Concrete Strength and Ductility
Improvement from Confinement

January, 2013

Jang-Ho Jay Kim

Yonsei University
Department of Civil and Environmental Engineering

@ CONCRETE STRUCTURAL ENGINEERING LAB @


발표자
프레젠테이션 노트
Good morning, ladies and gentleman.

My name is Na-Hyun Yi and I’m a graduate student at Yonsei University in Korea.

The title of today’s presentation is “A experiment study on blast loading response of FRP-retrofitted RC slab structures”.

Actually, This is the first blast test in south Korea for civilian purpose.

In this study, To strengthening structure under blast load, the various FRP-retrofitted material was used.

And from the test results, we want to know what is the suitable retrofit material and how to behavior the structure under blast loading.
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Triaxial Stress State
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Hobb , J Structural P 0 1= fc +4.13f;

Engineering, ASCE
April 1977 —
Define : o, = 0, = 03 . /

10 %3,
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*By Confining the concrete (o3= very large), get very strong material is obtained

(Sometimes almost like steel) -
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Quality Good Avg. Poor

Control
Conc. Variability 10% 15% 20%
Req’d mean fe fc + 500 fc + 700 fc + 1200

* Inready mixed concrete, concrete with higher strength is usually
delivered. Higher strength is not necessarily good, since it causes
unexpected brittle failure.

Y7 YONSEI CONSEL



# Confined Concrete Behavior
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(compression)




# Confining Methods

Wrapping (Spiral Reinforcement)

€developed = 0.002

C =nD
e = 0.002 (still)
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Consider a slice of column of thickness, S

N
N—

S thickness, S

A, Aspfyl ! TfT f l Agpfy
iR o

L

N

D3fr = 2l fomax = f+A1
_ 2Agfy

= DS femax = fc¢ +2-05,05fy = fe +2p5fy

Volume of spiral wire . _ é 49
L) — p
Volume of confined core fc max f Sfy

Define ps =

4

2Psfy
fr= =05
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@ |ssues Regarding Confined Stress

Arching Action

Suppose we test plain concrete beams

S S

Cannot support much load

Zero tension strength

— may fall out

.
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# |ssues Regarding Confined Stress

Back to Spiral Reinforced

Spalling

« Small the spacing (s), better strength due to better
arching

e ACICode: S, =3 =7.62cm

Good concrete




# |ssues Regarding Confined Stress

Rectangular Section

Plan View Elevation View

Good concrete, but so
small that it has little
resistance to load




# |ssues Regarding Confined Stress

Well detailed Section

Cross Tie ?
=1
: J —

B

Cross Section

l Better

Spiral : femax = fe +2psfy
Rectangular : f; jax = fé +2psf, A

Efficiency
Factor

~_

YONSEI CONSEL

N



Under pure compression

Lo

Strains uniform across the section

Good concrete

€




# Behavior of Concrete Confined Cross Section

Assume that there is a unique relation between stress and strain

Goncyetee .

Steel| 23 Ade
! L H"xx/!/ Confined
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e > Eg - e,




4 Behavior of Concrete Confined Cross Section

Stress — Strain Relation

fc max — fc +4-1fmin

ZAsf y
hs A

= fc+4.1

Confinement effectiveness
factor due to arching

Confining Reinforcement Index

v _ 3Ash _ 3Ag _ YAq
Y bhs hs hs

fc max — fC +4-1p"minxory fy A
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# Behavior of Concrete Confined Cross Section

Confining Reinforce Index

__3Asb _ 345 _ YAg

Py = ohs ~ hs _ hs

fc max — fC +4-1p"minxory fy A

lq'i J:-y L[i'hﬁn jq-g,-}‘);

Suppose

A will be very low
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*
Em ax

Mandor, J Structural Engineering, ASCE
Aug 1988

Energy Balance Approach
1fc Ade. = q Ay fsdeg

€max = 0.004 +0.14 p" =

~

\olume ratio of transverse steel

YONSEI CONSEL



@;M Uw:cmr ) hwzc_;'
/

(onc rxe'}f i

Confined
Cbhdffﬁﬁ

Impose strain
Calculate stress

f * Area = force

> Forces = Axial load

For computer use, define each block
of the material property or go
through the steps.
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# Confined Columns in Compression

| Make the whole column ductile by making the
GoinereTe tailing section stronger than other sections

iy

' Corfined By providing a lots of confinement

U Nbﬁ'ﬁ I‘\-@({

st spalling strength (p') grester than P

Y Posd' 5&“”@ S’}Y\‘?lﬁﬂ less Harn  Hee spallin
load | )

