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Abstract

Structural and Constructional Characteristics of

Reinforced Concrete Composite Slabs Using SHCC

Lee, Seung Jung
Advisor : Prof. Cho Chang Geun, Ph,D
Department of Architectural Engineering,

Graduate School of Chosun University

Demand of high rise buildings and long span structures in construction
industry is increasing. Recently, there are many researches about structure
systems and structure materials for the application high performance concrete
in buildings.

Concrete is one of the most common materials used in structural members
However, concrete has some disadvantages such as in local cracking and brittle
failure.

In this study, the concrete performance can be improved by applying PVA
fibers mixed into a cemetitious composite and a fiber-reinforced composite
having special properties like high ductility and strain-hardening behavior after
cracking is called a strain-hardening cementitious composites(SHCC). SHCC
has been shown a high ductile deformation capacity after tensile cracking
strength caused from the behavior of micro multiple crack.

Precast concrete systems have many advantages over cast-in—place concrete

- XV -
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system in construction process and ensuring better and more uniform quality of
concrete product.

In this study, a new reinforced concrete composite slab system which made
by cast-in—place and precast strain-hardening cementitious composites(SHCC)
deck and reinforced concrete are introduced and compared with their bending
behaviors with conventional reinforced concrete slabs.

A model for a nonlinear flexural analysis of the reinforced SHCC and
concrete composite slabs has been presented to predict nonlinear performances
of the system. In the nonlinear flexural model, the SHCC in tension after
cracking was considered to model its high-ductile and strain hardening
behaviors. A series of construction load tests was conducted on the half precast
SHCC decks that were located at the bottom of the half composite slab in
order to secure flexural strength during construction stages. A series of
experiments on the half precast composite slabs were carried out and compared
with reinforced concrete slabs by a 4-point bending test.

At the experiments on bending performance, the developed slabs have
improved flexural behavior, controlling cracks, and deformation capacity in
comparison with the existing reinforced concrete slabs. The results of nonlinear
flexural analysis were well predicted with the experiment tests.

According to the analysis and experimental results, the half precast
composite slab system has advantages in high tensile ductility after cracking
and crack control and improving bending and displacement capacity. By
applying the developed slab system in a structure, it can be possible to reduce
construction cost as well as construction period by reducing form-work process

and using non-supporting form construction system.
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1.3.1 &EdE ECC e E=2=3c g=d=

2 7o HeHAE SFHIETIAIAY IY HLS fIo 22 BUUA A7t
OIR0RY LELHE =H2 ATL 0 o TAGIRACH LELE S AF=
U BI2EQ FHAMO H52 MEGDX DALANE=SSURE 0125101 2=
S8 ECC IE2 MAEACH. LELE ECC HE L RC SESHE NLH e A7
Wse oS 2o, ([28 1.8] &X)

ECC extruded panel Retnforcements
//— Topping concrete

o+

-
o o
‘\‘\— ECC extrieded panel ECC+RC Slab

[0 1.8] ECC HE % RC SersdiE HE(=F2, 22 2011)

AE=HE ECC IHE L RC SE&dE 2 AEM MEAE2 ot <E 1.1>, [

== o
1.9] ~ [O8 1.12]2 &0l MZotRAULCEH.
<H 1.1> SgHs2x 24 € &Al
Section .
) . foic f, ECC panel Longitudinal Ps Transverse
Specimen Details Geometry ) )
(i (MPa) (MPa) (mm) Reinforcement (%) Reinforcement
mm
RC-0 prototype 3
D13@150mm 047
ECC-P1,-P2 ECC*&4-D13 600x=180 24 400 D10@150mm
600x20(26.5)
ECC-R ECC*r&4-D10 D10@150mm
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% Y 1 r 1 -
600
(a) RC-0
ECC
Extruded
. & & & & paliel
)
L r'—'q'—'—'ﬂ./i
t
o 600
A
(b) ECC-P1,-R

[0 1.9] ECC HE & RC S&sdi2 AEHM &A1

Transverse bars - D13@400mm
Longitudinal bars - D13{or D10Y@ 150mm

Center

e i
|

i

i

= !
= I
|

i

|

o !
Cover =20 :

= — v ¥ v ¥ :
ol I
¥ ) I

300| 1300 |.__800
4000

[O3 1.10] ECC THE X RC S&=ciE AEM &
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22 2
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[O8 1.11] ECC IHE %L RC =Sg=cHE MEUE-A

[O& 1.12] ECC IH<

ECC Panel+RC S HtE=cHES MAUEHYLICH. ECCE L=HEE IHES =HIGHA
otR M=z EZti2S oYM, 0IF oIt E22S 2L t. O Us g0
£ HH26t1, 24WPall LBt ACIES AR 0l Et&sot) 26t
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\ 1350 | 200 |

e R

300 3400

[O8 1.13] &#E8X & Totas 2y

AlSE 3,000kN 22| UTM(Universal Testing Machine)S OlZotd [O& 1.13]
20| 48 THolAIO=Z AAIGIKCH., AEHMe & HEZL2H 300 mm X0 SXEHS
AXIotH S=XX == otF2H, =H2F(Net span)2 3,400 mmzZ St CH. 2& ol
= g & A0l Hel= 700 mmE A, 0 YUl == &0l XZotES otAULCH. ot
S22 HRAMON gAao=z =2 2232 EIN UM 2 MIHKl Jt= ot £t 2L
HESH olzgt= 2D ot 50kN 22| =EA=Z AXIotd SHOIQO. A2
HE L BHEY BHEE2 ASEM 229 X0 HRAHLVT), 23ICE BHEE HO|
A, 22 HEE HOIKNE E=ctH SHOIW Oteiet &2 Z2UE 2/UCH. (<E 1.2
ZX)

<EH 1.2 AgAE A8 2
* ¢m'x/
Wi si | & My 6y | @, | Elr | Mo | Oparr Pmax T e | o |0l

Spec. * ¢y

name
KN - m mm mn" | kN m mm mn~" | kN - m? | kN - m mm ™’ kKN -m | mm™
1.77x1 3.09% 1 1.53% 1 0.77x 1
RC-0 | 5.17 | 1.649 | 81.59 | 28.43 | 907 | 34.57 | 93.5 i 4.95 | 34.27 i 2.49
0® 0° 0t ot
3.09% 1 1.63% 1 2.18% 1 1.23x 1
ECC-P1| 8.06 | 3.562 35.84 | 21.37 ] 2,103 | 41.80 | 110.0 i 13.37 | 40.38 i 7.55
0® 0° 0t ot
2.61x1 1.84% 1 1.65% 1 1.16x 1

