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STRESS-STRAIN CURVE OF CONCRETE CONFINED BY RECTILINEAR HOOP
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Kenji SAKINO and Yuping SUN

A complete stress-strain curve model for concrete confined by rectilinear 'reinforcement was proposed. In
this model, the confinement effect of rectilinear steel, including common hoops and square steel tube, was
evaluated by using effective lateral préssure factor. Major variables influential in the confinement level of
transverse hoops were contained in the effective lateral pressure factor in a relatively simple form. Com-
parisons between the expeimental and the theoretical results showed that the proposed stress—strain model can
predicte not only the stress—strain curves of concrete confined by square steel tube fairly well, but also those
of concrete confined by common hoops with various distribution shapes.
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Figure 2 Test Set-up and Instrumentation
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Figure 3 Experimental Results of Stress-Strain Curves of Concrete Confined by Square Steel Tubes
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Table 1 Details and test results of specimens

G

Specimen B | B Oy OB B | B

(kg/em?)| - | (kgem?)| (kefem?)| (%) | Op
L31-1 445 | 174 | 173 .
L31-2 440 {179 | 1.71
1313 | 7 | 31| 3960 460 | 1.75 | 1.79
1314 455 | 1.82| 1.77
M31-1 621 |0.64 | 1.42
M31-2 625 | 059 | 1.43
M3tz | 7 | 31| 3960 629 | 0.69 | 1.44
M31-4 ‘ 625 |0.79 | 1.43
H31-1 : 833 |0.33 | 1.20
H31-2 833 {035 | 1.20
m3-3 | 094 | 31 [ 3960 s 020 | 110
1131-4 o 812 1035 1.17
L60-1 285 | 039 | 1.12
L60-2 - | 287 |036]| 113 -
1603 | 24 |60 ] 320 |\ 50 1039 | 119
L60-4 , 292 | 033] 115
MG60-1 : 600 035 ] 1.22
M60-2 595 | 038 | 1.21
Me0-3 | 492 | 60 | 3220 1 s 032 114
M60-4 556 | 0.30 | 1.13
H60-1 R 721 037 | 1.06
H60-2 : 728 | 031] 1.07
neo-3 | 980 | 60 | 3220 689 {030 1.01
H60-4 694 |032] 1.02
L76-1 - 273 | 037 | 1.05
L76-2 289|040 | 1.11
1763 | 260 | 76| 2560 | 558 o036 | 1.07
L76-4 278 | 036 | 1.07
M76-1 493 [ 027 | 111
M762 |- 471 | 0.26 | 1.06
M763 | 44| 76 | 2560 480 | 032 | 1.08 -
M76-4 - 475 | 0.34.| 1.07
H76-1 | 714 | 033 | 1.05
H76-2 714|033 | 1.05
‘H763 | 080 | 76 | 2560 741 - | 109
H76-4 | ' 680 0.32 | 1.00
L107-1 230 | 0.40 | 1.08
L107-2 230 | 040 | 1.08
Lio7-3 | 213 | 1071 3380 g 1038 | 1.05
L107-4 230 | 041 1.08
M107-1 428 [0.34 | 1.03
M107-2 415 107 3380 399 0.29 0.96
M107-3] 440 1031 | 1.06
M107-4 407 029 | 0.98
H107-1| 521 | 563 |0.28 | 1.08
H107-2 ss2 | 026 | 1.06
H107-3 | 610 | 107 | 3380 641|029 | 1.05
H107-4 616 |0.29 | 1.01

1)  Opg=concrete cylinder strength
2) Oy =yield strength of steel tube (plate)

3) Ops Ecy=stress and strain of confined concrete at peak point
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Figure 4 Stress-Strain Curve Model of Concrete

< De )ﬂ
e )
Z

, 718

N Or N Ore \ Oa y

AhsChs AhsChs AhsChs AhsOhs

Figure 5 Distribution of Lateral Confining Pressure

VZZ) Cover concrete
Figure 6 Arch Effect in the Cross Section

Lizdi-Ts fiR&Ehicaov 7)) — FOWRERIEE &
Y S —HBREREEDEIC LU TREINTOHAHED
YU IRBERDDRBRAER NS Z LT 5,

AV = rOY I REERD BARUTBREFEROD
REERD B 5, FERUE. EMIBED 400kgf/om *12E
FTRERMICH UIITHES LIEE5Z 505, EH®
JEDY 400kgf/em * 2 A BEEE I 7 Y — M LT
DPPBKRBMEEEZEREDH D, TI T FRTEE
BEIV Y — MDY LSRR D BRI X (BE
TX 3 Martinez 5’ ODREATH 5 (2) REHRERIH E
DEFERELTHNSE I EIZT 5,

