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SUM M ARY

| . Title

Commercialization of reinforced concrete flat plate slab typed vertically suspended

shear reinforcement

Il . Overview of research & development

1. The need for research

With the development of society and industry recently reinforced concrete structures
in order to maximize the business, which can be designed to reduce the floor height
up to a total floor area of reinforced concrete beams - in the air by a relatively
simple task than die pillar system can be reduced flat plate structure is gradually
changed in the form of introducing the system. But there is a disadvantage that is
needed around the pillar plate flat plate structural system, so get rid of the situation
or by the shear reinforcement of reinforced plates or steel and shear reinforcement
using a common method to minimize the thickness of the plates it is necessary to
develop a new way of product development, which is difficult to analyze the problem
and to present substantially the developing direction to investigate the shear

reinforcement is now introducing factors.

2. The purpose of the study
The purpose of this study to develop a new way to ensure the shear reinforcement

of the economical efficiency, workability, safety structure.

lIl. Contents and results of research & development

1. Contents of research & development

m ]st year

- Based data collection and analysis

- Applied to building and field testing

- Created utilizing manual and constructability verification
® ?nd year

- Trial performance test



- Commercialization Promotion
® 3rd year
— Building production facilities

- Commercialization Promotion

2. Results of research & development

Products produced using methods such as those based on the results of this
research and development, economics, constructability and structural safety and the
mold, the bottom was reinforced after the installation process completes without
interference easy to install building construction methods, the shear reinforcement of a

whole new way previously, was developed.

IV. Final research results and Applied to building

1. Building production facilities

- Tooling, equipment purchases, plant registration
2. Design and construction manual(specifications)
3. Analysis of the applied field
4. Verify the prototype structure safety

5. Academic performance
— Specify Construction Technology (No. 706 in 2013)

- 2 articles and 1 patent
6. Commercialization performance

- Apply more than 10 cases, including Jinju—Hanil building

V. Achieving research objectives and effects

1. Achieving research objectives

Annual Performance goals Performance indicators | Goals | Achieve
. .11 Creating a prototype

Applied to building and . 1 O0.K
field testi drawings
ield testing, Mold making 5 O.K

1st Created utilizing manual Pilot Project 1 0K
and constructability Application—site analysis 1 0K
verification Created utilizing manual 1 O.K




Materials Testing 4 O0.K
Trial performance test, Structural analysis and 3 0K
2nd Commercialization member design )
Promotion Performance test specimens 3 0.K
Commercialization of results 3 0.K
Building production facilities 3 O.K
ard Commercialization Conference Paper 1 0K
Promotion Presentation
Constructpn Fechnology 1 OK
applications
Commercialization of results 3 0.K




2. Research the effect
m Were to be produced by the product to be mass produced by using a mold,

such as labor cost.

m The received verification sufficiently ensure the safety performance through
safety testing of a prototype structure.

m Existing products, but difficulties at Corporation of the workers in the process,
so the location of the interference between the upper and lower reinforcement, in
the case of product development, because a lower installation by inserting the
vertical rebar on top and bottom reinforcement after the installation workability
to secure good quality were easily obtained by shortening the excellence and

originality.

VI. Research utilization plan

Developed through this research to develop vertically suspended shear reinforcement
1s jam-shaped slab of reinforced concrete flat plate, as shown below, as well as take
advantage of a variety of structures, and is expected to be fully competitive in cost

and constructability.

m Shear reinforcement of reinforced concrete flat plate

m Shear reinforcement of reinforced concrete foundation

Shear reinforcement of reinforced concrete walls of the basement structure

® Shear reinforcement in bridge decks of civil structures

Can be used as an embedded plate of shear reinforcement of underground

continuous wall and bond beam connection
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reproduced, except in full)
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Al e 4
TEST RESULTS
4 H M ¥ S :2013-R-053
(CERTIFICATION NO)
Al B B :NSR STSR, VS-1, VS-2
(TEST SAMPLE NAME) EO|X|paGR : (2)/ (5 6)
O AlgH 7ia
Table 1. A|E{H|2| 7ja
No. A& M Size & Material HEELX] B Hj i
#1/4 NSR 252t
w =3 000mm, d=3 000mm
#2/4 STSR h=1 200mm (Fig 1, 2 &=x) HIAHY
#3/4 VS-1 Reinforced Concrete HEREF 1 Fig 3, 4
Flat Plate A x
#4/4 VS-2 THERZ 2 =
@ o 9
e =
i ﬁg i BEnOunnEEE T 1T sl
o, - ek 4= oy
o e 1%
: """“"'“’" = ! " Nis
m! .—_3_ — J 1 = | :E
oy E IE!
£y - =
S i
= IO I s o ; =
w) e J\ l = i IJE
M = Ty r & !
i _{!:M = Ll Lol Le H- i!l
- = ; 7
) =) FAE ] e [ryee— S
Fig 1. Specimen drawing(Front) Fig 2. Specimen drawing(Plan)
ERNG L
Fotl T
i i - AT /‘M
s o ||
[ Jf” ) A — iﬂ ) \‘IM -F2LAN BN ,r-l’t-l
ﬂ_ l g £\ 7 T
%ﬁﬂnlﬁ, = @Mﬂw é‘*ﬂ (R
Fig 3. Shear Reinforcement(VS-1) Fig 4. Shear Reinforcement(VS-2)
F-P-20-07(0)
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Mg &