ECC-P2 | 8.58 | 2.120 36.78 | 23.35 i 1,786 | 40.00 | 97.5 i 8.97 | 40.19 i 6.30

0t 0° 0t 0t

= equivalent stiffness after first crack EI, = (M,—M,)/(¢,— ;)
*% O Pmax - Maximum midspan deflection and curvature

**% ff,, ¢, @ moment and curvature when the strain at the extreme compression fiber reaches 0.003

_13_
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1.4.1 gddHSEL

StZZediz ZAIS SHCC & RC S HIE=HE AIAHS ¢Xd#s [O8 1.18]
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Topping concrete
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<H 2.2 & MEo S4
Density|Fineness
Types Si0, | Al203 | Fen03 Ca0 MgO S0; |lg.loss
g/cm® | cm?/g
OPC 3.14 3,200 | 21.24 | 5.97 | 3.34 | 62.72 | 2.36 1.97 1.46
Silica
2.64 0.2 96.9 1.44 | 0.34 | 0.11 0.03 - -
Sand
FA 2.16 3,645 50.5 - - - - - 3.04
BFS 2.94 4,310 34.7 13.8 | 0.11 | 446 | 5.62 | 0.23 | 0.64
Diameter (mm)
<H 2.3> 2352 §4
PCSP HPMC Defoamer
Density (g/cm’) 0.37 0.60 0.26
Type brownish powder white powder white powder
<H 2.4 PVA 879 &4
) , Tensile | Young's . Alkali
Ingredient Density | Length |Diameter | Surface Strength | NModulus Elongation st
3 m 9, resistanc
(g/cm’) (mm) (um)  |Treatment (WPa) (GPa) (%) .
Polyvinyl 0ilin
alchol 1.3 12 39 A entg 1,600 40 3~6 High
(PVA) g
— 20 —
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2.2.1.2 Higr =201 &8t H&E

o)
of ¥2 ZHGIUN HRC BMHS 0= ¥

2.552 22H, Ag3 Y 1oy HIEES 2.0% 0la= UERCH

<H 2.5> SHCC HHEH&EJI(DOS HEE 2.0% 0l4ES)

unit (kg/m)

W/B S/C | FA/B |Slag/B

wt.% | wt.% | wt.% | wt.% Silica PVA
W | B |OPC| FA |BFS Sand PCSP | HPMC [Defoamer vol %

45 71 20 20 |375(833|500| 167|167 | 692 |0.37|0.18 | 0.45 2.0

<H 2.6> 2B23CE HELEAHA(EE2S © 30MPa)
W/B S/A unit. kg/m
(%) (%) W B 0PC FA  |Admixtures Zége nggse
40.1 47.5 166 414 331 83 4.97 802 900

SHCCHZE 2l d=s5 "otoh| ol =LA HNEATAES =oAL, &E

g [O8 2.2]2 20,

_21_
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2.3~2.5
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[O" 2.6] 48X A
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d. 22 27 e. MEX HOIX 2=
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d. SHCC-20A e. SHCC-40A f. SHCC-60A

[0 2.8] &M HMZE(SHCC EtE)
— 26 —
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[0 2.9] 48H HMELUF(M4F 23CE EBH)
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2.3.2 & EI4E SHCC SetHIE 2 XAl Ao As=sEHD}
A2 1,000 KN 22F°| UTM(Universal Testing Machine)S Ol26td [Og 2.11] ~
2

z0
s dXlot H=XA ZES ofUCH, —i—%‘._F(Net span)% 3,400 mmz
& I8 E A0l Hel= 700 mZ A, O SFUHA ==+ &0l HEot:
Moz AFE 2I2EJF I 2 WIK JtE of
2| {5t 500 kN 2] 2 &S AXIGHH =F
&, HEE2 229 AX HAA(LDT), 23elE ¢HE

SX5IH =™EIACH. ([ 2.10] & X)
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A A S S S M
e

P e:s._—..-,h«s‘*‘.-e. A
|
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3400mm
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SMo THOIAEAM <E 2.8 22 Z2UE LIEIWLH. J1= AEHd iyl AEH
o gt=ot=s2 C-40AUIAM 1.3% Sotst H2 & == UCH. AEHe xHotsS
SRC-40AJF 16.4% =2 SIS B0, E=AEH0 dlol SRC-40 A &M= 2=2
240l =H LIEtLE OE0IMZE 2 2ol HdEMOH S 2 otLie =2 2=2e 24
JId 2l Abs A28 L £ AL, 2SS0 A LIEIY A4 SHSEH =stud
SHHDIXIC Z2UE [OF 2.13]2 AEHM ofE5-BH 20 LIEFLHALCE.
<H 2.8 &g & 2
Second s|ope ylineiltdiianlg Max. values Secant
. after cracks : Variation ... Istiffnes
e o o i o Pt 0 o
Disp. | Load |Disp. | Load |Disp. | Load (%) yielding
(mm) | (kN) | (mm) | (kN) | (mm) | (kN) (KN/mm)
RC-0A 0.9 | 6.6 |21.4|49.0| 82.3|55.3 - 3.85 2.3
SRC—-40A 3.1 121.0]24.0 | 64.3 |123.6| 65.7 19 5.15 2.7
AHEETHA = S EH THA|
T0
[~~~ Tested Load- Deﬂec‘uon
60 Pt ——epe
50 .‘J' /”/Jh’?“ -'\\\
% 40
g
F 30
|
20 T —| —RC-0A
10 —--SRC-40A
0 | |

0 30 60 90 120 150
Deflection at Center (mm)

[O8 2.13] & &AM &t5-8e 34
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(2) SRC-40A A&

2 Z20l= 21 kN F20A ot=0l S0l Wet OfAloHH &

T
£Q
10
2
Q'E
o OfH
Ol
A=
o
oo
=
[m]
oM
a
x
or

(b) £ciE Motad & A F

[0 2.15] =cHE SRC-40A A& M IHGH & &

(]
M
ne
0
|
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o

(a) RC-0A

“ICollection @ chosun

(b) SRC-40A
[O8 2.17] AEME M6 &

oqe
J0h
Y
T
Qj

!
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3. SHCC &£ RC =g=die2 & A4
3.1 &l A&

=2 A9 Al AI2=E ASEMcs E2EHA SHCC StEIZE|IHAE RC =ers=ch
B 2X0IH O =2 Wol)l fotd <E 3.1>10 &2 A= HEGQO. &F
e Lesl sel2 ZA0=2 SHCC & =2 SHE =2 Yz d86HK0. A
of A & FJ|= Otel O 2CH. RC-01 AEXes s X242 E2Z32E =
B2 EZFAENZE 0|20 2H =2 & FH 150 mm A E M HESHRCH, =
SH 180 mm A& XM= A SEELE g2 A6t HEGHRUCH. SHCC & RC =&t =
e AEde [0 3.1] ~ [O8 3.4]2 20| SHCCE HIE mI=23c2lE < DW-DECK
Of OFAHE 2Tl CHAISH MI&SHALCH.

