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concrete columns, [3 and 4]. It is used in the
form of straps which are wrapped around the
column in a continuous spiral and/ or
discontinuous rings. The results obtained
indicate improvement of the confinement and
hence in the strength and ductility. Another
system for retrofitting reinforced concrete
columns (5) uses a series of prefabricated E
glass fiber reinforced composite cylindrical
shells. They are opened and clamped around
the column in sequence. Adhesive is applied
to bond the shells to each other and to the
column to form a continuous jacket in the
region of plastic hinge.

Steel jacketing has proven to be an
effective measure to retrofit bridge columns
for increased strength and ductility [6 - 9].
Circular cylindrical steel jackets are
constructed in two half-shells slightly
oversized for easy installation. The two
halves are welded in site. The gap between
the concrete column and jacket requires
injection of grout as infill to enable
composite action between the existing
concrete and jacket. An increase in concrete
compressive strength will result from the
confining action of the steel jacket. For

A new steel jacket is proposed for retrofitting of circular reinforced
concrete short columns. The installation of this jacket saves time,
labor and cost in comparison to available jacketing systems. The
assembly procedure would induce active confinement on the
concrete column. Retrofitted column would be credited with the
advantages of concrete-filled tubular columns. The jacket can be
utilized for repairing and strengthening already existing columns and
for new work regardless of column loading state; i.e. loaded or
unloaded. A total number of 16 cylindrical short columns were tested
under concentric axial loads until failure. The Concrete axial strength
was increased in value more than twice. A design method is
proposed.
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NEW STEEL JACKET FOR RETROFITTING OFAXlALL Y LOADEDCIRCULAR REINFORCED CONCRETE SHORT COLUMNS

INTRODUCTION
r seismic design, most building codes

have adopted the design concept of
Strongcolumn and weaker beam". This
ulddiscourageplastic hinging in columns.
trofittingreinforced concrete column after
age caused by earthquake and/ or to
plywithnew codes depends on jacketing

e column. Several techniques and
terials are presented in the literature.

acketing of column using additional
inforcedconcrete is commonly used in

t and abroad. Experimental studies by
y et al. [1] and Rodriguez et al. [2]

owed improvement in strength and
ctilitywhen the jacket is made after
oading the column. However, "the
ketingwas not very successful" when it is
e for loaded columns. "The column in

's case could carry only 50% of the axial
carried by a similar monolithic

cimen" [1]. This technique is labor
mtensive and time consuming and the
DIlprovement gained in strength is
proportionalto the increase in the column
crosssectionand weight.

Advancedcomposite materials have been
recently applied for jacketing reinforced
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flexural retrofit, only the plastic hinge region
of the column is retrofitted.

Most of the jacketing techniques
presented above have been utilized for bridge
columns. Relevant research related to
building columns is that of concrete-filled
steel hollow section composite columns. A
review of experimental and analytical
studies about the behavior of this type is
presented by Shams et al. [10]. Concrete
filled tubular steel columns is credited with
its high axial and flexural load canying
capacity, high shear resistance, greater
critical load in buckling, large ductility and
energy absorption in addition to saving of
form work for the concrete core. This type,
however can be utilized to new structures
and to those already existing but having steel
columns of hollow sections.

The authors propose a new steel jacket,
described below, that can be used for
retrofitting of circular reinforced concrete
columns. The installation procedure of this
jacket saves time, labor and cost in
comparison to other jacketing systems. The
assembly of the jacket would ir.duce active
confinement on the concrete column.
Retrofitted column would be credited with
the advantages of concrete-filled tubular
columns. The jacket can be utilized for the
repair and strengthening of already existing
columns and for new work regardless of
column loading state; i.e. loaded or
unloaded. A total number of 16 cylindrical
short columns were tested under concentric
axial loads ill failure. The obtained results
are presented in tables and a design method
is proposed.

