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ABSTRACT: The effect of pure axial pressure on elliptical reinforced concrete columns made of Review History:

normal (NC) and high-strength concretes (HSC) enclosed by glass-fiber reinforced pipes (GRP), as well  Received: Oct. 30, 2020

as a carbon-FRP, was investigated. Behavior refers to compressive capacity (CC). The effect of concrete  Revised: Jan. 27, 2021

type, casing, wrapping and its layers were investigated. Totally 12 columns with 200x120 and 600 mm  Accepted: Apr. 10, 2021
height were constructed; they were divided into 2 groups of NC and HSC; each group was divided into ~ Available Online: Apr. 21, 2021
two parts of 3. The first part had a casing and the second part did not. From each part, the first column
lacked a reinforcing layer, the second with one layer and the third with two twisted layers. The wrapping
and casing improved the columns, behavior. Using one and two wrapping layers increased the CC by
19.7% and 28.7% on average in the first and 11.0% and 28.7% in the second groups, respectively; the
use of casing resulted in an average increase in the CC of the columns in the first group by 4.15 times
and in the second group by 3.51 times. Although the wrapping and the casing both create confinement,
the casing has a much greater effect on improving the columns behavior due to its greater confinement,
and the effect of the confinement on the behavior of the first group is also greater. Comparing the effect
of casing enclosure with wrapping showed that the casing is much more effective, and its effect is more
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1- Introduction

CFRP has been used in civil engineering for several
years to strengthen and improve existing structures as well
as to build new structures. In recent years, various methods
have been developed to reinforce concrete columns using
CFRP, of which the wrapping of columns with these fibers is
known as the most common method of reinforcing concrete
columns. Enclosing structural components with CFRP
increases the load-bearing capacity as well as the ductility
of the structure. When concrete is enclosed using this type
of coating, its behavior changes and its stress-strain curve
will be different. So far, much research has been done on the
axial compressive behavior of CFRP enclosed concrete. The
vast majority of studies agree that the use of CFRP wrapping
increases the strength and axial ductility of the columns.
CFRP fiber reinforced polymers are the most common type
of composites used for structural reinforcement due to their
suitable mechanical properties, easy installation and high
strength to weight ratio. In addition to these advantages,
low fire resistance and the inability to apply on wet surfaces
and at low temperatures can be considered as disadvantages
of CFRP composites [1-3]. Another method of reinforcing
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columns is to use casing tubes. To date, various studies have
been conducted on the use of plastic pipes and steel pipes
as casings for concrete members, which have had positive
results, but so far, the use of GRP pipes has been less studied.
The use of GRP pipes to enclose the columns increases the
compressive strength, reduces the slenderness ratio and
increases the buckling resistance [4]. Also, the use of elliptical
GRP pipes has been less studied so far, and the results and
calculations indicate that the elliptical cross-section is the
best cross-section in reducing shear stress and thus reducing
scour around the bases of the piers [5].

The aim of this study was to investigate the effect of
separate and simultaneous application of GRP casing and
CFRP wrapping on the behavior of reinforced concrete
columns with elliptical cross-section and made of ordinary
and high-strength concrete, by making 12 specimens of
reinforced concrete columns; elliptical with diameters of 120
and 200 and height of 600 mm, with and without the presence
of CFRP wrapping and GRP casing, and determination of
their compressive capacity and axial deformation, this goal
is pursued.
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Table 1. Mechanical properties of CFRP wrapping and
GRP casing

Composite specifications CFRP GRP

wrapping  casing
Thickness (mm) 0.166 8
Density (kg/m?) - 1800
Weight per unit area (g/m?) 300 -
Tensile stress (MPa) 4900 75
Static elastic coefficient (GPa) 230 120
Poisson's ratio 0.3 0.4
Ultimate strain (%) 2.5 1.3

2- Research methodology
2- 1- Specifications of CFRP and GRP

The CFRP composite sheets used in the research are one-
way and made by TORAY Japan Company. Elliptical GRP
composite pipes are made by the Shiraz Faravard factory
and are produced with resin-impregnated glass fibers. The
mechanical properties of CFRP wrapping and elliptical GRP
pipes based on the manufacturer’s data are presented in Table 1.