<H 3.1> &8Ad &AM
Details Cross-Section p p Cross Section
Specimen (Thickness of Slab i g of SHCC note
(MPa) | (MPa)
of SHCC, mm) (mm) (mm )
RC-01 H=AYH -
PCSH-40-150 40 590 x 150 590 x 40
A
PCSH-60-150 60 30 400 590 x 60 =X 2t
2,200mm
PCSH-40-180 40 590 x 40
590 x 180
PCSH-60-180 60 590 x 60
_ 35 _
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Topping concrete

D10 D13
Transverse bavstbottom) : DI0@ 1, 100mm % N ~

Longitudinal bars(bottom) : DI0
Longitudinal bars(top) : D13 | LATTICE
- @3

SHCC panel
[0 3.1] EFAEH AE(HHE)

Topping concrete

—

SHCC panel I:>

[O8 3.2] A8A HET

AR AT

150

(a) Specimen RC-0A

_;M ig“

= | 590 ) & 590 .
(b) Specimen PCSH-40-180 (c) Specimen PCSH-60-180

| 500 1 & ) 500 )
(d) Specimen PCSH-40-150 (e) Specimen PCSH-60-150

[O3 3.3] AS8ME AA(HHE)
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[ Form Desertion and Curing ]

SHCC

(a) SHCC StEZCIHAE

Top F=24MPa
Pouring of Concrete(Slab
TH 150 180)

il

cHE

Topping concrete
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(d) SHCC THZ=HHE! (e) SHCC HHEH &=

B g

g %
N

(f) SHCC Et&-2 (g) SHCC Et&-3
(A=)
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(i) SHCC Et&-5
(A=)
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(j) SHCC panel 2FAH—{

(k) SHCC a4-2

[O& 3.6] 6tZ PCa SHCC G132 WM& +A
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(c) Toping Concrete 2kAH—1
(H=)
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(d) 2 AEA WY 28Y =

3.3.1 Al30ols THota &

SHCC SIEZZZIHAE SeHE AIBotE MOtAE2 S3RZE et 822 SHCC
UM 2= AMAIGIACH. AEE2 1,000 kN 22| UTM(Universal Testing Machine)2
olgst [0 3.8]0t 201 48 THOtEAIDH [ 3.9]2F 201 40 kg2l AIME 25X (10
kN)E 0|28t S2EGIE2Z U0 2 AIotACH 48 ioteal2 Ao & S22
FH 250 mm X0 XSS HAXGH S=XX SEF SA2H, =F2HNet span)
g 2,200 mZ StRUCH. 2& ot= JtEE A01Q el 700 mz A, 0 S ==
20| &Z25t=F otRUCH. £t BCt HEst ot=Z2 2| f6t0 500 kN 22| 2&
A2 AXIotH =HOIRUCH. AMEH otE MotaEg2 DNEosS, XESHE, SHoEsS
NGt 8.4 KNeZ SHEGHH 0 2ENMA &Y & WHHKA It StUCH. AIHMEE 0
28t 482 ZUGt=E 10 kN2 2 Fot AEsS Ao, A8 dEe sHE
o S X0 HAA(LVT) 2EGHH =HoIRUCH. A" OOIHE=E 2 &8 2F
Hiolef21E 0l8ot =&otCH. ([O% 3.10] &=X)
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IS THOMAIE2 1,000 KN 22| UTM(Universal Testing Machine)S 0|Z3dHX
1] ~ [0 3.12]2F 20| 48 Motgtaloz2 AAIGHHCH. A c

A
£H 250 nm AXI0 HEHS HXGHH SH=XX HESE SHAMH, =32
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P et Ax
| s=750

LVDT(200 mmy)

SHCOC #'RC = 2F
of 5 A5 S Y

c. LVDT(Strain measurements) & X d. S Z&X| Set-up
[O 3.13] SHEX 2= AA
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48 Mot alg0lA SHCC &&= TF-OECK A= X0l HioH 240l 2.680, 4.980 =
LIt 20, AIHEZHE 0|Sotd Al Motas 21 4,181, 5.880 =K LIEFRLCE
Lot B2 48 Mot =0 A TF-DECK M0l Hioi SHCCE H&sst A& M OA
61%, 79% XME0l ZAEULH, AIHEZHE OlSet &80HAM=s 76%, 83T XNEE

EHRLCE.

<H 3.2 =M &= Z1(150mm)

. . Secantstiffness | Variation
Division Spﬁg*gen %Eﬁ? %Hﬂ%’ of experimental | of Secant Note
measured value | stiffness
TF-DECK 16.2 0.60
4 Point
Loading | PCSH-40-150 9.8 6.3 1.56 2.57
Test
PCSH-60-150 3.3 2.97 4 .91
<E 3.3> AEAH As ZH(180mm)
. . Secantstiffness | Variation
Division Spﬁg$2en %ﬁﬁ? %Hﬂ%’ of experimental | of Secant Note
measured value | stiffness
) TF-DECK 12.7 0.77
Uniform
Loading | pooi 49180 | 9.8 3.1 3.16 4.10
Test
(Cement)
PCSH-60-180 2.2 4.45 5.77
_ 49 _
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. E—— e -

—posHaog S 7}21)

g . o PCSHAO A ETIRY)

] —PCSHEO(A A L 7H2)

£ s e PCSHEOATEZERY)

< | —TFDECK( S -2 71)

g 4 —— MY (pesHao( B H 2 7H))

W ; j: 5 — 19 (PesHeO( 7))
i il [ — R M — ¥ (roea R E 2 71)

0 5 10 15
Midpoint Deflection(mm)

[O8 3.16] AIB&GtE &8

P N R sas e M ..,‘."“.““"

sl oPoHe L e——

+ PCSHB0(U)

* PCSH60{DN)

& PCSHA0(U)

» PCSHA0({DN)

