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Abstract

A new precast concrete (PC) beam and column connection system using non-prestressed wire strands was recently developed.
The system is composed of one unit of two-storied PC-column and PC-beams with U-shaped ends. The connection part of the
column and beams is reinforced by deformed bars and non-prestressed wire strands in combination for the improvement of
workability. Structural performance of this system was verified by several experimental studies.

The purpose of this study is developing a design concept of the beam reinforced by deformed bars and non-prestressed wire
strands in combination, in terms of the cross-sectional analysis, based on the preceded experiment. A minimum and maximum
reinforcement ratio and the calculation formula for the strength of flexural member reinforced by reinforcements having different
yield strengths are derived based on KBC2009. Under consideration existing research results for the application of high strength
reinforcement bars, the design yield strength of the non-prestressed wire strand is suggested. An example for the cross section
design, satisfying the serviceability requirements, demonstrates the applicability of the design concept developed in the study.

Keywords : Non-Prestressed Strand, High Strength Structural Reinforcement, Cross-Sectional Design, Reinforced Concrete
Beam
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Penetration of column
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Fig. 2 Detail of beam—column connection
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Table 1 Specified Yield Strength of Reinforcement (14Pa)

KCI ACI318 | ASSHTO | Euro

Reinforcement | - oy10) | (9012) | LRFD | code 2 | TOF
Main Bar 600 560
Shear 520 600 490

500 420

Reinforcement
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2.1 2L dA7IE ¥ MEoig
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Fig. 3 Detail of beam specimens

Table 2 Material test result of reinforcement

Reinforcement | 26 | (&0 | o | 10
Steel bar—D22 486 2634 184510 630 69806
Steel bar—D25 | 442 | 2292 | 192866 | 619 212196
Strands—015.2] 1745 | 8729 | 199904 | 1951 24684

f,+ Yielding Strength,
f.- Max Strength,

e, Yielding Strain,
e,. Strain at f,

20 s=rzxsFCeXpE|Rss =27 X173 RM45(2013. 7)

N

AL SF-A91RAS epglor, oln Table 3¢
BA o (P,,)e AT e FuE
83 Qe FANE BPE A ()& AHgd] A
H9iek 21 APAY WHAE st 2 dRAe] Ao
(P, )2 AE ohiv] 1.0~1.2802 Jepge), 3k 7t
199419 3487 Az, BAAN] (p=p, +p,)7} EEF
APAY Aol FRA7) A Y (Kyepor ) 24
shom], o oo Y (Kp,,)E B i)
APALFS 2 epgoA 85 A
AFANe] TN sk 398 ddt

o \__
ol ZRAF AT

1

N

e
2l

= (A f,+A,f,,)d—a/2) (1)

Fig. 5% A9 A0} 2225 A7z AAE A
A2 A 492 dehia olek 23t ol 2 Al
S15-g e o] duEE a57N) AL ol
0] A} 10% ARG FAkE Ak molaL glo

Table 3 Test result of specimens

P p¥ | pY | p 9| p Stiffness (N/mm)

ex Yy max max

Specimens @ | @ | @ | @ P | Kypgure I K,

D3WOY 1.04 183 166 183 1.00 | 3898 165
D2W1 0.76 166 131 182 1.10 | 3246 505

D2W2 0.83 219 154 239 1.09 3151 910

DIW2 0.48 148 78 180 1.22 2777 936

DOW3 0.20 132 - 145 1.10 981 981

D (3—D25)+ (0—#12.7), 2) p,+py 3) Expected Strength
4) Strength of Specimen in Yielding Point of Deformed Bar,

5) Max. Strength of Specimen, 6) Before Yielding of Deformed Bar,
7) After Yielding of Deformed Bar
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Fig. 5 Comparison of displacement according to load
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Table 4 Comparison of Strength by Section Analysis and Test