THE PROPOSED STEEL JACKET
The jacket is cylindrical and is made of

two half-shells of hot rolled steel sheet. It
would be installed around the column as
extemal continuous hoop over the full height
of the column. For easy installation, a gap
should be left in the length direction between

the jacket and the ends of the column;i.
beams and/ or the footing. This wo
minimize any flexural enhancement whi
might cause excessive forces to develop'
adjacent members, Priestley et al. [7and8
The ends of the two shells at one side
prepared for welding on site. At the oth
side, they are over-lapped and prepared wi
the connection details shown in Figurel·a.
Two steel angles of the same size, gradean
length are used. The angles have the s
length of the shells. They are prepared
have bolts' holes of the same diameter
position and number along their length. Th
are adjusted so that the centers of the bol
holes coincide. The angles are then fillet
welded to the shells. High strength boltsare
inserted in the coinciding holes to connect
the two angles together and hence the two

shells to form one jacket. Tapered washers
are used under both bolts heads and nuts.
Having installed the jacket, the bolts are
tightened by hand to snug position. Finally,
torque wrench is used to tighten each boltto
a defined load. As a result of this, the two
angles and the ends of the shells, would
move towards each other. The distanceV
left between the two angles should bejust
enough to allow for this movement andfor
any tolerance required for the manufacture
process. Tightening the bolts would cause
tension stresses in the steel jacket and
hence lateral active radial pressure on the
concrete column. When axial load is applied
to the column, the concrete would be
subjected to triaxial stress. The active radial
pressure in addition to the confinement
provided by the steel jacket is expectedto
increase the concrete strength. When
welding in site is not allowed or more lateral
pressure is required to apply on the concrete
column, two connections of the same details
as described above are provided at the two
sides of the shells, as seen in figure I-b.
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3 - Bolts and nuts

4 - Tapered washers

b) Jacket for columns

3

4

longitudinal reinforcing steel bars. Axial load
was applied tll failure. The bolts were then
tightened and the retrofitted column was
loaded again tll failure.

Test Specimen
Steel Jacket

For this study, there was no need to
manufacture the steel jacket as two half
shells. The concrete column is short and not
connected at its ends to other structural
elements. A one piece jacket will cause no
problem in the installation procedure and
will not affect the obtained results. Ten steel
cylinder jackets having a length of600 mm
were made from hot rolled steel sheets of 2
mm thickness and grade 37. The jackets
were prepared with the connection details
shown in Figure 2. Two angles of size
40x40x4, length 590 mm and grade 37 were
prepared to have bolts holes of 13 mm
diameter at a pitch of 60 mm along their
length. Fillet welds of equal leg and size 3.0
mm were made at the positions shown in
Figure 2 to join the steel angles to the shell.
Tapered washers were placed under both
bolts heads and nuts to compensate for the
unparallel surfaces to which the bolts heads
and nuts react.

3

4

Details of the proposed steel jacket cross sectionFigure 1

1 - Jackel shell

2 - Welded angles

a) Jacket of specimens

EXPERIMENTAL PROGRAM
A totalnumber of 16 columns were tested
er concentricaxial load. The dimensions
detailsofthe specimens are presented in

le 1. To verify the use of the proposed
I jacketfornew work, strengthening and
. . g of already existing columns, the
and the results were divided into four

ups. In group A, no steel jackets were
and concrete columns were loaded to
e. In group B, the columns were
ed using the steel jacket. Bolts were

tened to defined values as shown in
le 1. Specimens JNRA35s ANDJORA35s

loaded only to 80% of their expected
. ate loads and the tests were stopped.

specimenswere investigated visually. In
up C, the steel jacket was used but the
ts were not tightened. Only the first and

bolts were hand tightened to avoid
ature failure. The concrete columns
loadedto 600 kN. At this load, the bolts
tightenedto a torque of 35 N.m and the