* TFDECK(U)

u TFDECK({DN)
—PCSHB0

- — ¥ (pcsHao(DN)
— 4% (TFDECK(DN))

Distributed Load(kN/m)

Midpoint Deflection(mm)

[O& 3.17] AI245t=E A8 (Cement)
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3.4.2 =¢ctolt= &d Zi
SHCC & RC =&Hte &ei22l =8t ot= Mot AEu HE sdE AEHe 2xd
g, EEZO o=, 12l =stots HHUHAL AEu 2l =& ot £ HdE 8L
2 HlWol <E 3.4 ~ <E 3.552 20| LIEtdel, E=48de a2 & SN
150 mm AE Mo LEI2ACIEZ HHGIYCH, = SH 180 mm AEM=E &H =2&E
2T g2 AMEGINH SHCC 2 RC SEHIE=ei=2o AsE 202 Ul wWat| L.
<H 3.4 AgH A8 ZH(150mm)
[Initial
Second slope o Secant
yielding |Max. values Cob :
Specimen after cracks of bar Va:)rfleiﬂ'gxon[)ucti”tystéf;?es
name ratio . :
Disp. | Load |Disp. | Load |Disp. | Load | '0ad (%) y(lkeNI/dmlmn)g
(mm) | (kN) | (mm) | (kN) | (mm) | (kN)
(maarm) | 1.8 [ 11.4]19.3 521463 |59.7 | - 2.40 | 2.7
PCSH-40-150 | 1.6 | 22.7 | 18.0 | 78.1 | 48.7 | 80.5 34.8 2.71 4.3
PCSH-60-150 | 1.7 | 25.9 | 16.6 | 80.1 | 45.8 | 90.5 51.6 2.76 4.8
<H 3.5> AEA AE Z2H(180mm)
Initial
Second slope h ) Secant
yielding | Max. values C ok ;
Specimen [after cracks| “ofpar variationpyct ) jty[StifInes
name ratio . :
Disp. | Load |Disp. | Load |Disp. | Load | '0ad (%) y(lkeNI/dmlmn)g
(mm) | (kN) | (mm) | (kN) | (mm) | (kN)
RC-01-180
(Nominal
bending - - - - - 65.2 - - -
strength)
(Predicted)
PCSH-40-180 | 2.3 | 29.3 | 17.4 | 97.7 | 38.7 | 100.5| 54.1 2.22 5.6
PCSH-60-180 | 2.1 | 33.5| 16.1|106.8| 42.0 |111.6| 71.2 2.61 6.6
_ 51 _
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3.4.2.1 =gty & ds&J}

ot Motoll E =cHE M =2E, UHFEZ2S o5, 2l Jstol
CHHOAS A0l 2let =& ots & M&&= HIWotH <H 3.4> ~ <H 3
LHRACE.

HUAMSEH 2= AFZEZ2O =20t sdiE 8o 24S Hlus 2, &
ot=2 RC-01 A& Ml 52.1 kN, PCSH-40-150 & &l 78.7 kN, PCSH-60-150 && Xl 80
kN, ZE&&EX Qe RC-01 ASHO0l Hloh PCSH-40-150 & &M OGIA 50.0%, PCSH-60-150
AN 53.7% O =2 sUHEZS UEIS20, PCSH-40-180 A& 97.7 kN,

PCSH-60-180 & & Xl 106.8 kN, PCSH-40-180 & &M 2t PCSH-60-180 A& X HlwZ
SHCC = 60mmOilA 1.0% 2 =2 WESIHE LIEtWO. 0l= SHCCE &&st 2223
clE SE=dE=e & UIRE0 28 FHe SHICE HEg, 2t E2Z2232lE =
2o THEH SHCCIH 2.0% Ol QIEHSSH e UK LESEs FE0tH =
T HEZ29 g5 UEsS =2 = UNA =dES AsSd o2 WE0I Sotots

t=2 RC-01 &&Hl 59.7 kN, PCSH-40-150 &/& Ml 80.5 kN, PCSH-60-15

zItHo 0 &¢
M 90.5 kN, ZE=&AS MO dloi PCSH-40-150 A MOIA 34.8%, PCSH-60-150 & %U_HIOH

M 51.6% EIEHLHaﬁ4 SItE UER 20, PCSH-40-150 &8 X2 PCSH-60-150 A/ X dl
2 HEet AEMIL 40mm &S MO BloH 12.4% O =H =ICHLA
a%:'OI Stet 3192 SO RUCH. MW 180mm & EH 2 HE=4dEMdes €4 sE&EZ
T g= ZEZolU2M, RC-01-180 A& XM 65.2 kN, PCSH-40-180 & &M 100.5 kN,
PCSH-60-180 A& Xl 111.6 kN, HlwWZ21 H=AEH S “ﬁlj*Oﬂ HIoH PCSH-40-180 &
S AL 54.1%, PCSH-60-180 A8 X = 71.2% =IHUHE0l SItotA M, PCSH-40-180 &

P 1
b PCSH-60-180 & & Xl Hluw 210 SHCC =M 60mmE &*%@

S A I 40mm A E M
Of Hioh 11.0% =2 =0 RS SIt It JAJCH. =cHE S S 150mm, 180mm
2F0A E=2EHM0l diol SHCC & RC %é%EH':‘OH/H ZIHUE S0t 0IF JA/UL
(¢, SHCC =M 40 mmOil 2Ct 60 mmE &HEet Ad8gHIt O =2 dsS LEU=sE A=
StolotACH
[tctA SHCCE & =st E2ZC2E SE=dE22 R MEH ot HAHNAMLY 2
| & =g = Us FEO U
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Load deflection curve
120 -
) M ——
< 60 : i |
— = e PCSH-40-150- — -
= . PCSH-60-150
> _-/ — « RC-0{Predicted)
3(] _-/ """ B [ | Design Strength
(Predicted)
& @ PUSH 60-150: B0.9 KN
s o PCSH 40-150: 71.3 kN
v, RCDI-150  :S1LSKN
0 | |
0 10 20 30 40 50 o0
deflection of mid peint {mm)
(a) =2 & &M 150mm Bl 1
Load deflection curve
120 - -
90 S ememin
— 60 |
o .
g f =« PCSH-40-180
—
e PO S H -60-150
30 Desizn Strength
{Predicted)
o--® prSH G0-180: 101.8 kN
* -* PCSH 40-180 : 88.8 kN
i . |~ RC-01-180  :65.2 kN
0 10 20 30 40 50 60
deflection of mid point {(mm)

