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Summary

The purpose of this study is to evaluate the influence and safety that the
interval and shape of tie has on the strength and ductility of ferroconcrete
square pillar with experiment.

Previous studies reported that a tie effectively promoted the safety by
improving the strength and ductility of pillar through suitable restriction of
core concrete and the horizontal direction support of compression bar.

There is the standard of the shape and reinforcement of tie for ferroconcrete
pillar, but nevertheless currently a tie used in some fields under construction
has been constructed in different way from the design for the convenience of
construction. A research was required to analyze the problem on the behavior
of concrete pillar caused from a shoddy and fault construction of tie, and then
evaluate the safety. Accordingly, this study selected the interval and shape as
major influential factor, then evaluated its influence on the strength and
ductility with experiment. The method of droop using load-deflection curve
from experiment and the method by the transformative energy were used to
evaluate the ductility ratio.

As the result of this experiment, the ultimate strength of each testing body
was almost similar each other, so it is considered that there is insignificant
influence that the interval or shape of tie had on the ultimate strength.

For the influence of tie, the ductility is increased as its interval is narrower,
and the safety is increased owing to delayed fracture.

Square concrete pillar with simple double—joint tie used in some fields under
construction owing to the easiness of construction had much lower ductility
as compared with standard closure tie pillar, thus its safety was reduced

during ultimate fracture, so it must be sublated. On the other hand, tie pillar

_Vi_



doubly jointed with a hook had the ductility similar with that of standard
closure tie pillar. Therefore it is considered that if it is very difficult to use
standard closure tie when constructing, we can substitute other tie for this

after sufficient investigation of efficiency.
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Table 2.1 Parameter of Kent-Park's test

Yield stress

. . . : : Tied .
.of Main Tied quantity | Spacing (tie) R otion Strain Rates
reinforcement
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Confined Concrete Strength
P,=K7D,. Eq. 2.16
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K, =10+ P ((1 oy 2) 1 5 VoS s Eq. 2.17

Strain and Descending Branch

- Determination of Parameter €,; : Soliman and Yu (1967)¢] A|<¢t2] 44
€, =0.55K,f,;. <10 ° Eq. 2.18

~ Determination of Parameter €, @ Sargin and Vallenas (1977)2] |t 47
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Cusson-Paultre= 19940 13 %= ZAYE 7|5 AP A (23.5%23.5%140cm) 30



2.3% 2t

A 7Y AA ZaBE 2735 7ottty agstE Aol A3ty glo|dE 7}
Eo] F7be FRPHe] E F TEE AFAdAR FrEok AXd FES 7HA
& & Atk Ed Yng A2 AuE A0 20AS 2 o), P4
A #agee) FEs d4de FPEd
Table 2.3 Parameters of Cusson-Paultre's test
Volume fraction ’

of main V.olume . | Tied strength | Spacing (tie) Tled )

: fraction of tie Configuration
reinforcement

22~36 % 15~49 % 300~700MPa | 50~100 mm

(2) iA1= A (1995)

AT E FEFELES)T FEFEEASF(S,/f,)E Cusson-Paultre

_[C_)'_
(1994)7} Nagashima et al(1992)¢] A d A& EU 2 3|7 EAsto] Zolule= W

Hom THRUg Adsdon, Tia Zazee] HugAdAe Iuzg 2

o]

<9 $9(f,)S st S AdSEATE. Fig. 2.4% Cusson-Paultre Model

B o FE

KeX
=
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\B Confined Concrete

Concrete Axial Stress

__Unconfined Conore;te

\.C

O Eo E5po  Eoc i Ecs0c
Concrete Axial Strain

v

Fig. 2.4 Cusson-Paultre Model
4) Nagashima et. al. &7
(1) A&8A A5 (1992)

Nagashima et. al.& 1992 17%=(60~120MPa) 3 E 7]% Al TA
(225%225x71.6cm) 26709 disle F4A=E AFES &8 758 ZAYEY %

o] A= FadE Hx, 3R7 A Tie Configuration, T+ 4=,
Ao o Wk mE FEE e o3 AF7]s AEef A e dEF

& Wrlsglon F9 Ase et 2k B5E g, f,® AAE AS 207

Table 2.4 Parameters of Nagashima et. al.'s test

Arrangement
of main
reinforcement

Tied
Configuration

Volume

fraction of tie Tied strength | Spacing (tie)

p'w=A,(Bxs)