. g procedure continued until failure. In
p 0 the concrete columns were loaded to

urefirst and then retrofitted. Firstly, the
et was installed but the bolts were not
tenedexcept the first and last bolts. The
et was used at this stage to avoid the
blemsofinstalling the jacket after spilling
the concrete cover and buckling of the
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Table 1 Details of experimental specimens

Specimen Longitudinal reinforcement
Lateral reinforcementSteel facket

Concrete strength
BoltsInducedNo. GroupName deformed barsdiameter = 8.0 mm

torque
tension

N/mm~
No.Diameter mmpOlos~o N.mkN- 1 A PCB 18.13---- ---

2
NRB18.136122.341700.48--

3
PCA20.42---- ---

4
NRA20.426122.341700.48--

5
ORA20.426164.11700.48--

6
OSA20.426122.34501.63--

7
BJPCA14 20.42---- -146784

8
JNr~AI420.426122.341700.48146784

9
JNRA3520.426122.341700.483516960

10
JNRB1418.136122.341700.48146784

-------------._-

------------------------.-----------------.------.-..-----------.--------------.--------------------------------------

11 JNRA35s20.426122.341700.483516960
12

JORA35s20.426164.11700.483516960
13

CJNRA35- 20.426122.341700.483516960
L600 14

JORA35-20.42I
6 164.11700.483516960

L600 15
D NRA" 20.426122.341700.48--

JNRA35'
----- -3516960

16
PCA"20.42---- ---

JPCA35'
20.42---- -3516960

NOTES:

I - C-ancrete columns:
Diameter = 190 m1lllength = 600 m Inlength I Diameter = 3. 15 < 5

t= .Sreel jack« ,

Thickness = 2.0 mm
Diameter = 190--I---PiameterI Thickness = 95 < 100

- !:lolts:

SizeMI0 Grade8.8 pitch = 60 mm

g;

~
t'"

~

~
$:I

6.

~o



NewSteel Jacket for Retrofitting of Axially Loaded Circular Reinforced Concrete Short Columns

Concrete column
Sixteen concrete columns of 600 mm

length and nominal diameter of 190 mm were
cast.Thereinforcing details are presented in
Table1. The length of the reinforcing steel
barsis made less than the column length so
thatno direct loading was applied on it. For
lateral reinforcing, hoops of 150 mm
diameterwere made using plain steel bars of
8 mmdiameter. Noanchor was made in the
hoopsbut the steel was over-lapped over 100
mmat the circumference. Concrete cover of

20 mm was provided at the circumference of
the column. Hoops were concentrated at the
top and bottom regions of the column to
prevent premature failure, as seen in Figure
3-a. In only one specimen OSA,prepared for
comparison purposes, hoops were used along
the specimen as shown in Figure 3-b. The
steel jackets were used as forms. The
columns were cast vertically. After 24 hours,
the forms were removed and the concrete
were cured for 28 days in 100% relative
humidity.

Sleel shell
190

Ienglh

600 mm
diomeler

1901MI

Ihickness 2.0 mm

0
tiO 060 02 I ~OX40X4 1i0060

Boils

0

size

Ll 10 60

9rode 8.8

0

pilch 60 mm

fiO

hole

13 mm 0

Nuls

60

0grodto
8 60060 0

( a) Cross section ( b ) Elevation

Figure 2 Details of the steel jacket used in the experimental program
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50

s = 175

s = 175

50

d= I!;U----I
I--
---

600 600

d"" 190

I--

-----
50

50

50

50

50 = s

50

50

SO

50

(a) Normal lateral n:jnforc.;jr~g

Figure 3

ib) Ov~r lateral rcillfon:mg - OSA

D,:taiJs of reillforciag srcd in COIJ~ret.ccolumnt'o

Material Properties
Concrete

Two concrete mixes designated as A cUld
B were designed. For each mix, six 15:) X
300 mm concrete cylinders were tested
under axial load. The strength values were
calculated. The average values of the a'>ial
strength of cylinders at 28 days were found
to be 20.42 and 18.13 Nfmm~; for mixes A
and B respectively.