(b) == & S 180mm Hl 1w

K

—

Jy

[O8 3.18] & &N ot=5-B<
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Moment curvature curve

50

‘ — - PCSH-40-180

—PCSH-60-180

40

30

20

MOMENT(kN.m)

r
10/

i

Design Strength
(Predicted)
o= PCSH 60-180:38.2 kN.m
e -« PCSH 40-180:33.3 kN.m

< —» RC-01-180 : 245 kN.m
0.00000 0.00005 0.00010 0.00015 0.00020
CURVATURE (mm)

(a) =22 = M 180mm Hl 1w

Moment curvature curve
50

= - PCSH-40-150 ——PCSH-60-150

40 I

30

MOMENT(KN.m)

20
f
10

Design Strength
(Predicted) i

e-—---e PCSH 60-150 : 30.3 kN.m
+--+ PCSH 40-150 : 26.7 kN.m
< » RC-01-180 :19.3 kN.m

0.00005

0.00010

0.00015

CURVATURE (mm-)

(b) &aHE

£ <)

150mm H| 12

[0 3.19] &&H™l Moment—Curvature =&
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Maximum Load

RC-0 PCSH-40-150 PCSH-60-150
Specimen

(a) =cHE S SN 150mm Hlw

120 -

...............................................................................................

100 -

............................

80 -

60 | N :

Load (kKN)

40 -

20 - o on e 00 Ees

:65.2 kN

PCSH-40-180 PCSH-60-180
Specimen

(b) £ciE = S 180mm HI
[0& 3.20] AEMYE =W 5t= Hlw

_55_

Collection @ chosun




Maximum Displacement

Disp (mm)

RC-0 PCSH-40-150 PCSH-60-150
Specimen

(a) =2HE =& M 150mm Hl

[==)

Maximum Displacement

Disp (mmm)

PCSH-40-180 PCSH-60-180
Specimen

(b) =ciE = M 180mm HI

[O8 3.21] 48HE 20U B HW
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3.4.2.2 AlE4 &}

55t=

1)

o

A
r
10
0o
I
A
10
0o
I
ol
0

Mo

SHCC & RC =g=cH=E2 IEAENA = AF ES
RC-01, PCSH-40-150, PCSH-60-150 && XM= 52.1 kN, 78.1 kN, 80.1 kN, RC-01 &&X|
O HloH PCSH-40-150 A& MIOIA 50.0%, PCSH-60-150 A MOIA 53.7% O =2 &=
=S LHERRECE. PCSH-40-180, PCSH-60-180 A& M= 97.7 kN, 106.8 kNOIlA &t=0ot
ALCH.

M BluZ1 SHCC S 60mmOlA 1.0% 2 =2 WASIIE UEIRHCH, sdE
=0l SHCC &= 60 mmE HE8t &M= 40 nmE XEst MO0 ol
M 150 mmOilAl 1.0360, & SH 180 mm OlA 1.0981 @& S=WH=HO0 =
A EOLEIQUCH. &=otEs [0 3.22] o 201 deiZ= LIEFRC.

Yield Load

--------------------------------------------------------------------------------------------------

120

RC-0 PCSH-40-150 PCSH-60-150

Specimen
(a) E2HE = SN 150mm Hl
(A=)
— 57 —
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Yield Load

120

L T --------------

<=}
[—]

............................

Load (KN)
=

L
=

PCSH-60-180

SHCC & RC =&Y =c2iE Al 242 Secant Stiffness at yielding@Z ZEIIol
[

o9t

OIOIM Kp= ZIIBEL2M, M e g=otss, ¢,& SS5ES UEHO. J4s
Hlwol 23, PCSH-40-180 A&XM= 5.6 kN/mm, PCSH-60-180 &&= 6.6 kN/mm, RC-O1
™M= 2.7 kN/mm, PCSH-40-150 &&Xl= 4.3 kN/mm, PCSH-60-150 A& XM= 4.8 kN/mm
OF LIEtGCH. & M 150 mm AEMOUA EZAE X0 BIoH SHCC =M 40 mm A& XMt
59.2 %, 60 mm AEXOIA 77.8 % =H HItZALCEH.

2t A™EX & S 180 mm, 150 mm 2 SHCC M 40 mm Off HIoH SH 60 mm A& Xt
1.1180, 1.188H =2 LIEFSLCEH.

-
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282 AEM S FMH 150 mm, 180 nm E= HIWSH0 LIEFH JeiZ= ofel [ 3.23]

Secant stiffness at yielding

[* ]

oo
g2 € 8

=
=

Secant Stiffness (KN/mm)

S oW ok
8 8 8 8

RC-0 PCSH-40-150 PCSH-60-150
Specimen

(a) =cHE S SN 150mm Hlw

Secant stiffness at yielding

;oo
= —] =
i |

Secant Stiffness (KN/mm)
1 - (75 T 9
R — B — B

ot
=
|

PCSH-40-180 PCSH-60-180
Specimen
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8 % %)

(b) THOHA!
[0 3.25] =c2HE RC-01 A&
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3) SHCC & RC =&tschHE AEMe 8 2%

2 o QUM DIHE DHE AHE SEHEE 08t SHCC & RC =SB
it & 2% AFEZ2 012610, SHCC & RC SE=20 e EHLEE FHGIY
Ct. CHat A8l A8 20 2fgt 28 W 8 2& =8 202 Hlwoty C
S <E 4.1> ~<E 4.20 LIEFHULCE.

<E 4.1> & a8 280 st 28 e ¥ dAHZE =3 Z D dl2(150mm)
Initial )
Second slope yielding Max. values Design values
Specimen after cracks of bar (Test) (Predicted)
Name Disp. | Load | Disp. | Load | disp. | Load Mn Load
(mm) | (kN) | (mm) | (kN) | (mm) | (kN) | (kN-m) | (kN)
RC-01-150
(Nominal bending| 4 5 | 14 4 | 193 | 52,1 | 463 | 50.7 | 19.3 | 515
strength)
(Predicted)
PCSH-40-150 1.6 22.7 18.0 | 78.1 48.7 | 80.5 26.7 71.3
PCSH-60-150 1.7 25.9 16.6 | 80.1 45.8 | 90.5 30.3 80.9
<H 4.2 & 8o &80 ost 28 e Y dAH2E =3Z D Hl12(180mm)
Second slope Initial Max. values i
yielding . DeS|gn.vaIues
Specimen after cracks of bar (Test) (Predicted)
Name Disp. | Load | Disp. | Load | disp. | Load Mn Load
(mm) | (kN) | (mm) | (kN) | (mm) | (kN) | (kN-m) | (KN)
RC-01-180
(Nominal bending| ~ _ ~ ~ ~ 245 | 650
strength)
(Predicted)
PCSH-40-180 2.3 29.3 17.4 | 97.7 | 38.7 | 100.5 | 33.3 88.8
PCSH-60-180 2.1 33.5 16.1 | 106.8 | 42.0 | 111.6 | 38.2 101.8
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4.2.2 SHCC & RC =S&=d22 Hl
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[