TEST RESULTS

A X M H $ : 2013-R-053
(CERTIHCATION NO)

Al =] & : NSR, STSR, VS-1, VS-2
(TEST SAMPLE NAME) Ho[X|pacH : (3)/(Z 6)

O Alads|

(A) 1,000kN Actuator

(1) Controller / Control Program :
MTS TestStar Controller 490.01 / TestStar II

(2) Manufacturer :
MTS Systems Corporation, U.S.A.

(B) Data Acquisition

(1) Data Logger & SwitchBox :
TDS-302 & ASW50

(2) Manufacturer :
Tokyo Sokki, JAPAN

| Flg 6 Data Acquisition System

O Algiy
€ Aol Yy Fig 73t Zo| AgHIel 7|Ses0) JXE MABD s ERE W Ro| BAX
UE N2 XXHE LAISHACE AEAL 7HHSHE 7|5 SHOR 2ale ALKo| KA 144kN S0
S}F =2 (Loading Block}2 XY5}st0] FHIFES 12{SIYOD, 09t SAl0] AE7|S0| AAE 1 000kN
- Actuatorg O[8310] +BYPoR FH Westdst: WHOR Kot SIYUCL LR S7HAAUS o]
&3%t0] 2mm/min.o] HHQFOZ 3cyclee IstepR 2 38l0] ISt om, 2t stepd 9 G JpA|Zt
Table 11t Z31 BHE7}3 @2 Fig 83} ZCh.

Flg 7. Speumen ‘Installatlon

F-P-20-07(0)
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Alg 83
TEST RESULTS

4 H MM S 2013-R053

(CERTIFHCATION NO)

Al B :NSR

(TEST SAMPLE NAME)

STSR, V5-1, VS-2

Table 1. Step® B9 3l 7} A|Zt

HO|Xlpace : (4)/(F 6)

STEP B 9{H| Z| CH ' 2] (mm) It A1 ZHE) FHAZHGE)
1 0.25% 533 3195 =
2 0.50% 10.65 31.95 63.90
3 1.00% 21.30 31.95 95.85
4 1.50% 31.95 31.95 127.80
5 2.00% 42.60 34.08 161.88
6 3.00% 63.90 38.34 200.22
N 7 4.00% 85.20 34.08 23430
8 5.00% 106.5 31.95 266.25
9 6.00% 1278 30.67 296.92
10 7.00% 1491 29.82 326.74
11 8.00% 1704 2921 355.95
200.0

Q] (]

150.0 - ———— e —e S

T
o:o L.AVA,,W\VAVAVAAA A AA M M H *( +
L1

Fig 8. HE7H{4E
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45 MM S5 2013-R-053
(CERTIFICATION NO)

A B 9 :NSR STSR VS-1, VS-2
(TEST SAMPLE NAME)

O Algzda

SESTEC
e

1
A e
1y

Bo]Xlpace : (5)/ (5 6)

A2t NSO M2t 448 AYZIE Actuatore] 15 P} B9 displacemento] 2

IMe

i =]

Fig 9 ~ Fig 120] L}EFYSQICH

3450 kN

120

-2p0  -160

T T

-120

-80

=120

160 200

AL
=gy

Fig 9. load - displacement curve(NSR)

100

+56 kN

120

80

=200 -160 -120 §

-120 ~

10

240

160

I

Fig 10. load - displacement curve(STSR)

-125-

F-P-20-07(0)



Al ™ d ;
TEST RESULTS SESTEC
1 3
HH M ¥ & :2013-R-053 il
(CERTIFICATION NO)
Al B B : NSR, STSR, VS-1, VS-2
(TEST SAMPLE NAME) HO[X|PacE : (6) /(5 6)

56 kN

— B2

Fig 11. load - displacement curve(VS-1)

156 N

--120 A

T T
B

2p0  -160 -120 '-8 6770 120 160 240
L a0 mm

- -120 -

10

~ T

- Fig 12. load - displacement curve(VS-2)