Reinforcement
Tension testes were perfor;ned on th':-ee

samples of each bar diameter, The average
values of the yield and ultim2te strengrhs
were calculated and presented in Table 2.

Table 2 MateIial properties of rejjllo1-cin~·.steel

Bar YieldTensile
Elone'jt1onDiameter
StrengthStrength Note«

mm

N/mm'N/mm'0/,

12

415.1667~.OJf)Dcl0rned

16

414.346'.17.4~J18.7Dcforr.,cd

g

282 S34-'8.31,~l::PJ[.ill

Steel jacket
Tension tests 'were carried out for the steel

jacket material. Two samples were taken
from the length direction and one from the
circumference direction. The yield and
ultimate tensile strength values were
obtained and their average values are 340

Nfmm:< and 485 Nfmm:< respectively. Bolts of
size M10 and grade 8.8 complying with DIN

931 were used for tightenirtg the jacket. The
minimum ultimate tensile load and proof
load for this size and grade of bolt specified
in ISO 898 - 1 [11] are 46400 N and 33700

N respectively. Nuts of grade 8 complying
with DIN 934 were used

Specimen Assembly
Conclete columns '\vere externally

conJined at the top and bottom regions by

steel collars. This prevented premature
failure of the column at these regions. [12
and 131. For retrofitted columns, the steel
jacket was installed and the bolts were
tightened to a defined torque using torque
wrench, (see Table 1). The tightening

C 66 Alexandria Engineerirog Journal, \/01. 38, ~~o:3, May 1999



NewSteel Jacket for Retrofitting of Axially Loaded Circular Reinforced Concrete Short Columns

procedurewas carried out in the following
order.After tightening bolt n, bolt n-l was
retigthened. Bolt n+ 1 was then tightened.
Thisprocess was carried out for all the bolts
in a sequential order to avoid bolts
relaxation.This procedure was repeated to
insurethe inducing of the required tension
forcein all the bolts. Plaster of paris was
then used at both ends of the concrete
columnto eliminate uneven top or bottom
surfaces.Each specimen was tested 48 hours
laterto allowfor nut relaxation to occur.

Specimen Designation
Three characters were used to designate

concretecolumns. The first two characters
are PC for plain concrete, NR for normal
longitudinal reinforcing, OR for over
longitudinalreinforcing or OS for over lateral
reinforcing.The third characters is A or B to
indicate the concrete grade as described
above.For jacketed columns, the letter J is
addedin addition to the torque value in N.m
whicheach bolt was tightened to. The term
1.600 was used for the cases at which the
concretecolumn was loaded first to 600 kN
and then the bolts were tightened at that
load.

Instrumentation
Axialdeformations were measured by two

displacement gauges reacting against. two
platforms. The platforms were attached to
the concrete surface through 40 X 40 mm

0
50 050 0 aot rpJCJe50 0 T

plotlorm

50 0 lJOUge50 length0 I50 0
-L

plotlorm
60 050 050 0

square openings. They were made in the
steel jacket specially for this purpose at 85
mm above and below the mid height of each
column, (see figure 4-a). This would make a
gauge length of 170 mm. At nearly the
ultimate load, concrete cover spills. The
platforms become no longer fixed to the
concrete surface and the displacement
measurements in this stage were not taken
into account. This did not allow the recording
of the descending part of the load
deformation relationship. However, the
technique is suitable for the jacketing
procedure utilized in this study and was
used before, (14 and 15).

Test Setup and Procedure
A Universal testing machine of 3000 kN

loading capacity' was used for testing the
columns, (see Figure 4-b). Axial load was
applied only to the concrete column. Steel
shims were used to insure that the steel
jacket was not axially loaded and not
reacting against the other jaw of the testing
machine until failure. The column was
initially loaded to 200 kN and then unloaded.
The column was then loaded slowly and data
were recorded at selected load increments.
The loading procedure was continued until
significant, dI:op in load was recorded. The
maximum load recorded is considered the
ultimate load of the column.