50
i Nonlinear Analysis
40 — RC, 150 mm
= L ___ |- PCSH-40-150
pa P T Gl PCSH-60-150
= 30 1y=— " T T T T ~-<
= 7y
prd B /; /
Y 201
@) /1
= s .
10 J'i Slab Thickness = 150 mm
! (&4, = 0.003)
| I | I | I |

O,
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(a) =cHE = S 150mm Hlw

50

Nonlinear Analysis
_ RC, 180 mm
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Slab Thickness = 180 mm
(&5, = 0.003)

0 | I | I | I |
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B Nonlinear Analysis
RC, 150 mm

------------ PCSH-40-150

------------- PCSH-60-150

Slab Thickness = 150 mm
(e, =0.003)

| I | I | I |
40 60 80 100
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(a) =cHE = S 150mm Hl
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Nonlinear Analysis
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<H 4.3> AE0 28 28 WA L HIdEEsHA 21 H W (150mm)
Nonlinear Analysis
Test (Design strength)
. Ini Ini
Specimen y|eld|ng Max. values y|eld|ng Max. values
Name of bar of bar
Disp. | Load | disp. | Load | disp. | Load Mn Load
(mm) | (kN) | (mm) | (kN) | (mm) | (kN) | (kN-m) | (KkN)
L 21. 54.5
RC-01-150 19.3 | 52.1 46.3 | 59.7 | 21.3 | 53.4 (19.3) | (51.5)
N 30.7 77.8
PCSH-40-150 18.0 | 78.1 48.7 | 80.5 | 22.9 | 78.5 (26.7) | (71.3)
o 34.4 87.0
PCSH-60-150 16.6 | 80.1 458 | 90.5 | 23.9 | 88.7 (30.3) | (80.9)
<E 4.4 A&0H 2 =26 e L HidsdiA 20 5l (180mm)
Nonlinear Analysis
Test (Design strength)
, Ini Ini
Specimen yleldlng Max. values y|e|d|ng Max. values
Name of bar of bar
Disp. | Load | disp. | Load | disp. | Load Mn Load
(mm) | (kN) | (mm) | (kN) | (mm) | (kN) | (kN-m) | (kN)
RC-01-180
(Nominal
: ) B B ~ 26.5 68. 1
A?Séi?éi) 17.9 | 66.8 (24.5) | (65.2)
strength)
N 38.8 99.5
PCSH-40-180 17.4 | 97.7 | 38.7 | 100.5| 16.8 | 98.9 (33.3) | (88.8)
o 44 1 112.4
PCSH-60-180 16.1 | 106.8 | 42.0 | 111.6 | 18.4 | 113.0 (38.2) |(101.8)
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Bl & offid 20, B8 dgie 2
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LEEFRLCE.
WotALH. AEHAMME HAdZWUUAME SHCC IHES HES Ao 23S UAFE2
S=A A & M 150mm, 180mm &= PCSH-40-150, PCSH-60-150 /& XMJt 1.13

Bi, PCSH-40-180 ZC+ PCSH-60-180 &&MIJt 1.14 B &=UW=0l SItotR LB, =
t& Al PCSH-40-150, PCSH-60-150 &l MIJF 1.1281, PCSH-40-180 2Lt PCSH-60-180 &
SHMIE 11381 == & WH0| e Hss Led X222 HSsEALH
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Hl 12 ( 150mm)

<H 45> SHCC &£ RC =gt=diBo algZy, 23 E25, HEEA
Max. values
Specimen Test Design strength | Nonlinear Analysis
Name
Mn Load Mn Load Mn Load
(KN-m) (kN) (KN-m) (KN) (KN-m) (KN)
RC-01-150 23.3 59.7 19.3 51.5 21.0 54.5
PCSH-40-150 30.3 80.5 26.7 71.3 30.7 77.8
PCSH-60-150 33.6 90.5 30.3 80.9 34.4 87.0
<E 4.6> SHCC & RC =giscdiB9o Algdn, 28 E2AS, HIA8oA Hlw(180mm)
Max. values
Specimen Test Design strength | Nonlinear Analysis
Name
Mn Load Mn Load Mn Load
(KN-m) (kN) (KN-m) (kN) (KN-m) (kN)
RC-01-180
(Nominal Analysis) - - 245 65.2 26.5 68. 1
(Design strength)
PCSH-40-180 37.7 100.5 33.3 88.8 38.8 99.5
PCSH-60-180 41.8 111.6 38.2 101.8 44 A 112.4
_ 96 _
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SHCC & RC =gf=di2l A2t 33 2%, Hidgaid ZUE Hlwol <HE 4.5

~ <H 4.6>01 LtEHLICEH

HID Z3 & S 150 nm, 180 nm & OIS AS HIL GHACH MOHAE 2Dt
o ZF H YT LA IURES HID S O, RC-01, PCSH-40-150,

PCSH-60-150, PCSH-40-180, PCSH-60-180 A& XIJF 1.168H, 1.13BH, 1.128H, 1.130H,
11600 =2 &&-i0l O = LiEt&C.

MotagdZutet Hid=goidumel =stfsg  HlwllAd= RC-01,  PCSH-40-150,
PCSH-60-150, PCSH-40-180, PCSH-60-180 & & MIJF 1.18H, 1.048H, 1.048H, 1.018H,
1.08f =2 M HIZSHA 2080l HIoh A&Egt0l O =4 UEIL oi& 0 28t 2t
= g0 28 HEs S4ds HlndE & s & Aoz seHE.