6,8 1270 1" 0087 0.189

800~1400MPa | 23~55 mm
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= 23YE 75 AgARY 23E 2aHE JSAIA} o 944 Ase
wolm, Pu} A(WAD) WIS} p, f, 7t e A, 22 PHZ
AL s TAYES AEE F/AVE Ads molAW, d4de d

o7t fgith Fug AT WP BRNASF FE, A4l 23 o A4

_—

o}, FAwe] ush Wlelw FEE ol maEe] FuEsh A4A%e 3

d&ol sl

v
it

(2) HAA AT (1992)
Ayo] 3] AEA ¥ Mander et. al. (1988), Sheikh and Uzumery (1982)%

A3
o] 7|ERHe 4 T& Foto] FHEEIES A sit
T ZadE9 »dlA (Mander et al. 1988 ; A ¢kA])

- for 0<e.=¢€,,

-
e Jeo Eq. 2.22
Je= X T g
€C EC fcc
X: — E —_
6(771’ ( EC_ESEC’ iy 6(771
- for e, <e€
60_6071
fe=fJ1=05————|=0.3f, Eq. 2.23
650—60m

120 MPa7t# 2] 238 EREE 7= 4F7]%o e F&e o3t Fesxe

Py fpn® EFOIE, 2AYE Fuos Fasin

* EC? s \2
A =(1— 5 |1 = 55| (Sheikh and Uzumery ; 1982) Eq. 2.24
6B 2
— Eo|zt4 11¥
fam [ =31AVX p, f, (BALHA}) Eq. 2.25

f/=t&8 g zagE 2= (0.85f,2 714)
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5) Saaticioglu-Razvi ¢
(D A4 A5 (1998)
Saaticioglu-Razvii= 1998 of

(25%25%150cm) 26709 diste] =

A7+ 5(60 ~ 124MPa)

c g8 148 2azee] Zwd

Z2IgE

49

>,

dA= Hrtstdler A9 8 W52 Table 259 2t
of Aol AL Fa Wgol }E TEFTAES] AF WAL FTL B
now Ar 9 A4 SHFAAMY Vs TEE A AEAT AARFSE AR
S TEAFE Adsta v
Table 2.5 Parameters of Saaticioglu-Razvi's test
Arrangement .
. Volume J . . Tied
'of main oo o e Tied strength | Spacing (tie) Cor B naion
reinforcement
wi/e o L
0, 4, 8 1271 1.05~4.59% | 400~1000MPa | 40~120 mm F:

(2) A=A A5 (1998)
Razvi Model(1995)& 7= 60~ 124 MPa® & 46719 2AA =7 717t
AFAE 9

AR o] AdE 12479 HEAE

Saaticioglu-Razvi Model(1998)-=

<

71 5ol o244 H\A Hed

FAze wggdE 1P wdw

Saaticioglu-Razvi Model(1998)#} & 574622 YEW L o
T45%
fcc:fco+k1fle

ky =6.7(f,) "

i

AYES =

Eq. 2.26
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fie = ksfy
i(ASfysina)i
i=0

fl: sb

c

T4y ZAgEY HYFEdAY R HLe &9

ksp,
f. :E5(0.0025+0.04 il ]fp ‘ )s fo Eq. 2.27

BEFE

b \[ b,
ky,=0.154/|—||—| = 1.0 Eq. 2.29
s\ s

fe
fCC =
0.85f,
f f
Co I
0.85f,, | ontural
-
= T
GiTH =

C0180at Ca5 =

Fig. 2.5 Saaticioglu-Razvi Model and effective equivalent confinement pressure
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il
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T
o

A Ao cigt A+ a3

3.

=
T

o

—
fite)

fvze)
_ZTI
o

%0

0

14

%

] A (rotation),

3]

o] &= =rE(curvature),

ol

L
1

(Ductility factor)7} AF-&4

(deflection)®] H]= “ T}

Eq. 2.30

sl

& (yielding), u = = 3H(ultimate)

3

obefH 2t y =

2) A. E. Naaman¥ S. M. Jeong® &+

il

o

o] A. E. Naaman¥ S. M.