Test Section analysis
. - b Pmax.t(’st
Specimens Pl/l) Pma_xZ) P + P 3) Pyl) PmaxZ) P + P 3) P, dysis
(k) (k) T (kN) (k) T
D3WO0 166 183 0.93 177 183 0.97 1.00
D2W1 131 182 0.78 121 164 0.80 1.11
D2W2 154 239 0.70 135 218 0.69 1.10
DIW2 78 180 0.55 62 148 0.56 1.22
DOW3 - 145 - - 131 - 1.11
1) Strength of Specimen in Yielding Point of Deformed Bar,
2) Max. Strength of Specimen,
3) P, =48.6kN :Self Weight and Loading Frame
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Table 6 Yielding check of non—prestressed wire strand

)] 2) 3)

Specimens Py p Pr Result
D2W1 0.68% 0.07% 0.956% < 1.223% Yielding
D2W2 0.68% 0.13% 1.193% < 1.223% Yielding
DIW2 0.34% 0.13% 0.853% < 1.223% Yielding
DOW3 0.00% 0.20% 0.790% < 1.223% Yielding
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Table 7 Comparison of 2,/M,

_ MM,
Specimens A2 A‘Z —
(o) | (mm) Test Section | g (o))
analysis
D2W1 1113 1404 0.78 0.80 0.73
D2W2 1211 1793 0.70 0.69 0.62
D1W2 704 1286 0.55 0.56 0.50
Dp1w2-1" 839 1286 - 0.66 0.60
1) Modified D1W2
M, A_ o M
M, 0.92 a,- Q I, (24)
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= A% 7 el guel W q1gee)
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= nes o8 59 2

A 0.92—Q
p J.Ja aa
| < Q0 —0.92 (092> Q >0, kKQ >0.92) (25)

S

o714, At IATEES WEah= Ay vl
a2 Bl kQ < 0.9290 A, 4,/4,5 W
=3l ek
Table 70 AdaATelx 38 FAFS pFoz A
¥ 2 (24)F ARE3to] Fujskael vt o] sk st
29 vl (M,/M,)E FERIT) AEAD Ak 2 (24)
ol 2Js ARE glo] A} dulsfel el g hiZe
2 F oFah 2R Yekor, O =0.62% 7%
739 DIW2 A3A= /\]—%6]—301]/\1 o] T A
FHEA] 71E2E 288 5 e 3o® Vgt wehA
21 (25)° k=3.94, Q = 0.6 243t DIw22] Z4Ax
B (A,)& AXtSHE #Hd 0.2224, 0|22 FU3 A=
=2 gAslAA ALgEEA Ho] SEsA] = HIy)
AN BAAAE 247k 687, 152mm o] Frk
ole} Zo] 2 (25)F AREate] AREalsollA HZo]
7y e) wilsH)E Agsta, d3) A7)
0] o2 o] HII nizlAde] 8 vl

BRI E P A, e D A2 B BAR

AT a9k B2 vel MR
6

q 14 7o) %%HHEL% SR
o) Fd Al 91l 1 QAN EaE A

= — &), 1B AZFEUFE (e,)2
R R S =i\ w031 o B |

9 oy CBEFAEY siskgh) 2 g (At diellA
FAHNFES Bk AP e olgde] Fazow
A7V wepa] oAdA | AEl0] Hofd FAES

7] S18l, A nizlgrtAdo] E8altE Kol Aolsh
FAEA, AL , @A 55 aEste] I A
k!

1 O,
IS Al_ketaat gk

O

Wy, = ls,max <85m —&m 8(:s> (26)

ol FAEAE aAsh] S8, Hlx g Al
3t 7]E (Noh, 2012) A¥2HE H7IAgAM] &
ZE Hakego] o] Hl T tin] 70%= Aot wel, 7]
oA xiw e 2 B S 70% A3ste] ARSI
Joldt FHATE s A, 4o 4584 AAlE
Hiel o] A}%—a‘}goﬂﬁ Ho] dEA]| o= S B
Agsto] A2z FAxe SHo] Y3ttt
oldt 27 1l v AS y2shy] fsl, At Al
WAMG7F 242 n, mQl B bl §19] H o 2 HE] <
A whde] w1 ZAYE
EM l‘%iPEﬂ01 ‘f‘& 208 ALstar, AAde] Faty-at
_]
A