F-P-20-07(0)
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Shear LadderE o]£3% RC €829 ATGAS

Shear Behavior of RC Slab using Shear Ladder

o o myd - P -
5 H of ¥ st M EE F Y

Woo, Jong Ryeol Lee, Byeong Han  Shin, Seong Hun Yoon, Jeong Bae

ABSTRACT
Two way shear resisting behaviors are represented for RC Slab using Shear ladder
Experimental and analytical results show that performance of Shear ladder is equal or better than
existing Stirrup and Studrail type reinforcements. FEM analysis results using ATENA show good
agreements with experimental results.

o
=

™

(@]
B A BAAZ Shear ladderd ZH RZAE Aeste] 2ia AdASe

RC &3 A &4
< ¥t HrlatAeh 712 Stirupd WERAAY AY Stud®d RAA G} v st TSolAe A
8L Yl en, ATENA-3DE |43 FEMsiAdZ2#E 48459 A2 Uxs49ch
.M B
TEIY JAYAAE YART AAH ATS FAAT7] 9T BHoT dURPYS FHesy,
ol FHAY TEH 4TS AN AAHY AT H5EA st wgolt mIUME &
Zuetet fAHE WAEA A9 743 AL 233 TRz 2uE A2z gy @
EH3 glov], FEIR ALY AN L ABRG Az stz dd AAXGANE Faa)
Al el gHm ot B AFAME AFA ALd ADRAA Shear laddere] tiste] 2wa Ao
B & A7MAH o8 fFle] J1E AYRZAE AHLHE AFANE FAd AZEd o
HZaty TR Z2 3% ATENA-3DE o] £31e) aAlsiint

1000kN §%2] |7l o|ElE ALgatel 15 4% e WA BaAd AAZAS BE
S APA ol BRl B B2 A5} NYAT AR Gdr. AgA BHe 19 1 3 o

+ AR, © ANy FRISAIT L, 2%, 7184}, B
o A3, AYNGE, AFFEATY, A1

or AHY, FANGE, AFTFEATA, A1

wear A5, AU, ASTHIY, we B

F=ZIERY 2012 7HS FEdd =2y 133
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E 1. MEHe EF

! #2457 EYHY GO ()

R R ERETE S

SGOL % 8 7 (NSR) t=h
SG02 | B2 2¥ Y (Stirrup) ‘
SG03 | 2¥ = # Y (Studrail) -
SG04 |41} @ tl (Shearladder)

3. MEM sAMZatel v

7 AEAE Agdstel 4 AEg agzg

38 1. ol MetEZ Algx gz

Sato 228 30] 27 Uehidch

HE-siye Hm

1,000

800 |
/SGITJ Studrall

a
8

LOAD (kN)

"\¢— 5603 - Studrell. ANA
400 \ RS

200

-
\ =
e s Q 1 - NSR
5601 - NSRANA

25

10 135 20 30

Displacement (mm)

ag-si Ha
5604 ~ Shear Ladder. ANA
ol s, LS. e 5602 Stirrup . ANA|
i )
- N 5604 - Sheur Laddes
£ 00
g sa=.
S 400
= 5602 -Stirrup
200
o

10 it 20 25 0

Displacement (mm)

a8 2. R Studrail o &#E5-HEIZM

4. dE

2 A3dAE 29F edne dapgt

a® 3. Stirrup® Shearladder 2] 3 E-XHAIM

o derzdd AFHe Hedde B Avw

[}

Bl =(Shear rail)Z B 73 A1 A oAt
oA vehd AdAe ASL vuzy Z

LR e

3]
Al

H
H7he 23 4o g i (Shearladde) 2 A
il

e
©

B I3 SL dAdr7}
440), v.11 No.l, 20115
A A, dad s

1. 3%, 345, 98, 24, 2335,
AEA A7, dFAEA T &4

2. HA%, &AW, £37, 2¥FS
A, v.19 No.6, 2003.6

3. AASE, £75, A, )=,
ZJ(FZA) : v.18 No.3, 2002.3

4. ATENA Program Documentation, Cervenka Consulting, Prague, Czech Republic, 2000
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An Experimental Study on Lateral Load of Vertically Suspended Shear Reinforcement
for Reinforced Concrete Flat Plate slab

-or' % OE’ * %l x“ gﬁﬁ %— § El*i 7°F -?- ln—l wkRk ol H°1 ﬂii*ﬁ'
Woo, Jong—Yeol Kim, Jae—Ung Yoo, Choong—Geun Kang, Su—Min Lee, Byeong—Han
Abstract

This study is concerned with the VS shear reinforcement that it can be installed easily in filed as product at the
factory and seismic performance can be achieved. The method of study is as follows. first, we researched
constructability and economy of existing construction method. Secondly, we made specimen and were examined
structural performance tests in order to verify the performance of the shear reinforcement for lateral force like
seismic load. As a result, developed VS shear reinforcement increased in shear strength and stiffness of
reinforcement, structural safety is judged to be increased.

