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ABSTRACT

The nature of fracture in reinforced high strength concrete (HSC) members is brittle and therefore in
the seismic areas:the ductility investigation of heavily reinforced HSC members is important. Six
reinforced HSC beams with different percentage of tensile and high compression bars with attaching
electrical strain gauges cast and loaded experimentally up to failure. During the test, the strains on the
concrete middle face and on the tension and compression bars along with deflection at different points of
the span length measured. Ductility of doubly reinforced members was compared with the singly
reinforced members. The theoretical results based on ACI and CSA codes have been compared with the
experimental results. In this paper, the displacement and curvature ductility of such members are also
reported.

KEYWORDS

Ductility, HSC, heavily reinforced members, codes

/1
/1
y.sharifi@vru.ac.ir

maghsoudi.a.a@uk.ac.ir ii



www.SID.ir

| 600 ram X 200 X 600 ,
Bl Ly cL T
[T 1] [T TITII[Z]
L1 sl ‘
Yot T T50wa
&00 rara | 200 mm N @00 rom
B A L '

T700 7oam o
. »
. Iﬁ . » Iﬁ E {§
" 300 v | 200 e 200
SECTION A-4 SECTION ALA! SECTION BB

()

CL

Laading Head of

Testing Machine Laad Cell
Flate

[

ﬁ_ Electrical Strain Gauge
hanical Strain Crage

Plate. Plate Test Specimer

O A
' o [

o ! ! TollerSupport
FinEND e
100 100 o0 100
mm o Mmoo T
Deflectometer ‘_’é ? é é

e —
200 ram 200 ran 300

I
130 1z 450 mm

200 ram ! 450

mm

BC



www.SID.ir

f. , A, % A p' (%)
(MPa) d(mm) | d’(mm) p (%)
BCI3 / @ / o /
B6 / - @ /
BC7 / o + O / o + D /
B7 / - o + @ /
BC8 / D + @ / ® + D + D /
BS / - b + D /
NOBEAM: _ 3 |3
) L7y TERA
DA 3
AR Al AL {l{ s gl | Tod | [A7 I Do T 1 AN
(] I,
SMEEDAVPNY DA SR EER AR AR RENSON
LRDAVE AV OAR I YVEIINA ALz | L 16 fol-34 [V
,?\\'o !r‘/"t,n ‘(/ i / . i1 \‘: 8 n \‘J - \ \.‘\ s \J\
AT Y TN S| | [of [ [] b
10 5 0 X 0 5 40 45 50 5 60 o Kl 7580 B 90 5100 95 5 B0 75 0 65 60 55 D 45 40 3% 0 25 0 15 10 5
NOBEAM: _ 7 -
BEPY PN ENENEEN SARE
u(/// N i g {e i 7 | ‘\\. 2] |
Df:}ﬂ //’i‘ T+ | T -.‘_T'ﬂ 4 - ¥ E LYRGG. ‘:‘Q\ 3
= b | N
VAR FAT T M | Gk [ fal [ [Tl [ 1k [ [N\ Jf\sg NA'EIAY
ARR I ERAR 9 LU [ (de Q] [ 1le [ BT (1]
5 0 1B N X W ¥ 40 45 5 55 BOBS TO 75 8D BS 95 )0 95 9 B85 BD T3 0 65 60 55 S0 45 40 3% 30 25 20 U5 0 5
NOBEAM [_gc!;
ENARDE S AN HEN
[ Is 4’1 |/ I._.r ‘ = j ] P A
N rEpY, Bk ’ I A AN
4 1'3' *0/];, %l l [ Ly "Iﬂ J|’ il -Irﬂ -"li}q \T \
g ¥ [ ,-lp.! i e 7| ‘ ) ‘,:; ;N I/’b e Il r\;lgj\ I*.
dAuivEiindNdRARERYNOCININYEANdANE
SOOI 15 2003 W 35 40 35 S0 S5 e 65 0 75 B0 RS W 95 0 95 W 85 40 TEOOT0 b5 60 55 5D 45 d0 35 W 3 M 5 w5

()

’ WWW.SID.ir


www.SID.ir

BC7 ()
- ()
(Ay)
(A)
()
(na) (A (4) ()
« ))
()
B6
B6
()
() )
[]
ACl (M) -
Po
Prmax = / (1a)
() (ko)
(A)
ACI )
/3 /7 / /

WWW.SID.ir


www.SID.ir

/
)
() () (
()
Ay Ay (Hd) :( )
Aoled | Ay (mm) | A, (mm) | pa=AJA,
BCI13 /fA ARVAAY Y/+A
B6 /YA Uy V-
BC7 VYO Yo/ry VA
B7 #190 \Y/IAE VA
BC8 Vot \V#IVY \Vidl
B8 NYF# VS V0]
———BC
rrrrrr B
4
3
g. 2 A \M\
1
0
4 5 6 7
P(%)
( -)
—BC
------ B
4
3
3 24 \,‘\
14 o
0 ‘
50 100 150
P/py (%)
(-)
(p p) ()
Plpo