Figure 4 Specimen in the testing machine

Alexandria Engineering Journal, Vo!. 38, No, 3, May 1999 C 67
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Failure Modes
The failure of peA was characterized by

concrete crushing at mid height of column,
as seen in Figure 5-a. Figure 5-b shows that
PCB failed in a diagonal plane. Reinforced
concrete columns failed in similar manner.
Nearly at the ultimate load, the conc.rete
cover was spilled off.The loading procedure
was continued until the concrete core was
destroyed and the longitudinal steel bars had
buckled, as seen in Figures 6 and 7.
Retrofitted columns of groups B and C failed
in a similar manner.

Local buckling occurred at the sides of
the 40x40mm openings made in the steel
jacket. as seen in Figure 8. The concrete

cover did not spell off except at the
openings. Vertical cracks were observed'
the concrete column in the length directio
This wa'5 concentrated at the region ofth
jacket connection, as seen in Figure 9. N

concrete crushing was observed. T

column was still intact in one unit but t

concrete become fragile. JPCA14 failedaft
testing when removing the steel jacket. T .

caused the fracture shown in figure 1
Figures ll-a and ll-b show the era,
observed in columns .JNRA35sand JORI\J

respecti,,-ely. Most of the cracks were fou

in the side of the jacket connection rath
than in the other side.

Alexandria Engineerlr-g Journal, Vol. 38, No. 3, May 1999C 68
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SteelJacket for Retrofitting of Axially Loaded Circular Reinforced Concrete Short Columns

Figure 6 Failure of reinforced concrete columns, NRAapd NREl.

Figure 7 Failure of reinfororced concrete columns, ORA and OSA.

Alexandria Engineering Journal, Vol. 38, No. 3, May 1999 C 69



.ABDE~FATTAIf .and ABDO

.:"-.

Figure 8 Column clNRB H at faf:urc.

Figure 9

C 70

Column ,JORJ\:35 - L600 9t Failure: (1) pcot of concrete cov~r wef<' spilled off; (2) Loc~1bucking OCr.lUTt'd ill
"led jacket; (3) VC1"tica1 cr~( ks at the n:gion of the jacket cGnnection;
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Figure 10 Fractre of column ,JPCA14

(a) column JNRA35" (b) column JORA35s
Figure 11 cracks at 80% of ultimate loading capacity.

Alexandria Engineering Journal, Vol. 38, No. 3, May 1999
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RESULTS AND ANALYSIS OF TESTS'
Concrete Columns

Table 3 includes the experimental
ultimate loads Pt and other computed values
determined as follows:

Where Pc is the experimental ultimate
load of unreinforced concrete column having
the same concrete grade of the column
considered and t1P o/., is the percentage of the
enhancement in column loading capacity due
to the use of longitudinal reinforcement.
Equation 2, with ex. = 0.85, is of the ACl :H8
Committee, [16J. Equation -3 is of the
Egyptian Code for the design of reinforced
concrete structures [17J. It is a working
stress method equation and sp~cified for the
design of columns having heightf diameter
ratio not less than 5. It is used in this study
for comparison purpose. The concrete cube
strength used for equation 3 was obtained
as 1.25 the cylinder strength.

Unreinforced columns showed higher
ultimate strength than that obtained using
Equation 2. The results of NRA and NRB
agree with Equation 2, (Table 3 - col 4). The
increase in the ultimate loads of NRAand
NRB in comparison to unreinfol'ced concrete

6P % =' 100 (Pt - P<:)i Pc

p" ::: l~ £ Ac + As 1;
Pw = £.••. Ac + 0.44 fu fy

{I)

{2)
13}.

colunills is in the range of 17%. This limit
enhan.cem<mt is less than that produc
when' adduIg the yield load of t

lpngitl.idinal reinforcing steel to t.he ultim
load of unreinforced column. Equation 2,
this particular case, under estimates
over estimates the concrete and st
contributions respectively. This refers tot
low volumetric ratio of the confining late
steel in the columns.