Eq. 2.31
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w3 Fig. 273 %

o]-&3te Ewt

KeX
=

}a1, Eq. 2.33

_22_



B2 F8EE Bq 231 F8l oA Adel @ AdAss 248
o1t
P,S, +(P,— P;)S, +(P;— P,)S.
_ 1~1 ( 2 1) 2 ( 3 2) 3 Eq 233
P3
olo] AN FHF WE o8 F3 WALl o Wy &

Einel

Inelastic Energy
Ps3 / Consumed Prior to Failure

P2

Eel

Elastic Energy
Released at Failure

Load

P1

Deflection

Fig. 2.7 Total, elastic, and Inelastic energies
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1. 4 ¢

1. M8l

=AY sAsEHe e 42 Z3YE A4 R 71w HET g4 14
o] ZEet Ao HAl= YIS dolR A st ALREA, WHIe] aHE H
7vat7] flste] 5o APWsE AR AldAs HEHE

2. AIEA N

AlF A= 100x100mme] AHE dES ARES e, Al A9l Eol= 600mm
2 dAsA st FELS A4 8mm SME ARSI oW, FEFA=
10mm=z AA e gk ol dAH o] 64%7F HES s AJAE T
Al AAstA T 3 7Fe @R adE ayste] AEA TG 400mm T
e AR AAsR o, AFAY dew 100mmiF-iES FRP Sheet(3

BAstel @RI HE RIS WA sk, AT IS F
=3ttt Fig. 312 & A7elA ARSH AldAe] Alds e 3l

_24_



100
.

100

»>>>
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Section A-A
100 _‘

600

D6 -
/ L O
D8@8
(@)
T F 5 =

Fig. 3.1 Dimension of specimen

3. AIEA A=

S ARESEATE AlFAe FEEHSs BHeA 87 st

AFA BT AA60mm) Adste] AFA Az F dFE A" o) FA

FZageEW AXHA AFster 4= 275 EH FHIol ¢EHS Hus)

wHd IS 7hEE T dgd mE dF rhew

dgon, AFFe YA Z 100x100x630mmel A F A e FAe WA D

A Astd. ZAYEE HAEFA A4S Imm=E son, ZAYE E
=

A Te A Eolg t 35Ree du¥ow 7 Fvd 534 o

(o3

shelch. @

f
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Aot =3 FAES A5AEE dotry] Skl B Al 1074 ¢

AP FAA100x200mm) = Al Zstdet, F2YE AL S S gAE]

Aste] BHE - 14L7HA 25 Fi, FHoE B FEs FA8] FESEA

A 284 G F AFHE gFskden, AdAe & 2ol FRP SheetE 34

o2 Zo} WA wE IR E wAsta, #dF e FAer gl

s wwel A FAUIES Ak vpxHe s AJEAY] dRE A5 W
T 5

o] Ao 7 15mmA ZAEF] AldA Y APLS

ZAYE qW WP ES 5437 fAs8te] Strain gage F3# 9 A P2EE=E=

Zo A 1/3A 3] CNE==2 7
Fig. 32= & A7lA A&

(c) Casting of concrete (d)Painting and wrapping by FRP

Fig. 3.2 Manufacturing process of specimens
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Table 3.2 Mix design of concrete

Water | Cement Aggregate Aggregate Total W/C
(~5mm) | (5~9mm)
Hl &1 (%) 10.8 27 bl.4 10.8 100
. 40%
Hl 3= (kg) 2 5 9.5 2 185
Table 3.3 Result for compressive strength test
Specimen ID Ultimate strength Compressive Conversion
P (kN) strength (MPa) strength (MPa)
Specimen 1 253.2 31.61
Specimen 2 280.8 35.06
Specimen 3 244.4 30.51
Specimen 4 224.4 28.01
5 31.06
Specimen 5 277.6 34.66
Specimen 6 242.0 30.21
Specimen 7 272.8 34.06
Average 256.5 32.02
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Fig. 3.3 Compressive strength test

Table 3.4 Result for tensile test

T Diaslre Yield stress, Average stress
S s, f,(MPa) (MPa)
439.2
D8
(7.94mm) 440.5 440.9
443
SD400
423
D6
(5.57mm) 451.3 439.27
443.5
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Fig. 3.4 Tensile test for D6 steel

3) FRP sheet

NFA Fre BRave me 2RITE Px67] et A8E FRP ga

ARAEE AHFo] S HHE Q WHow WIAA BE AW TA] AF

L

Fig. 3.5 CFRP sheet

Table 3.5 Material properties of CFRP sheet

Model Tensile strength | Elastic modulus Ultimate strain
(MPa) (MPa) (%)
Forca Tow Sheet 3094.4 3.555%10° 0.87
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FAEE RHeY) 9I5te]l AL§F A EA (Epoxy)s CARIA )
et 'S BXI(CF-222)8 AF&3tdlth CF-222v FA(AA) S 4 3A(B
AE el A 93, AAlSE BAIE ¥ vl 219 &2 Aol gL sherh
the Table 362 A @A Age] AEH ol FA o B ol

[t

Py
=
av
uu)
X

Table 3.6 Properties of epoxy

Compres

Tensile P s Bend Tension-shear
Model strength stfength strength bond strength
(MPa) (MPi) (MPa) (MPa)