& 2 2% A "ol gtitel 38t Xt0l= RC-01, PCSH-40-150,
PCSH-60-150, PCSH-40-180, PCSH-60-180 & & 1.098H, 1.08HH, 1.128H,

1.16802 HIdE oA g0l SH =H HSZ UL
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ﬂ—
—
O
D
T
0
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<H 5.1> ZHHL™

= e Hl D
A ZTZocoFHA A= ZA
CH XIS X EZAAN AR NEBES
XX 2 CAXS, SAAMAXN, KPR HE A
= AR2AE(ZSE A
Ol &2 At 23| Z Al 5
(£71=2) (DY)
CH K& = :
3,510 m 7,020.4 o 10,530.4
(1,061.78 &) (2,123.67 ) (3,185.45 H)
H=EHHA 2,138.56 m (646.91 &)
K| A 6,072.55 m (1,836.95 &)
RS XI &t 538.43 m (162.88 &)
=y 6,610.98 m (1,999.82 )
HEH S HA:
= 30.46 % 0.0 %
EF<E
2XNE 83.52 % 1300. 0%
(=XEH2)
e Xt 1&, XA 55
2 D=0 27.6m
Q202 THK24 20I2E2R¢2], stAA, d20IsAE, 220
EF<E
TAHAHA 3,201.0 m (968.3 ) / 45.60 % CH K & & o)
15% O] At
EF<E
i K| At 69 CH (ROHQIZ=XIE 3CH ZEH) 64.02CH
=xt (1CH/100m")
= 13
ot
= 69 CH
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5.2 AN EZ8tH (Half Precast SHCC £ RC £&tdl &

= Ul /|

SHCC S&Etg2EAAEES OS [2™
= [O8 5.5]% 2.

Topping concrete

E SHCCpanel

[0 5.4] GtEZZE2HAE SHCC & RC SdiE HEHE

SHCC panel

(a) Half Precast SHCC Slab

Top Fu=24MPa
Pouring of Concrete(Slab

TH 150 180)

Topping concrete

(b) Half Precast SHCC 2 RC Slab
[DE 5.5] ot EIZZ|IHAE SeHE AN(22E!)

—_—= o =2o
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k. Z2IIHAEIYE &xa2 | . Topping Concrete Et&-1

m. Topping Concrete Et&E-2 n. Topping Concrete Et&e=

o
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8 A 2x ZE nE

ol

1)

T & AT

35} %=2,400kg/m2 x 0.16m(slab F71)=360ka/m2
A=

3
FAEF=0A3F x 50%=180kg/m?2

29 8}F=150kg/m?2

e,

W = (2,400kg/m2 x 0.15m)+(360ka/m2 x 0.5) + 150ka/m2

= B690kg/m?2 = 0.0690kg/cm?2

(1) AFRE @ Ply wood THK 12mm - 24 w27k 2499
@ SFAMHDAZ 1ncl] 831 5HF)
W = 0.0690ka/cm2 x Tem = 0.0690Kg/cm
@92 FANAL 18 AA2AN AN A ssemz A4S
Mmax = 1/8W£2 = 1/8 x 0.0690kg/cm x (45)% = 17.46kg.cn
Z=bh/6 = 0.24cm3
# Y E = Mmax/Z = 17.46kg.cm/0.24cm3 = 72.75ka/cm2  {Fb
= 240kg/cm2 T OK
@ HAZE
dmax = 5WI%/ 384E
=5 x0.0690 x (45)* / 384 x 7 x 10*x 0.144

frcm
<o0.
cm

oK

ol

1. ot A&

2. HEZY REYE

(2) FHAAE : B|$4A 90+90 A1 - el jA12+3 249
@ FFAAL: FeAlZr AL 90cm 2 7HEste] A 186 FEEs sFAE
W =0.0690 kg/cm2 x 45cm = 3.11Kg/cm
@¥2E
Mmax = 1/8W02 = 1/8 x 3.11kg/cm x (90)* = 3,148 9kg. cm
db = Mmax/Z =3,148.9/121.5 = 25.92kg/cm2 { Fb = 105kg/cm2 " OK
@AYAE
omax = 5W2“/ 384El
=5x3.11 x(80)%/ 384 x 7 x 10* x 547
=0.07cm < 0.3cm “OK
@ ADZE: BA9) e ddd A ZEE Aot
Vmax = 1/2We= 1/2 x3.11 x 90 = 139.95kg

9b = Vmax /A =139.95 / 9x9 = 1.73kg/cm2 { Fg = 7.5kg/cm2
oK

(3) BN ZE : =|$2A) 90+90 AME - Fo|ZAEE dlA|2hA ARG w3 dNRER
ALY R 2L o] Ade
@ SFAL: Bel] 186 e 830 E
W = 0.069kg/cm?2 x 90cm = B.21Kg/cm
@322E
Mmax = 1/8W% = 1/8 x 6.21kg/cm x (90)° = 6,287.6kg.cn
8b = Mmax/Z = 6,287.6/121.5 = 51.7kg/cm2 <{Fb = 105kg/cm2 " OK
@ HAZE
dmax = BWE%/ 384E1
=5 xB6.21 x (30)% 384 x 7 x 10* x 547
=0.014cm < 0.3cm oK
@ ADZE: EAo} Ao Add AT 2EE #}

Vmax = 1/2We= 1/2 x6.21 x 90 = 279.8Kkg
8b = Vmax /A =279.8 /99 = 3.4kg/cm2 { Fg =7.5kg/cm2 O

4. Hol #xE&E

P = 0.0690kg/cm xfx 90cm = 6.212.Kg

@325

9b = Mmax/Z = 6.21£%/1215 { Fb = 105cm

=02 {105 x 1215/621 = 2054.3

W= {45.3cm

© ABZE: B2 WAL AADE 45cmE
Qmax =P = 6.21 x 45cm = 279.4

T=K.Qmax /A =15 x279.4 /9x9 = 6.2kg/cm { Fg =7.5kg/cm = OK
@AYEE

dmax = P£°/ 3EI

=279.4 x(45)°/ 3% 7 x 10*x 547 = 0.22cm < 0.3cm OK

a

) Pipe Support ZE&
@ stFAT
Pipe Support H-&53513 2&
N =0.0690 x 90 x 90 = 558.9kg
Pipe Supporte] #&8t5& A E(Fs=1.3)
HE3h AR
N =5668.9kg < 750kg/1.3 = 577kg "~ OK

5. HUlH=E #xZEE&E
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0¥
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7. B2 8. 23dc2lE &4

9. 2d2IE B& &= 10. HEE ofld & XHAHEC

- 113 -

(“)Collection @ chosun



OS <HE 5.6> ~ <E 5.7>2 Truss Deck(T-FUIZ) 2YO AIZUAS LIEIH o2
T-F 03 282 8 HZEE A dasse DEGHD, 828 025t & &2 2 A
2 22 28 0] BES 2XFE , 2HEECZ Z3ILIEE Ei&ole 20|
Ct.