Load, P (kN)

1200
1000
800
600
400
200

p=4.81 (%)

0 5 10 15 20 25 30
Mid span deflection (mm)

Load, P (kN)

1500
1250
1000
750
500
250

p=5.38 (%)

0 5 10 15 20 25 30
Mid span deflection (mm)

Load, P (kN)

1400
1200
1000
800
600
400
200

0 10 20
Mid span deflection (mm)

- ()

[] (

e


www.SID.ir

BCI3 A A () ()
BCI13
(mm) / / /
(mm) / / /
/ / /
BC7 Av Ay (ma) ()
BC7
(mm) / / /
(mm) / / /
/ / /
BCS A Ay (na) ()
BCS
(mm) / / /
(mm) / / /
/ / /
(®
(ACI) (CSA)
byx dux Mo dyx dux jin byx dux in
BC13 / / / / / / / / /
B6 / / / / / / / / /
BC7 / - - / / / / / /
B7 / / / / / / / / /
BC8 / / / / / / / / /
B8 / / / < / /
(/u:¢u/¢y)
(M)
HSC
d _ F}/ = ECH
@-x,) Zu
(1) -
) ¢u ¢y () ( ) (4)
( (6,)
i} ()
_ 0 _ (@B FDE(L+ pn2pn + p’n*)") () (60)
?, pf)?
-Kd .d D fy
() []

€ (Xy)

0 / / / /


www.SID.ir

BC7

Momentx10 3 (N.m)

300
250
200
150
100

50

p=4.81 (%)

2 4 6 8

®x10-5 (1/mm)

10

Momentx103 (N.m)

300
250
200
150
100

50

p=5.38 (%)

®x10-5 (1/mm)

Momentx10 3 (N.m)

350
300
250
200
150
100

50

0=6.81 (%)

2 4 6
®x10-5 (1/mm)

()

a Xy
B
E A
== =— (X
n=Ct PE X)

_apf, f. e, E (1K) 0)
fy(p=p')

{(p’Esrsm—pfy)zd2 p'Engdd']'“ (P'E.en, — pf,)d
.= + -

Qaf) g’ (@f)B, 2af)p
)
_9 E.e, (1-k)d ()
Py fyxu
)
(
()
- ()
()
(4y)
(u*b) (¢u)
() )
Ecu B] a
ACI[ ] CSAT[ ] E,
CSA ACI ()
ACI CSA
a / ! - fe> 1
b | I -1 fo= 1 |1 -1 fo=1
Eeu / /
E. fo+ ( fi+ o



www.SID.ir

Ol sy &
W (A ) lindl 5y IS5
H (ACH s s)elind) (5% 55

@ (CSA i s8)elind 5y R4

—e— BC(exp)
—O— B(exp)

(/1 pv)

ACI  CSA

6 —/— B(th-CSA)

5 —0—B(th-ACl)

4 —a— BC(th-CSA)

—m— BC(th-ACl)

3

2

] P<o———

0 T T

6 7 8
p(%)

—e— BC(exp)
—O—B(exp)

\': —=—BC(th-ACl)

O =N W b OO

——B(th-CSA)
—o—B(th-ACI)
—a—BC(th-CSA)

80 100 120 140
p/py

ACI[ ] CSA[ ]

~

BC7

/J



www.SID.ir

Mattock, A.H., “The Rotational Capacity of Hinging
Region in Reinforced Concrete Beams", Proceedings
of the International Symposium on Flexural
Mechanics of Reinforced Concrete, ASCE-ACI,
Miami, Nov., 1964, pp. 143-181.

Corley, W.G., “Rotational Capacity of Reinforced
Concrete Beams,”Proc-American of Civil Engineers,
J.Struct, Div. 92(ST5), 1966.

Tsong, Y., Yue, L.H., Jaw, W.T., “Amelioration of
Sttirrup and Compression Reinforcement on the
Ductility of Reinforced High-Strength Concrete
Beam,” Proceeding of the sessions related to seismic
engineering and structures congress, San Francisco,
CA., 1989, pp. 569-604.

Blume, J.A., Newmark, N.M., and Coring, L.H.,
“Design of Multi Story reinforced Concrete
Buildings for Earthquake Motions,” Portland Cement
Association, 1961.

ACI Committee 363, “Review of ACI Code for
Possible Revisions for High-Strength Concrete,”
American Concrete Institute, Detroit, 2005.

CSA Technical Committee, “Design of Concrete
Structure  for  Buildings,” CAN3-A23.3-M%4,
Canadian Standards Association, Rexdale, Ontario,
2004.

Demec

Ashour, A.A., “Effect of Compressive Strength and
Tensile Reinforcement Ratio on Flexural Behavior of
High-Strength Concrete Beams,” Engng. Struct. J.,
2000, pp. 413-423.

(]

(]

[]

(]

(]



www.SID.ir