L ER R TR
221 (CF-222) 62.3 82.5 65.2 12.8

5) Strain gage (for concrete)

AldA e A st WmE WMIES S48 fleke] EHel F2R strain

rr
off
e
>
>
N

gaget™ Y9 TA} A|FE AFESIA T Strain gage =
HERE ZAYE RHS AYT ¥ gaged HE=E FHO FESIATH AAAL

< Table 3.7 e AT

Table 3.7 Concrete strain gage specification

Gage Type PL-60-11
Gage Factor 213 £ 1%
Adhesive pP-2
Coefficient of_Thermal 118 x10-6/C
Expansion
Temperature Coefficient of G.F +0.12£0.05%/10°C

_31_



o
>
oo
0z
L2

N,
N
2
it
2
ol
=
iy
ftlo

- 42 7HE ZEd 2 Actuator(50t), Controller
Data <% A
- 4 W8 E Z47] : M&T Korea, MDS-16

- o8 3 AFE : Samsung, Magic station M2000, MDS-2000 (Software)

e
o

7](Load cell) : Curiosity Technology, LCW-45TS
Tokyo sokki, CDP-100 / CDP-25

> Tokyo sokki, PL-60-11

- W54 71(LVDT) :

- W E 7 o] A (Strain gage)

Section A-A \
J— Actuator
F ) a1 isi

<" LVDT(CDP-25)

LVDT(CDP-100)

LVDT(CDP-25)

Steel Plate FRP sheet

Load cell

V777 7 ik ik 777 7]

Fig. 3.6 Arrangement for data acquisition
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- Ale)A] A ZA (Adhesive) : Tokyo sokki, P-2 (Z® %) / CN (Hz&)

- A}z 7] (Digital camera) : Fujifilm, Finepix S9600

2) AEA A

Fig. 36& Alggnlel A@AE HAg BHs vebd oz AgAe 4%
Aol 48 s S4L 5 =5 LVDT (CDP-25) 270 & #pAl Al =3t
AAAE Abgete] Al A FHe AT ke F4S 913 Load celle A4F
)] b arefsto] Fig. 3601 Webd A3} o] upre] A5l om, Al
Aol @S At LA stFS Astetr] s fobefel A (160x160x19
mm)S #EUTh £ ZFWel LVDT (CDP-10005 X3kl AlgAl A9

WM FS SASAT Fig. 372 A3 AH8d AA7I71E9 A ARE B

(d) Load cell (LCW-45TS) (e) Dynamlc strain ampllfer(MDS~16) (f) Computer (MDS 2000)

Fig. 3.7 Test equipment
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3) Ad o Hely AW

Fig. 382 A @AE A3 EFS yetdl ARxlelt. 7} Al Al &5 Fig. 3.8
et Ay o] A3 ¥ 50te ActuatorE AR-g&le] WAoo 7 FF
= Attt 48 A FAdES] dSA=ADY FETY AFAE=AE A
£ o] &3ste] AFAS FRAFLE ofdiet o] AXbstar, o FEFE= 60%
7hA = 0.03mm/3secd] £EE S Alsteldow, 60%FE T A 7A =
0.02mm/sec?] FE2 7=ttt A2 AlFA7E &3] FdyE Fo TR

Fig. 3.8 Real view of test set-up (S80-2 specimen)
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57 2leA

of tebt

_?4
et Al
W 270 ke NAS AT zF A E A e Ad Ant= Table. 4.1

Table 4.1 Test results

IVv. 4823 %

7159 d=dds
Gl mE AldAe] ],

Tl we T
FAAz A AFs Ao 7

5:
_,

Al Al

24

HirH o7 2

Load (kN) Ultimate |Max. vertical
Specimens | Parameter Initial Max deflection strain '
Eas . i () (mm) (o X107
S80-1 320.6 351.0 3.39 5.66
S80-3 310.8 347.1 3.69 6.42
S60-1 ] A 2 9] 3179 356.1 4.38 7.30
S60-2 A 298.2 354.5 4.13 6.88
S40-2 296.9 378.9 8.59 14.31
S40-3 304.8 371.8 8.44 14.06
C60-1 326.0 360.8 3.04 5.07
C60-2 ] 2 T 9] 3254 373.4 3.13 5.21
H60-2 K:hels 280.1 335.0 4.20 7.26
H60-3 294.9 346.2 4.26 7.10
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HolF51 9t} Fig.
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[e]
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bt} Fig. 42 ~4.7& 1
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7t
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A 3]