¢

_1&{
)
r o
o
2
kE
5+
=2
2

l

= ;ax 77y, (nd, + 0. md, )
= %(om —0,.p)(nd> + mdi) (26)

T nd2 + md2

27—[)k nd +0.7m d

ls,max = (UkQ - UkE) X 27

SR E TSR R Bk =28 H17H M45(2013.7) 25
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4.6.1 FH
1 nd® + mdf7

Lomax = 3.6p,..; nd,+0.7md, (28)
4,62 TANE <

s nd? + md%
I fo 1 : r (29)

simax 21y 1+ aepg o p ndg +0.7md,
AT, Ly max BB, €0l na S BHETE =3
AGE, 11,18 BEEAZNLE, 437
o A2, d,74AH WAHoT B A, 5, HEAR
] (= Ps.ef +pp-,e,f)’ Qe = Es/Eci = EP/ECi’ fe2: <

o] whgE 9lo] A (=3

SkolM 71Edt didAlaEle] BAY nEERE R
Aol AmAIGel g FEGE Ul FERGE] =26}
3, Aol 3l o] Feole FREAPAR e} e
ks Flsglon, FEZLTL dolst Aot vt
Aol g FRAE WdoR FRAAVIES Wt
= A ARkt

AEAHel| W Ao FEwe} AP E (1745
MPa, 0873%)s AAZELE (f,) AATEIIE

)
(,0)2 AHEE 7 71F0lM a7shs FENPE v
(1.746%)°l Pz A2 HERFEL W=A7)7] SJshA

Table 8 Max Strength according to f,,

AL
(i
2
2

e AANE (pmax)®] FEEE 442MPa
1] 9] ok 36% % AA 7HAaslojof s, FAo] Hu)
R)) B3 41%% AA| 7HAshs 0= UERT
Robert F. Mast et al. (2008) % Hong (2010)%] 173%=4
o 690~700 M Paoll et 71EATAE & u, v]7187A
Ao AAFEALE 700/ PalZ AE3h= Zlo] Ful7}
ot shdEm ) Aadgela e AATFAE e
2 HRIAEAAS AAREHEREE (g, AAZELE
(fo)E 217 0.35%, 700 M/Pa i 285t Tasile AA
aho, QIR e] M Ee] wE o] PS4
o] 7HekE (P)oE Wkl o) sigshs AdA WY
£ A3 vlolHZNH 3o} Table 90l YERHGIOH, HAdH]
7} 71 & D2wW2 Al tigt AEAE Fig. 700 YE
iie.

ey Aap 5= AAlelA, Rz ] WMEE)

ooy e e
=
o
Ao

oY
i

15

niA
=

N (oo

Table 9 Section Analysis with ¢,, =0.35%

fpi (MPa) 442 700 800 1000 | 1300 | 1745

Prms (%) 156 | 116 | 1.05 | 089 | 072 | 057

R, =My, /f.bd> | 024 | 019 | 017 | 015 | 012 | 0.10

Ratio of pyme | 100 | 074 | 068 | 057 | 046 | 0.36

Ratio of R, 1.00 0.78 0.72 0.62 0.52 0.41

26 =rzxsECRXYE|Rss =27 A17E XM45(2013. 7)

Test Section analysis
< D . ] 2) 3) @ B
Specimens Pmax Omax €y €. P 0 \‘) \B)
GV | mm | @ | @ | &V | m) | © ®
@ ® © ) ® ®

e’ |0113]130.2| 398 | - | 6.03

D2W1 | 182.0]240.0 S
1337 | e, |131.7| - | 138 | -
e’ 012311525 | 470 | - 3.79

D2W2 | 239.0|178.2 =
1211 e, [1537| - | 155 | -
e’ [0.091] 790 | 272 | - | 549

DIW2 | 180.0|149.4 >
1619 &, | 876 | - | 205 | -
e’ | 0.067| 266 | 266 | - | 662

DOW3 | 145.0 | 176.0 S
1853 ] &, | 553 | - | 262 | -

1) Displacement of Specimens in P,,, Point,
2) Strength according to Strain,
3) Displacement of Specimens in P Point,