. Truss Deck B+l

3. YAl HXI 4. TRUSS DECK &I

’ A
[TRVANS

| LAV

5. Truss Deck ~ONES 6. Truss Deck &Xl &=
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<H 5.7> Truss Deck 2g-2

A
E

Fi

9. Truss Deck &XI(RXI=)

10. 232E &4
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£5 2. @MOIZE UOIH 2E

1) SHCC =eiE 28 HIoIe 2E

NAME SHCC SLAB PROCESS LENGTH 10000 CYCLE 16
NETWORK INPUT

1 QUE "ZH0IZ =4I

2 COM "SHMIZ" SET 2 PRE 1 3 FOL 3 4

3 QE 'EE=3A

4 QUE 'RHIHEHY =dI

5 COM 'Ht&=+=E= &X' SET 5 PRE 4 6 FOL 6 7

6 QE E=E=238

7 QUE 'CHOI'

8 COM '&E2 Btel' SET 8 PRE 7 10 12 FOL 9 10

9 NOR "HEL XK Bt SET 9 FOL 11 12 13

10 QUE "EZ23A°

11 QUE '€ E=Z3C

12 QUE "=l

13 QUE "E 282 Z=HIA'

14 COM "& X, Jls E2612" SET 14 PRE 13 15 FOL 15 16
15 QUE 'E238'

16 QUE '"HEZ A X =4l

17 COM "&& X, Jls AFEEX" SET 17 PRE 16 20 FOL 18
18 QUE "CHOI"

19 COM '2 HEZ &X' SET 19 PRE 12 18 FOL 12 20 21
20 QUE '¥ES=30

21 QUE 'scdiE&X =8I

22 COM 'SHCC=eHE 2= 2 &X' SET 22 PRE 12 21 23 FOL 12 23 24
23 QUE '€ E=3E
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24 QUE 'E2Hi2 =HIB'

25 COM 'sdi=2, 2 E2 =" SET 25 PRE 12 24 26 FOL 12 26 27
26 QUE 'E23C'

27 NOR '2 E 282" SET 27 FOL 28 29

28 QUE 'E230'

29 NOR 's=ciE E2Hi2' SET 29 FOL 30 31

30 QUE 'EZ23E’

31 FUN CON 16 'CON16' FOL 32
32 QUE 'Etd Z
33 COM "Bt & = X' SET 33 PRE 32 34 FOL 34 35
34 QUE 'JIEt oIF
35 FUN COU FOL 36 QUA 1
36 QUE 'sciE A 22"
DURATION INPUT

SET 2 DET 0.5

SET 5 DET 0.5

SET 8 DET 0.0625

SET 9 DET 0.1875

SET 14 DET 1.0

SET 17 DET 2.0

SET 19 DET 1.0

SET 22 DET 1.5

SET 25 DET 0.1875

SET 27 DET 1.5

SET 29 DET 0.5

SET 33 DET 55.0

RESOURCE  INPUT

I =l

0l

16 'SHHE =dl" AT 1
1 'HESSA AT 3
1 '2ES3B' AT 6
1 '88=3C" AT 10
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2) JIZE M4 =ciE 289 dIoIH

NAME NORMAL SLAB PROCESS LENGTH 10000 CYCLE 16
NETWORK INPUT

1 QUE "=H0OIZ =4I

2 COM "SHMIZ" SET 2 PRE 1 3 FOL 3 4

3 QUE 'HE=SA

4 QUE 'RHIHEHY Z=H|

5COM 'BtY +=®= &X' SET 5 PRE 4 6 FOL 6 7

6 QUE 'E€E=38

7 QUE 'CHOI'

8 COM '&E=2 Btl' SET 8 PRE 7 10 12 FOL 9 10

9 NOR 'AFELHA BHY "' SET 9 FOL 11 12 13

10 QUE 'EZ23A

11 QUE '€ E=3C

12 QUE 'ZdIel’

13 QUE 'E 282 ZHIA'

14 COM 'S HMl, JIs E2HH2" SET 14 PRE 13 15 FOL 15 16
15 QUE 'E#Z238'

16 QUE 'HEEEX =dI

17 COM "&& X, Jls AFLYEX" SET 17 PRE 16 20 FOL 18
18 QUE "CHOI!

19 COM '2 HEZE &X' SET 19 PRE 12 18 FOL 12 20 21
20 QUE '€ E=3D"

21 QUE 'sdiE2&£X =4I

22 COM '&, Holl, SHiel €& SET 22 PRE 12 21 FOL 12 23
23 QUE 'CHII"

24 COM "&«, Hol, stdiel &X' SET 24 PRE 20 23 FOL 20 25
25 QUE "AHAEELX =4I

26 COM 'sciEANFE =" SET 26 PRE 12 25 FOL 12 27
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27 QUE "CHOI

28 COM 'schHEHEE &X' SET 28 PRE 20 27 FOL 20 29

29 QUE 'E2Hi2 =HIB'

30 COM 'sci=, 2 E2 23" SET 30 PRE 12 29 31 FOL 12 31 32
31 QUE '#23C

32 NOR '2 ZEZ2HH=22" SET 32 FOL 33 34

33 QUE 'E2
34 NOR '=¢
35 QUE 'EZ23E

36 FUN CON 16 'CON 16" FOL 37
37 QUE 'Etd & =HY =d'
38 COM 'Etd & =&Y

39 QUE 'DJIEt oI
40 FUN COU FOL 41 QUA 1
41 QUE 'scdiE SA 22°
DURATION INPUT

SET 2 DET 0.5

SET 5 DET 0.5

SET 8 DET 0.0625

SET 9 DET 0.1875

SET 14 DET 1.0

SET 17 DET 2.0

SET 19 DET 1.0

SET 22 DET 0.25

SET 24 DET 1.0

SET 26 DET 0.25

SET 28 DET 3.5

SET 30 DET 0.1875

SET 32 DET 1.5

SET 34 DET 1.5

SET 38 DET 64.0
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RESOURCE  INPUT

16 "HHZ =81" AT 1

HESSA AT 3

HE=SZB' AT 6

C' AT 10

EHIZ AT AT 11
1 '3dIe AT 12

1

1 'E23B' AT 15

D' AT 20

1 "#23C" AT 31

1 'E#230" AT 33

1 "E23E AT 35

1 'JIEf 218" AT 39

END DATA
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