3
=

Aol e A

ToR

WA o= e}

A A YE=AEE= 3471kN~3789kNe = Ho <

A1

(N 01X) peon

Strain (X107

Fig. 4.1 Load - Strain curves of specimens with different tie spacing
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(b) Buckling of main reinforcemnt

(a) Final failure and crack

Fig. 4.2 Final failure and crack of S60-1 specimens

(a) Final failure and crack (b) Buckling of main reinforcement

Fig. 4.3 Final failure and crack of S60-2 specimens
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(a) Final failure and crack (b) Buckling of main reinforcement

Fig. 4.4 Final failure and crack of S40-2 specimens

: |l 7 ' |
= - Lol 2 " B A 1 g
(a) Final failure and crack (b) Buckling of main reinforcement

Fig. 4.5 Final failure and crack of S40-3 specimens
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(a) Final failure and crack (b) Buckling of main reinforcement

Fig. 4.6 Final failure and crack of S80-1 specimens

SN

(a) Final failure and crack (b) Buckling of main reinforcement

Fig. 4.7 Final failure and crack of S80-3 specimens
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C60 A AA= 4 AFdFelA d2o 7tE B 2HS FHaA Asat]
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(@) AAAY 33 & Bga ddFd, () 522 HEES BT 3l
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H60 A& A= C60 AlgdAe v/ =2 dd 4 2 il 142 7|2 A
FA(S60)et 2a WA FEukS 27 3 o' wAITe eSS 73
2 wEo] wid deolth. Fig. 410 ~ 11-& H60 A dAe] 23 =
AoZ (a) NEAY 93 F mHa Fdokd, (b) EF5229 HFEHE B
T Qlrt.

Fig. 412014 C60 A @A WHZ RIS 7 AldAE & AFAED v
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(a) Final failure and crack (b) Buckling of main reinforcement

Fig. 4.8 Final failure and crack of C60-1 specimens

(a) Final failure and crack (b) Buckling 6f main reinforcement

Fig. 4.9 Final failure and crack of C60-2 specimens
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H60

(a) Final failure and crack (b) Buckling of main reinforcement

Fig. 4.10 Final failure and crack of H60-2 specimens

e

(a) Final )failre and crack (b) Buckling of main reinforc

- 2
ement

Fig. 4.11 Final failure and crack of H60-3 specimens
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Fig. 4.12 Load - Strain curves of specimens with different tie shape
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Table 4.2 Deflection and ductility index of specimens

Specimens Deflection(mm) Ductility
Yield Ultimate Index
S80-1 1.71 3.39 1.98
S80-3 1.81 3.69 2.05
S60-1 2.02 4.38 217
S60-2 1.64 413 2.51
S40-2 1.82 8.59 4.71
S40-3 1.85 8.44 4.57
C60-1 1.89 3.04 1.61
C60-2 1.81 3.13 1.72
H60-2 1.75 4.20 241
H60-3 1.58 4.26 2.69
(1) WaE= k49 g

ABA} S80 ABAE S60 AGAN W Ayl 14% At S40 A F
A= S60 A A HE Aol 98% Frkeksih.

WATe 7e mE @4 Wb J1E ATER bR AT
o] #25% FHANL Fbekel Aol FAHE AT L & AUk olE A

AT WANA el FrjHh
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40 I

Load (X10 kN)

o2)

10

0 2 4 6
Deflection (mm)

Fig. 4.13 Load - Deflection curves of specimens with different tie spacing

o

(2) WEL e 43
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Table 4.3%} 7t}

Table 4.3 Ductility index of specimens by energy

Specimens S E al E, E, I;Zir;ialr;) ? D}lrfgi;j:y
S80-1 1966 | 84.40 | 26.27 | 58.13 68.87 2.11
S80-3 1743 | 91.36 | 30.02 | 61.35 67.15 2.02
S60-1 1583 | 113.01 | 34716 | 78.25 69.24 2.13
S60-2 1796 | 10697 | 2870 | 78.26 73.17 2.36
S40-2 1827 | 262.11 | 25.07 | 237.05 90.44 5.73
S40-3 1813 | 256.18 | 25.72 | 230.46 89.96 548
C60-1 1714 | 7067 | 34.30 | 36.36 51.46 1.53
C60-2 1778 | 7588 | 3497 | 40.91 53.92 1.59
H60-2 1490 | 103.35 | 35.22 | 68.13 65.92 o7
H60-3 1894 | 111.36 | 25.67 | 85.70 76.95 2.67
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Fig. 4.15 Comparison of the ductility Index by deflection and energy
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