4) £,,=0.35%, 5 e,=03%
300
mn
250 _“:7_ ¢ —
- - """b-——-—..‘
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Fig. 7 Over—Strength and Ductility of D2W2



£, =035%% W ZIE AFAT] WPEL ¢, 9] 41%
ol allgsh= 0.123% ©lstE E}} on ZIE Q=M
59| ¢, =0.3%c] F2e ) Ao APEL ¢ ;9] 3.46
Hfel] sz 1.211%% Z3Fslo] HAs8HE 0.7%% W
Foho S0 HEpRT

ARl Hﬁlmgo] 7‘71 w ARAE drgow

A 2 ‘u A S ﬂ%ﬂ A3A l HojskzAl AA Hel
H] (B/®)+= 3.79~6.62% e} AREARI AZFIZE
Z50] o AXAGE 36 (Park et al,, 1975)2 T=5dR= 4
o= AEHTE 53k whdsidel oJgt Hojjsls oiv] A3
A Hoskse] v (A/E®)E HES A, vizig7lAe] A4
AFEZE 700 M Pa< 2830l W o7 1.38~2.62
2 et weba vjz187dsde] fRAela AASHEA
FES 035%E A8k A Bde 2o dvkdnh

all

6. Ho d7of|
o B1E HE AlARe] A w)idle] &
SHllE BE O E 2 Aol Ak AAMHE 2
g3te] tha Fig. 87 22 Z2719] Hof st A S o
Alstarat g,
6.1 XA, E|CHZXHH| AP™
k= f,alf,= 1.75, &,4= 700/2x10°= 0.35%
Prmin = 0-247+/ fo /f, = 0.321% (13)
0'85/61f(tk &y
= = X = .
Pk.b Pos + kpbps fy Spy + e, 0.0225 (8)
. T &
Pr,max = Qél’szk"’ =1.463% (15)
- 0.321% < p,, = p,+ 1.75p,, < 1.463%

ﬁl—i,— Wire strands Span, L= 5000mm
Rebars IE S b= 400mm, d= 530mm

fa=27TMPa, fy: 400MPa
f,u=TO0MPa, &, = 0.003
My,= 100kN:m, M, = 134kN-m

600

h=

b=400

Fig. 8 Design of simple beam

6.2 AQZE0 WE HiZH| Z2H

M, . o7e =350/0.85=412kN.m
A2} w2 Pdo] £4 ulE B vwe] PPug
AE] Slal A (16 AM8sha Fofad wel Wt Alg

3= W M, = 412kN.m S 283k p, ol tiste] gz

Mz:Pkbd2fy(1*0-5gﬁkfy/fck) (16)
3928442 — 44944p, + 412 =0

Sopp = ps+ 1.75p,,=1.005%,

©0.321% < p, = 1.005% < 1.463% — O.K

6.3 AEoIS0IM 20| &=oHK| = = EE

Q=M,/M,=0.667
0.92—Q
<=4 =1.
A, < 20— 0.92 A, =1.034, (25)
required A, = 762mm?, A, = 784mm?