E. = (0.703 + 0.106+/z05) x 10° @)
33 ?‘3?3“7&3 77 U - b@ﬁgc Ocs

BEHREBEWEAC L DR Sh/ica v 7Y — P ORE
DEEXELT. QREHEET S

NI | -El ectronic Library Service



Architectural Institute of Japan

OcB =c 0B + keare

1 d’ s ' 3)
=. 0B + kegphtfhs (C) (1 hesl 2DC)

ZCTs 03IV =DV Y T B, kT

WM (=23) « o, RIEDWERF. o 3HHHH
MOWRLE, 0w 25 - OFTHBFENE— 2 HicEd
BB ICAE U TO B EBOISS, 4"k cldEh
FRREH OAFER (FE0BAREE SHMH

KRS (AEOHENDDIE) « s & D (IR -

DOHR BEOHEI0) B L UNEBEMEE DS« M
i WEOBANDODIE) TH5.

@) K. FEOSIHEEOWRICHET 3 HBHES T
ot BREDEI, UTOBRHTRELLBDTHS,
) IVIrAY IV Y~ b OBEEARIZERY
K. WRCTHEZINZEPT LOFHAE .
( Figure 5 88) IZHHd 5 EER 5,

1 EAhsohs
or = §Ph0'hs = Tcs_ “)

2) ERESHRMICLARROBICRONE T —F
e (Figure 6 B1) ORBERQICHT /55X —5 —
ThH3. BEBRMOBEDHIRES . HBHEBHOM
B s SN, BEARM O TS RIYE IS BR T B R O
ERd REOHBARER) 2 ZRICANS &Itk
> Ty HE I L OREKREBEHIET - L B00E SRR
B AR DEO IR  —D DR TH—MICFET
ERET B, i, HHEMOMBOZEITSLTIEA
BHEORE® 2. (1-s2D ) Tl L7z,

3) IV Y- FOREOLARE., WKL
- FDME o, TR, VY VI —BE. 0L D
FREBTHMT 5, Jhid. OBAEI L2 Y — bR
BEO SO LA THMT 5135 AR TIIH 555, i
I/ ) — FOEOBEAMS - & TERE LIS
CEHETH S, ORFEOERERLEI TERIHI VS
Y— FOBEEIR VY VY —RED 85 ¥ DOMAEMS LR
ETHIERHEH, 5% ENHIFMORIILET
EUHANEBOLNTNS EREVH XY ICHB LD
WKHRED YR ERBREOEBICEL B,

Fio. EROFEHTAN ZBADMOTIRE DEBREE
BERANT Q) ROFYUAERTT 2 L) 0HER. B
X DEDENMERTF 0 .. % Q) RTEETIEIC. &
F— OF AR — 7 BICEET 5 B & TR T4
UAEBOIEH 0w EFET 5T 5 E0RMTH 5,
LEIT. ABXEERLOBENS, Q) RERAVTHE
BWERF 0, EEFET RO 0. DlE LTIE, Bk
BERCASER & IV BB A LIS, B — O T BN E

2.5 T

2.0 b e, ]
of15 o e
~ . o . g N
o, ﬁ g8 \ Y=1+aX

1.0 a=23

0.5 :

0 0.01 0.02 0.03 0.04
g /o
re'c B

Figure 7 Relationship Between Strength Enhancement of the
Confined Concrete and Effective Lateral Pressure Factor
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Figure 8 Lateral Strains of High-Strength Hoops at Peak
Point of the Stress-Strain Curves of Confined Concrete
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Figure 9 Comparisons of Experimental and Calculated Strengths of Confined Concrete
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Table 2 Comparison of experimental and calculated
strength enhancement of confined concrete