71 § VS MotEZAR, REkE el MotEZ Alsl|, S Fctaln $HelE
Keywords : VS(Vertically Suspended) Shear Reinforcement, Flat Plate Slab, Specimen, Punching Shear Failure, Lateral Load

mw 7ol AP} FERH0E Hosl] ARHS uAS] 9B BYo2 AurA) AHssed, JE A
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e A7) ATtk FARAG Gesttn 7195, T FLEHE 1A 2 5 ok Avug) el 24
3 "ag Aol

2. A%
2.1 ¥l
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(VS)E AHelel & el AUAT ALstsieh AvuzAls) S350 e 452 APy il A i 3
Hisk SUSA 1B SR ALY, NYA FVIEARA $HTE Al Aok 4D oA} AT
2] A5e Hla, AEaA 9 29 12 QA ALY, & 12 A9 AL JREE Uopd Aol

+ (F)EAAYH thEo|AF, F8rAl(hat21@chol.com)
#x (F)Foldstn AFFsty), w4, Fua}
wxx (F)EAA A 7, Feteial
sxxx (F)Fol S n AZFea), MalA
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ST AEAFEE] =EF A00A 05(2014.5)

AlEHAY H| 1
seje M/stE : HD13+16@100/HD13@200
NSR 7eFE2 12—HD25 o2 : 18-HD10
(2 mz (é: Bt Zio: f = 400 MPa)

AlE& 37| : 3000 x 3000 x 180 mm
(23e|Ee| MA Zx : f, = 24 MPa)
STIR 2E{8 : 8-D10@100 (f, = 400 MPa)
VS T ey MetEA2 0 16-T2@100
(== 2 2lg)|(F, = 305MPa)

3. A¥4s}
3.1 AEH &S oz gEl ¥ &S Wy Bl

28 38 NUA H3 Shi% e vuR 82 e TS dehd Ao AFAAuUS AnY, 72
o A% /1% BRBHA Aoz FUAY Juz FuHgloy dengy Agde s 1594 93 A
A FHo2 o] B34 T, BRI Lol A2 Yehin slel sl A B} Sl Aol
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CERTIFICATE OF PATENT

5 3 A 10-1343790 & A& e 200007860 =

(PATENT NUMBER) £ 49 4d 20139 07¢9 049
(FILING DATE:YY/MM/DD)
5 =9 2013d  12¢9 169

(REGISTRATION DATE:YY/MM/DD)

g O] X (TITLE OF THE INVENTION)

1e—€d8 FEN £A24YY AR A

E-5] BAL (PATENTEE)

S SARG > 714

B 2} (INVENTOR)

S 2 Ao 714

99 FFL TEIY, o ue} SHSEAR] 55
H91e¢ FFFU.

(THIS IS TO CERTIFY THAT THE PATENT IS REGISTERED ON THE REGISTER OF THE KOREAN
INTELLECTUAL PROPERTY OFFICE.)

20139 129 16¢

FRAL AAESY ofF 4dATE od 129 1637 0|5
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5549

E g 5 A 10-1343790 &
(PATENT NUMBER)
E-3] A} (PATENTEE)

FH AL E AR 10]F (180111-0%#xxsx)
FAFGA AT 3= 103, 22 (HAHE)

(F)FF AR F (1801110 k%)
FAFGA BT olxel=giz  111-1, 3% (AHAE, =49 g)

1} g 2} INVENTOR)

S F D (620127-1%%+%+%)
TAFAA APET FEF 10-21 =R Eue =gk 102-1101

FE (8006131 #%%x%)
BAGA 27 mEA=14082 53
102852015 (TFEF, P Y1 o} E)

BT (751121~ T xwkxx)
FARF A BAAT BEx=z 70
,2108503= (M5, MEFdUlolgE)

o]qlz:ﬂ;(700710—1******)
FAFRA FdT 4rz408d 55
;205515045 (A2 5, AFR) 2314 L of) 71)
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TAA438Y HAdE 7 A {Shear reinforcement device
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for junctional region of column-slab}
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<0006>
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27F A A
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= ’

FH TN 71T &
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BES FEF 2

T X FH(Drop panel) ¥ FF(Capital)S

13l Wajo] BHAHOE AR HI Qo a2y, Aoy FFE AXgoe=
oo e F8le] AH-SHE(Shear stress)E ARAZD F& AA T, o]F
Aoy} FF9 FAE AT AFHY AFo] HMAZE ¥ olyg} BRATY
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