Key: P' < P,
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# Confined Columns in Compression
st spalling strength (p") gresker than P

Y Pos% 5&“”@ 5-4:*6»5H less Han  The SPca“m
|oad |

Py = f' A, + f,A; of RC column
€ shrinkage = = 0.0005
Py, = 0.85f’c7l',|Ag — A + fy
= femaxAcore t fyAs
P'> P,

(Ag As)

fcmax = ( )(O 85f )
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# Confined Columns in Compression

Spiral p i/ Yield Stress of Transverse Steel

fcmax = f,c + Zp" "y in Laboratory
femax = 0-85f’c + 2,0”f"y in Situ

0.85f, + 2" ((Ag As))(o 851" )

(Ag—

> [ A Y11 085" -

(Ag—As)

Acore

p =[( )1] C><0425
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# Confined Columns in Compression

Spiral

ACI Code Suppose huge column

N

p' = 0.45(—=L1)Lc
Iy

Acore

f

In Seismic design : p > 0127
y
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# Confined Columns in Compression

Tied Column

4TS
femax = 0.85f . + h; y/l

Solve Y A;,
0

YA = 0. 21( 7/ 1)
ACI Code

As

S 2 0.3(-

Suppose huge column

Acore ACOTB

f.
1) I sh

Seismic design : YA, = 0. O9—sh

(2L 1)) == 0

Acore
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Problem 1

A structure consists of a vertical reinforced concrete member supporting a rigid platform on which a
concentrated load is placed. Assume “typical”” normal-weight aggregate concrete having f, = 4000 psi.
Grade 60 steel.

Assume the load is placed at age of 1 year. Calculate the horizontal deflection at the load point at age of ten
years. The reference point for zero deflection is the position at the time of casting. Do not use the ACI
empirical equations for deflection calculations.

Hint: e, = 0.0005

de (in} A in™)

T 011

§ BRI B CARED WACHDN 18 0.z0
Coey gew A L o pamiempige g _t:

[
7%

[.12

Fig. Effectively confined concrsle aren o3 o
fanction of tie spacing and cone sze lor i1 [ .44

various square stesl configurations
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fe = Ecec = 3600 x 0.0005 = 1800 psi
C.=1800%x24xcx05=216¢

21—c
€5 = ':EiTEé 0.0005

21 —c
fs = Es€s < fy Eé: 14.5 5175@ < 60ksi

Esn 0.0005 o
77— =0.7 =1.7%x 107%in1
0.7-7=07—1 07%in
2
85h = cDSh? = 0083 in

e 0.0005 e
=—= = 3.8 X
OF . 3 3.8 X 107 °in

lZ
81' = chf = 0.19in
@, =k, C,P; =085%x2x ®; =65x%x10"%in"?!
2
8cr = cDCT3 = 0.32 in.

Stotar = Osp + 6; + 8, = 0.60 in
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Problem 2

An existing bridge column has f; = 4000 psi and Grade 40 reinforcement (assume f,, = 45,000 psi and no
strain hardening). Existing ties comprise No.4 perimeter hoops at 12-in. spacing as shown. A proposed
retrofit consists of steel bands and through bars having f,, = 50,000 ksi and spacing of 6 inches.

As proof that you understand how to calculate behavior of this column, calculate the axial load

corresponding to the strain condition shown below.