H&ERT, HPOD () IEAEREICL DRI NL KA | Parkst | Sheikh st | S#K | Kexp

RBREDHEZ. (b) & () BUERBEHRHICL DA LS I A T S (A 5

HAN-RBEOHBAEBREI L 27— (o5 Tube |mean| 1.00 0.68 1.06 0.73 | 0.96-2.19

<400kgf/cm2) %fﬁb‘f:%%&%B'ﬁEjV? ,)_ }‘%ﬂ% (¢} 0.08 0.12 0.14 0.09

WIEBAITAMI TR LTS, £/, Table 2 i Figure hoop | o | 66 66 86 66

o) ~ (0) I T 5 3 FORBRIKDBIE EREK O op<d00 [memn 103 | 098 | 109 | 109 [1.02-222

EBRER L. (3) i & OBEE DREAD 5 BA 2 o | 010 | 010 | 009 | o0.10

HPORTHRDIHEREEEOHBAETR LTS, HBIC hoop |2 63 | 63 | 6 | 6

AR E LT, —HOEXH 20cm (HEOHE yymomW1Lm 090 | 1.03 1.05 | 1.00-2.02
007 | 007 | 008 | 009

1 17.5em BLE) OEFHMFE QRGBT 52k = T T

Y TS - . N . n
m?bt°mﬁmﬁm@a&%kmibtgmum@ﬁ Total |mean| 102 | 087 | 107 | 095 |096-2.22
DTH2. o 0.08 | 0.18 0.11 0.19
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Kexp: Experimental results of strength enhancement of concrete
n: Number of specimen o: Standard deviation

mean: Mean value of the ratios of Kexp and Kcal
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Table 3 Outline of available tests for concrete
confined by square steel tube

g | WE |
A ii g | wm || OB | oy
¥ |Bom)| mm) | Bt | Gkegfem?) | (kg/em?)

we® | 20 200 [2.1-5.5 | 34-92 | 135-260 |3700-4300

'5#.9) 1 175 | 5.63 31 488 3360

LzEl0| 6 | 250 |4.5-11.9) 21-56 | 362-887 |3230-3790

B | 48 | 175 |1.6-5.6331-107 | 213-694 |2560-3960

Table 4 outline of available tests for concrete
confined by common hoops

BB |WiETE| Ac | op . e #
o8 | cmxem) | Ag |y PP | R

30.5x30.5 0.78v 319-417 [0.76-2.40| A,B,C

WRE

Sheikn!1)] 24

» 2saasal 078 | T T
Vallenas 22.9x22.9 0.96 ‘ '
scotdd®) | 2 [45.0x45.0{ 0.80 | 247258 |1.34-1.40| A,C

Moehle!®l 8 [30.5x30.5] 0.77 | 345 |1.21-2.07| A,D,E

'ﬁ15) 28 120.0x20.0| 0.73 | 254-420 | 1.35-5.50| A,D,E

12. {28.5x28.5| 0.89

7) 323-1343(1.394.44| B
4 11 [33.5x3.5 | 0.65
w016 | 12 [25.0x250 073 | % |179406] B
. ] 1154
mel? | 4 [50.0x50.0{ 0.87 | 770 |1.814.56| B
Big'®) | 24 |22.5x22.5( 0.79 [615-1204|1.62-3.92| A,B,C

1) Ac=area of core concrete measured from the centroid of hoop

2) Ag=gross area of the section 3) Py =volumetric ratio of hoop

34 BEROUVTHE .

MEI o) — M3, BRIV Y — MoHBLT
BEDALBOTIBEROVTH e o bREH B, iR
Tl Richart SOHR'S £BFIC, WKL 7Y - bD
BEOUT A e DEAED, BEOBAEERIULL Y
)Y —BEROVTS e ok DD LARTHMET 5,
7335, € ol Popovics DIZE " ICHL ) REH VB,

€ =0.52(.o8) /4t x 1073 - G
2T R L DB ONIHEI L S Y — L O
EERHEK (S.0.0,/.08) EHBEBOVTHO LS
B (= €col €0) DBURE Figure 10 ICTRT o RIS
— TR LTV 5 DI Richart 51 MRE L7 (6)
RTH 5o

€0 = €[l +5(K —1)] ©6)

25 ¢ —
o EEF-F O EBBF-5
o BF-5  w EXF-5
20 F| 8 #a5—5 + sweiar—s
o]
o 15 | /
Qo BRR
L3
“ 10
S .-~--"""—.§i-chartit
Qg
0 ; )

1 12 14 16 18 2. 22
K(= cocB/ccB)

Figure 10 Strains corresponding to the Maximum Stress
of the Stress-Strain Curves of Confined Concrete
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Figure 11 Experimental Results of Parameter D
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Figure 12 Comparison of Experimental and Calculated
Stress-Strain Curves of Concrete Confined by Square
Steel Tubes
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Figure 13 Comparison of Experimental and Calculated
Stress-Strain Curves of Concrete Confined by Common
Hoops
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