The ulcrease in the longitudinal st
ratio did not improve the ultimate load
column ORA. Equation 2 over estimated
ultimate load in this case (Table 3 - col 4
5). The value obtained using Equation 3 fI

tilis case is not consistent with tho
obtained for NRA and NRB, In contr
increasing the volumetric ratio of late
confining steel p = I .64% and reducing
ratio sfc.s to 0.26 as column OSA, display
large load enhancement. This is due to
satisfactory performance of circular hoops
these lateral reulforcing conditions 11

Equations 2 and 3 under estimated colu
OSA loading capacity in comparison to N

and NRB. They do not include the effect
the lateral confining steel. More experimen
work is needed to decide whether or 1

lateral confining steel should be expressed
the design equations similar to sp'
columns.

Table 3 Results of concn:te columns - group A

2.790.9-11.046

:ns..:~.nN-::i-<~i·.,nrunm --T n.-.~tij:~I~~~J~:~•••I••••~~~:=nLu;,I;t'"
L 1 NHB i 719 17: 1.0 0.90:3 L6'!
:l I peA I 693 IA08 1.12

: !, ,
; NRA i 809 16.7:, ,
I I I

:5 I ORA : 795 14.7 I 08 0.74 2.O'J

: (, ! OS1\. 1',· 990'; 42.8 I 1.28 ,1.15 ~-l4)
'.----- •• ..l. +- ---- ----:--- -.~.- --. • ••• ------L-.. +. • •• _. _; "" __ •••• _ ••• _ ••••••
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fL = as +aa +ap

aa Sb dj2 = Tj2

2 fys Ass = as s ds

(8)

(9)

(10)

T1j2 = Sb (aa + ap) dj2 (11)
The value of fL is the actual affecting radial
pressure while ap is the net value applying
on the concrete column. The values of the
ratio R , (Table 4 - col 5) obtained using
Equations 4 to 7 are in the range found by
Richart et al. [20]. This applies to all the
columns except that of JORA35-L600.

their counter parts of Table 3, column 3.
Tightening of the bolts in the jacket would
induce active lateral radial pressure aa, (see
Equation 8 and Figure 14-a). When an axial
load is applied, the confining action of the
jacket in addition to the hoops, if it exists,
would induce passive lateral radial pressure,
ap and as respectively. Equations 9 to 11 and
Figures 14-b and 14-c illustrate the
relationships between the different
components of induced radial pressure at
failure.

P = Pt -As fy (4)

£...: = P / ( Ac - As) (5)
£...:=£0(-1.254+2.254[1+(7.94fLjfc))1/2-2fLj£,) (6)
R =(£oc-fc)jfL (7)

keted Columns
Figures 12 and 13 compare between

e relationships obtained of the applied
adsand axial strains of different column

specimens. Table 4 includes the
experimentalultimate loads and other
computedvalues determined as follows:

Equations 4 and 5 were used to
calculatethe experimental values of concrete
axialstrength in jacketed columns kc. The
correspondinglateral radial pressure causing
confinementfLis calculated from Equation 6.
Thisequation was described by William and
Wamake[18] and adopted by Mander et al.
[19] in his theoretical model for confined
concrete. Concrete axial strength was
enhancedmore than twice (Table4 - col 4).
Thiscaused an increase in the ultimate axial
loadof jacketed columns in comparison to

Table 4 Results of retrofitted columns.

