© 382.75kN & 128,04kN/mOIC}t SPWQ] Hat Z|h
e W x7] 24 DBWeF HIwEl] ZHzE 9.9%,
16.1% S7¥3IACk

(Table 2)9] SHEHQ| §= ASIA| IoJAQ] T2
0] A50R gEgt o] MelE AZsiion, S5t ¥
9] o= HE AP "uEZ0] HX] 22 AFRIEA]
FIH Hsg goll wiet ASAPE ahlE mo] HRIE O
ST 1= GERIZA 6,00 Tigt 6,2 HIEE LIERIA
L} SPW 2 DBWO] 9IAHI= NBWQ Hwslo Zzt
92.56% & 104.95% E7FIRNOH, o= thd® 2 244
oA19] shik= HIhE Slds=io] A gaERss ¢
o Itk 2 o] oigh TAIEQl Aees TRE HalAlojA]
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H Aok FotQAehA] =IOl ANSYS(Ver.
19.2E S5l Steel plate?} Dowel bar®] CAD files 3D
Solid elementsZ FH2t610] 3R dliAdS AJAISIRICE

Steel plateQ] MR QASE 2429 Solid elements
2 E5l9lom, Z219] Solid  elementsoll TSI
10mm =719 52447} MeshZ Nodes 12,3657M,
Elements 524470 #&6to] LASIRACE (Fig. 7)ol
RYE Jae LIERAQICE

2500

(Fig. 7) FEM model meshing
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(Fig. 8) FEM model meshing

(Table 3) Material properties

Property SD10
Density (kg/m?) 7,850

Young's modulus (MPa) 200,000
Poisson’s ratio 03
Tensile yiled strength 400

Dowel Bar®] A& Q452 2219 Solid elements
2 FHol¥on, 219 Solid elementsoll  Tholod
10mm =719 16777H MeshZ Node 954171,
Elements 1,677702 £&olo] NAsIACE (Fig. 8)0l
Ry gde LIERKRICE

4.2 293 A =A

SEQLso] e 2
21 257) 9Ia10] 1
Qﬁﬁéxﬁﬁgiﬂ Aol Wl sl

Steel plate@} Dower bar©]
ARA QEe AT Qs =

C

i,
E

of WAE0]  RUom,
Stress-Strain =412 Necking 59| tHiA] HaS 11
6K &= Engineering Stress-Strain®] TlOJEIS B}
ElOZ True Stress-Logarithmic@Z x|&510] Mg
BUAE  FEdlo]  Hgsf. ool o
Stress-Strain 21 (Fig. 9ol LIER} QUCE

71 k59 A2 Displacement 7[5& ARESIO]
<F1g 10>7]— 71—0] X:PE_ ] 7(-1HP81=7]- ‘:‘tﬂ-o]{_‘i lomm/%
20 AlOIEE AR oR STAIZIH 76Tt ZF AL
O|29] HPIE Solt] HIEES LKEaYlon, 29
s HYEQ 02%0] TEst AFE Fielso=z &
CISIQICE O Solf AEAIS WHe ALk

0002 0.005
Plastic Strain [mm mm~-1]

(Fig. 9) FEM model stress-strain curve

(Fig. 10) Force load

H o3ollA] ARRE ANSYS(Ver. 19.2)= HIAE 3liA]
S QIst A9 olEEMol thell Isotropic hardening
ruley} Kinematic hardening ruleg AIAISIL QUCH
Isotropic hardening®] A< 8H20] BHlsH= S0
ootk gl 8 55, Kinematic hardening®] A<
71 AVOIZ0] Tl winic} g S=9] Adiglo] &
O]E&= O|FENOR Bauschinger S/} HIIEICE )
ghal At gARRE 2R As AlEEIolde LIERK
71 QB o EME  Multi-linear kinematic
hardening®2 TSIGCY. 279 s olgEAL
Steel plate® Loading, Unloading, Reloading {10l
HIIEICE

4.3 Steel Plate O[ZA|AE! Gl 20}

AR ASlolA] SPW ASA 2 NBW Adidl= &7
HOH] 09% 2 0.6%0lA Tzt 2HEEIIC: NBWR
HwsiRe of SPwel S7HIQHIE 50% S7ISIACh
ZAAAEO] Steel plate?} 712 TRAIQF £AMS 2
A7 ZAER0] £40] HET =S ZHE6IR10t Fot
510] ASAROIA] Steel plate®] 11 7

O

J_Lioﬂ T%
Sol%rt.
Equivalent elastic strain /A 21}, (Fig. 1)} &
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(Fig. 12) FEM model deformation

25+

Force (kN)

L L L L
-0.6 -0.4 -0.2 0.0 02 04 06
Drift Ratio (%)

(Fig. 13) Load to drift ratio

O] 8TsecOllA] A ShEHEE0 IFS HEE
0.181%0] T2olr). Directional deformation a4
A}, 8.7secOllA] XASFOZ 2.25mmo] HE0] Hhls}
AP, o2 Edl (Fig 12)9t 20| Steel plate?} S
st o ASR S 1,800mmOlEE  E7HHQHI=
0.125%US & 2= Qlom, AR AISIoIA] Steel plate”}
SHESH ST 0.1%01 2AR ZalE =&t
Steel plate’} HEE 0.181%0]1 TE8 m] Fixed
support IR0 Blck= WS 23kNOJCE  Steel
plate®] ‘B T DI7F ARIEEZ Steel plate AME Al
E U 23kNo| dhliste A oR 958 & 9l
L} (Fig. 13)2 SYHASMI9L 5159 TAS LIERACE
Steel plate®] SZHALHIZ} 0.125%0] LE8 tf o1&
P4 9l

e 28kNPiE & &

)

B
Tot:
o
o Min

(Fig. 14) FEM model
elastic strain

#

(Fig. 15) FEM model
deformation

7

5L P s

550 ///// / 404
§ Yy /v
g ////;// 74
Ll //./,é /(,{/ ==

i i i i
-0.6 -0.4 -0.2 0.0 0.2 0.4 06
Drift Ratio (%)

(Fig. 16) Load to drift ratio

4.4 Dowel Bar O|ZA|AE] FEtQAGHA] Zn}

A AlSlojA] DBW A8 2 NBW Algil= &7t
HPIH] 0.8% H 0.6%01A Thi7l 21T NBWR
HlusiRe W DBWO| E7HHPIHIE 33% S7IetRICh
ZAIAA-O! Dowel barZh 718 FRRIQF S48 He
A7 ZafER|o] £80] AEE =S 2FE6I). 7ot
Qe E Soto] AAoA Dowel bar9] 1+ A
5ol

Equivalent elastic strain oA 2l (Fig. 14)2} &
O] 9secofAl HEO| FEHIEO IFst HIE
0.199%01 T=YE6ICE Directional deformation aiAd
A} 9secof]A] XHSFOR 3mmo] HEo] BHASIRIC,
015 &3l (Fig. 15)2} 20| Dowel bar7} &g mj Al
Al 1171 1,800mmolE = EYHASIHI= 0.167%2s
& o Aom, AR Aol Dowel bar’t gHEsh S¢t
HEH] 0.10%00 A 21FE =EsIRICh

Dowel bar’} HHEE 0.199%0]1 T8 m Fixed
support PJR[ol] BFlsk= HH2 2.7kNOICE Dowel
bar9] A< & W7} AXEEZ Dowel bar ARZ Al &
U2 10.8kNO| Ehgks ZAEORE RFE 4= QUtt

-
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tke] Zololl thall Dowel barHL} T B Steel plate
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MSH 2102 AFREIC
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