2= D22+ T—B15.2 (A yeq = 2155.8mm”)

64 AQ Bz ZAE

pk,used == (AS + 1-75Ap5)/bd == 1-017%

Mn = Pk b dey(l —0.59 pkfy/f{k)
= 416kN.m = M,/® = 412kN.m — O.K

6.5 X% dE

A ol

YoA] AFEslENA] Hto] AESIA] = oM HlE
ARg-sto]

¢
H7} ARG OB R S AR AR
Awshd tedt g,

Riis

f,=3.3MPa, E,=27804MPa, n=FE,/E.=17.2
I =72x10"mm", I,

M, =79.2kN.m, M,,, = 167kN.m
I, = (Mr/Mz)dlg + [1 - (Mr/Ma)d]](r

=146.2mm, , =2.06x10mm*

e

L p=4.6x10"mm", [ ,,,=2.6x10"mm",

e, ,SUus

SR E SR pE| st =28 H17d M45(013.7) 27



Table 10 Comparison of w, According to Reinforcement

H Z Zk- Pk Pr.max *117r &t I(:r fZ ls,max _ Wy,
Reinforcement d | @) | @ @ || @ | @m) | e | m) Eom ™ £om ()
2— D22+ 7—915.2, D 1546 2156 1.017 1.463 416 1.692 [2.06X109| 314.5 219.7 1.26X10-3 0.276
7—D22, @ 2709 2709 1.278 2.090 510 1.285 [2.82X109| 213.3 149.9 7.63%x10—-4 0.114
/@ 0.57 0.80 0.80 0.70 0.82 1.32 0.73 1.47 1.47 1.65 2.42
Ly, =226x10"mm* uebA AxTES FAIR 795 v Atk
5M,L*
A= gy =10 W = by (£ = £0) = 0.276mm
A, p=204mm, A, =602mm, A, ., =9.70mm <w, =0.4mm — OK
A@LZALD+L—ALD =T7.66mm _ )
919 oA BE AToznt WSt A9 BAEE A
Al 93 &4 A7) Y wlT 2| A 3= & 71— D22(A, = 2322mm?) 7} =, A9 w1
apeEze] iste] AlE 5ol A7) % % Eshd v} Aol Egullel Bo] Aol vjwate] Table 100 HERY
23 2k A=2.0(A4E5d) ok Ay Ao E8uE K HEowR vie
Aowr) 7]—xHak (Z)O] ok 40% 7rA, dAuhHEaiRdE
WA A =19.70mm > L/240 =20.83mm — O.K ()= 17%40324, d2% (w,)°] 142%7F S71stSict o]}
ol A3 7“’4“01 Sl e Homw v
6.6 #EE AE HO| AR ARa o)A Fokst Zls & 4 Stk

Slellr Alrke dIa} ddide] vl Hell diste]

'—Ig UEO}DEI E}"—“’]' Z:_h:}

d, =22mm,d, =13.3mm, E,; = E,/0.85=32711MPa,

a=E/E =172, a, =E/E,;=6.1, f. =3.3MPa,

fo=M(d—c)a/I, =3145MPa, h

cef

A, .; = 60506. Tmm?, p, o= =(4, +4,) /A, o =
ps.ef ><f52 = 804>fr( )(1 +aeps,ef) =

o]

=}

oY

3 A3t AN PR
ZAENA 9 BFAGEL The T} 2
1 nd> +md12,
l = =219.Tmm

WA 3.6p,,.4 nd, +0.7md,

&

s2

Esr2 = f;( )(1+a6ps,cf)/(ps,@ng):
=€y~ ey, =1.26X10°

SSI’IL - gcm

28 = zxsFCRXYE|Rss =28 A17E K45(2013. 7)

7.46 <10~

=151.3mm
=0.02555

=fo/E, =1.57x10"% $=0.6x0.7=0.42

4

(28)

AYE W Bo)F HER AzEe] At ng
Ho) Bguln DA TRRHE, 85 AT 1
1373AA0] FEUBARA Y FES) BYS B
Sgo] Bl on, ANPEA olEAe] Ag-e ol

=]

m37] olfow Agolol sl AHgalEE sl
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7O]-ZHE A]——g—;,l— 73—?— H]Z_]_ 1—701-?1/&1_/] /&;ﬂﬁ]—iﬂ-:ﬂ_ /\474]3]_
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VAN, YRAT, A7, 9ud 5 agsel #d% A 4
S ARSI
A 0.92— Q
p <
A" 10 0.9 (0.92> Q >0, kQ >0.92) (25 5
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