Specimeu
Pt

X = Pt I Pt*
fecI£'(fec- £,)/ fi.oJI OJyTbl TyPt! PD

No.
Group NamekN

(1)

(2)(3)(4)(5)(6)I
(7)

(8)

7

B JPCA1412801.852.214.440.941.141.06

8

JNRA1416402.022.44.120.981.191.05

9

JNRA3515901.972.324.261.141.381.14

10

JNRB1414332.02.314.260.790.960.98
-----------------

------------------------------- - - - - - - - - - - - - _.------------- - - - - - - - _. - - - - --- - _ ..- - - - --
11 JNRA35s13001.61

12

JORA35s16702.1

13

CJNRA3=>-L60016642.052.454.051.281.551.19

14

JORA35-L60019972.512.73.651.59
i

1.92 1.26

15

D NRA*6870.850.72

JNRA35-

14501.792.064.690.911.091.04

16

PCA-4900.70.85

JPCA35*

12751.872.24.450.971.181.25

Note:
Pt- experimental ultimate load of concrete column having the same details of the considered column but not jacketed (from
Table3)
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0--"--- -51

LOGO l,lll!O

KI<
~,

16C'':
HOOH~OO

II1000
JNRA35 -L600I

JNRA3SS

aoo (J---- •.•.-E,I
'GC

•... - - ..•NRA

I
IIStrain

%1

I

I, --+--+-'-f--+--+-+--+--+--+--~
02

~.<o.~~.60,70.8M;'.'121.3,<L~

'800

,<Co

••00

1eGO

•

-;------t--+--+--- +---+-- I I
.:'1 O.? i).J :).... O~ O~ 0.1 O~ 0.9

•

JORA 35'-LMO

JORAJ~}

ORA

peA

S tr~o.in :~

I I I •.+-
J.\ !:! 1.3 :.~ L.~

Figure 12 !I[JpU~dload - oxioJ strain rd,Hiollsl1..ip (If
columns NRA. JNHA3Ss 011(: JNRA3S-L600.

Figure 13 Applied load· axiHI SU,>]illr{'latjoll~hip of
cohlluJJS ORA, ,J()I<A~IS·.peA and ,JOHA.!:;
L600.

Active lateral radial

pressure

Hoops passive lateral
pressure

Jacket passive lateral
pressure

v v

1/2 T/2 Fys Ass T1/2 T1/2

( a ) (b} (c)

1'tgure 14 Confining 3ction due' to (a) holts "ighteni::g. (b) hooJls and (e) :;teeljackct.

of retrofitting already
Equation 8 would be

where a is the lateral radial pressure
produced due to the initial applied axial load.

(12)(aH + a) Sb d/2 "" T/2

,JNRBI4 did not affect the ratios £:c/f· and PI!
Pt * (Table 4 - col 3) to a significant level.
This showed the success of using the jacket
to ccnfine columns made of low a'\ial
strength concrete.

Fer the cases
loaded columns,
modified as follows:

Increasing the tightening degree of the
bolts, as the case of JNRA35 in comparison
to JNRAI4, would insure good contact
between the jacket and the concrete column
and increase the induced active lateral
pressure. The net lateral pressure applied on
the concrete column would also be reduced
at failure. This is beneficial when the lateral
pressure value is approaching the concrete
strength. However, the forces u-,duced in The
bolts and the shell of the jacket are
increased, (see Equation 11). The change· in
concrete axial strength as :.he case of
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Thiswould reduce aa value and hence the
forcesinduced in the bolts and the shell.
This is expected to cause higher ultimate
loadin comparison to non loaded columns as
thecase ofJNRA35-L600. Column JORA35
1.600 showed relatively high ultimate axial
loadand strength. The authors find no
explanationto this result at the time being.
Theretrofitting of already failed concrete
columns,group D, gave nearly the same
resultsoftheir counter parts of group B. This
resultagrees with the findings of Gardener
et.al. [21],(specimens 31 and 32).