?!3.-—5.-_5.-..'; o
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Problem 2

Answer)

fr = 1.5 x 5000048 x 62 = 260
femax = 0.85 %4000 + 4.1 X 260 X 0.6 = 4000 psi

. 05%x6x48
°© T T 182x6
0.5
2= 000366 £ 0,022 = 0002
y=0.85; B; = 0.95

~P= chmax X Blc X b
= 0.85 X 4000 X 0.95 x 24 x 48 = 3700k

= 0.0104
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Problem 3

A multi-story building is to be constructed in downtown Berkeley. Owing to architectural considerations, it is necessary for
one of the structural walls to be terminated, leaving an open bay in the first story with a structural wall above. In such a
situation (which the engineer certainly should importune the architect to avoid), it is necessary (though not always sufficient)
to ensure that both shears and overturning moments in the wall at the second floor level be transferred to the foundation
level. As shown below, the structural engineer has selected to transfer shears through the floor diaphragm to a wall in
another bay, and to transfer overturning moments through axial forces in columns supporting the wall. The column cross

section is shown.

Terminat

VvV,
ed wall /\M
1V

o

VE |

SN

|
<
I

/ /_T

<
It 10—
Supporting
column

P II}IO. 11

Floor
diaphrag
m for
shear
transfer

ﬁ:4mi
Grade 60 steel

Discuss in a brief paragraph your objectives in design of
the column, and your assumptions regarding behavior.
Following the paragraph, determine a design (spacing and
wire diameter) for the spiral reinforcing. Plot the relation
between axial force and axial strain for the column,
identifying points corresponding to first spalling,
completion of spalling, yield of longitudinal steel, and
onset of strain-hardening in longitudinal steel by the letters
“a”, “b”, “c”, and “d”, respectively. Use the stress-strain
relation shown in MacGregor for Grade 60 steel. Assume
that standard cylinders at the time of the earthquake break
at 4000 psi.

7 YONSEI CONSEL



Problem 3

Answer)
Column Design
1. insure prespalling load (Py) is less than post spalling load (P)

2. insure column with strain hardening and therefore fail in a ductile manner

Assume : concrete stress in situ = 0.85 f ¢
steel in elastic — perfectly plastic — strain hardening
axial load in column only
uniform strain over cross-section

A. Determine design (spacing & arc diameter) for spiral reinforcing

Ag= (28" x 26') + m(2)? = 860.7in’

Ag=3(6 X 1.56) = 28.08in?

Age=3(m x 102) —6[% [49.92-1.571 — 14.72] =774.6
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Problem 3

1. yield of steel & spalling of concrete
€c = °0FB; 900 = 2.07 X €77
~ f,=0.85C44ksiE = 3.4
P, = 43.454860.7 — 28.08= + §0.002= [ 27000= [ 28.08= = 4457.6F
2. find strain for “completion of spalling” usually taken for
£.=0.5fcto0 fe
= 0.25 H4ksiH = 1ksi
fe max = 0.85 C 4ksi=
toc = 0.002
Z = 0'53%0.0037—0.002) = 300
1ksi = 3.4ksi[1-300(t, — 0.002)]
= 0.0044
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Problem 3

* Calculation of f, :

« Use 0.5 diameter bar, A; = 0.31 in?
2(As) ty = fFEHDEHsY

. _ 2(0.310)(60) _ 1.8
‘I = Hooys) = s

o fe = 0.8504.0ksiC! + 4.1(18y)
try 4" : fé = 5.31 ksi
P’ = 45.31= 4 774.6 — 28.08= + 6004 28.08= = 5648.8 (0K)

. use g diameter @4" spacing




Problem 3

Find axial load carrying capacity at:
1. first spalling (0.002)
2. yleld (6(]:'27000 - 0.00207)

3. completion of spalling occurs at O.Sfé for unconfined concrete : €5, = 0.0044

4. onset of strain hardening = 0.006 (MacGregor)

Confined concrete relationship

5.31— b« 6.2 if*w( 0.000-2.025) |

n 20
3.4 * 400 kv Z = 0'559(0.00367+3d4(0.1) - ﬁ? — 0.006

= 28.03

« (0.31)(1- 20
= (031X )éuu 202

(4" 750

p = 0.0155

0.002 0.0026
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Problem 3

g fe
Istspell  0.002 3.4 4459.2

Yield 0.0024 5.09 5484.8
Completion 0.0044 5.04 5447.3
of spall
Strainhard 0.006 4.80 746.5 28.08 5268
ening

g pling 14
b
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