C 75

CONCLUSIONS
The proposed steel jacket may be used for

1) new work and 2) strengthening and 3)
repairing of already existing columns.
Tightening the bolts of the jacket after
injecting a filling material between steel
jacket and column would insure good contact
between the jacket and the concrete column
and induce active lateral pressure. The
confining action of the jacket in addition to
the hoops, if exists, would induce passive
lateral radial pressure when axial load is
applied. Concrete axial strength was
enhanced more than twice. This showed
increase in the ultimate axial load ofjacketed
columns in comparison to their counter parts
of unjacketed columns. Increasing the
tightening degree of the bolts would reduce
the net value of applying lateral radial
pressure on the concrete and increase the
induced forces in the bolts and the shell of
the jacket. Failure of the column would
initiate due to yielding of the bolts and/ or
the shell. The occurred elongation and/ or
redial strain would reduce the confining
lateral pressure on the concrete and hence
its axial strength. The use of the jacket with
already loaded columns showed relatively
superior behavior. The jacket showed its
success in retrofitting already failedcolumns.

steel details. The value of fL is calculated
using equations 4 to 6. The value of Pt would
be the required loading capacity. The values
of as , aa, ap and Tl are calculated by
Equations 8 to 11. The shell thickness and
the bolts size, grade and pitch would be
defined according to the value obtained from
Equation 13. This method is used to
calculate the design ultimate loads of the
columns considered in the experimental
program. The calculated values are in
acceptable range of the experimental results,
(Table 4 - col 8). This does not agree with the
results of group C due to neglecting the
radial stress a .

(13)Sb =(T+T1)/2

Procedure
The design is made assuming that the
umnis unloaded and yielding would occur
the bolts before the jacket shell. Further,
boltswouldbe tightened to a degree that
e good contact between the jacket and
concretecolumn inducing active lateral

pressure. In practice, it is
mmendedto inject a thin layer of strong

materialbetween the concrete column
the steel jacket before tightening the
. This would minimize the effect of

circumference irregularity and
egoodcontact between the column and

jacket.The data required for the design
dure are 1) the required enhancement

the column loading capacity, 2) the
ofstandard concrete cylinder, 3) the
geometricalcross section details and

the longitudinal and lateral reinforcing

Failure Mechanism
Failure ofjacketed column would initiate

dueto yieldingofthe bolts and/ or the shell.
Therelativelylarge elongations in the bolts
end/ or redial strains in the shell would
causereductions in the confining lateral
pressure and hence the concrete axial
strength.The concrete column would be
crackedas described earlier. The induced
ilrcesat failure in the bolts and shell of the

ket are calculated using Equation 13. The
btainedresults are compared to bolt proof
ad andyieldingload of the jacket shell and
sentedin columns 6 and 7 of Table 4.
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NOMENCLATURE
A, Gross sectional area of

concrete column.
A, Cross sectional area of

longitudinal reinforcing steel.
A$s Cross sectional area of hoop.
D Diameter of concrete column.
ds Diameter of concrete core

,hoop to hoop centern.
£. strength of standard concrete

cylinder.
fea allowable axial stress of

concrete.

: fcl' axial strength of confined
concrete.

"fL Lateral radial confir...mgstress
on concrete.

fv yield strength of reinforcing
steel.

["$ yield strength of hoops steel.
Pc experimental ultimate axial

load of plain concrete column.
Pt experimental ultimate axial

load.
Pu ultimate design axial load of

reinforced concrete column.
P", allowable design axial load of

reinforced concrete column.
Sb bolts pitch.
s distance between hoops.
T Tension force in 2 belts due to

tightening.
Tb Total force in bolt
Tv proof load of bolt
T1 Tension force indu<.:ed in 2

bolts when axial load IS
applied.

tJ Thickness of jacket shell.
0. factor.
p percentage of lateral

reinforcing steel volume.

t,p percentage of ultimate axial
load increment.

a radial lateral stress due to
initial applied load.

aa active lateral radial pressure.
crj radial stress induced in jacket

shell.
crjy yield stress of shell material.
crI' passive lateral radial pressure.
0s passive lateral radial pressure

due to hoops interaction.
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