2- 2- Experimental program

In the casting of high-strength concrete (HSC) micro
silica gel was used. Also, to increase the compressive strength
of concrete, the ratio of water-binder was reduced to 0.2. The
slump was 80 mm in ordinary concrete and 190 mm in HSC.

The details of the mixing design of normal concrete and HSC
in the construction of specimens are presented in Table 2. The
results of compressive strength tests at the age of 28 days are
given in Table 3.

2- 2- 1- Specifications of specimens
Table 3 presents the specifications of laboratory research
specimens.

2- 2-2- Column test

The columns were tested by a hydraulic jack with a
capacity of 5000 kN. The experiments were performed by the
deformation control method with a loading rate of 10 kN/s [6].

3- Results and discussion
3- 1- The ultimate capacity of the columns

The ultimate capacity of the columns is shown in Figure
1. Comparing the capacity of different types of columns is
evident from the figure.

4- Conclusions

The key results of the research are as follows:

1- The use of GRP as a formwork and reinforcing casing of
elliptical reinforced concrete columns significantly increased
their compressive capacity, so that the compressive capacity
of columns with casing compared to similar columns without
casing, respectively, and on average in columns made of
ordinary and high-strength concretes were 315% and 251%
more.

2- Reinforcement of reinforced concrete columns with
CFRP wrapping increases the compressive capacity of the
columns. On average, the use of wrapping in columns without
GRP casing and made of ordinary and high-strength concrete,

Table 2. Details of the mixing design of ordinary and high-strength concrete in the construction of
research columns (kg/m3)

w/b Supgr— Micro silica Sand Gravel Water Cement Type of
plasticizer gel type 2 concrete
0.4 - - 906 904 160 400 ordinary
0.2 3 55 720 930 123 550 High-strength
Table 3. Specifications of research laboratory specimens
12 11 10 9 8 7 6 4 3 2 1 Row
GHF2 GHF1 GH HF2 HFlI H GNF2 GNFlI GN NF2 NF1 N Name of specimen
A A A NA NA NA A A NA NA NA GRP casing
A A NA A A NA A NA A A NA CFRP wrapping
2 1 - 2 1 - 2 - 2 1 - Number of wrapping layers

The cross-sectional dimensions and height of all columns are 120 x 200 and 600 mm, respectively.
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by 33% and 10%, respectively, and in columns with casing
and made of ordinary and high-strength concrete, by 28% and
11% showed an increase. These results show that the effect
of wrapping on increasing the capacity of columns without
casing made of high-strength concrete is less.

3- Examination of the failure of elliptical reinforced
concrete columns showed that most of the columns were
broken due to buckling of longitudinal rebars. In GRP-free
columns, rupture occurred mostly locally and gradually. In
these columns, rupture occurred at one of the two ends of the
column, which could be due to the lower confinement of the
concrete core at both ends of the column by the network of
rebars. Whereas in columns with casings, complete rupture
occurred in the form of destruction and with the sound of the
explosion along the entire length of the column, which can be
attributed to the very high degree of confinement caused by
the casing; This amount of confinement prevented premature
buckling of the rebars, reaching all parts of the column to
their maximum tolerable strain, buckling of the longitudinal
rebars, cutting of the helical rebar and finally rupture of the
column.

References
[1] Zeng, Guo, and Chen, “Stress-Strain Behavior of
Circular Concrete Columns Partially Wrapped with FRP

Strips,” in Composite Structures. vol. 200, ed, 2018, pp.
810-828.

[2] B. Ejtemaei, M. R. Tavakolizadeh, and A. S. Quds,
“Investigation of the effect of GFRP wrapping as separate
strips on the behavior of reinforced concrete columns,”
presented at the 8th Annual National Iranian Concrete
Conference, Tehran, 2016.

[3] M. Santandrea, I. Imohamed, H. Jahangir, C. Carloni,
C. Mazzotti, S. De Miranda, et al., “An investigation
of the debonding mechanism in steel FRP-and FRCM-
concrete joints,” in 4th Workshop on the new boundaries
of structural concrete, 2016, pp. 289-298.

[4]1]). Xiao, J. Tresserras, and V. W. Tam, “GFRP-tube
confined RAC under axial and eccentric loading with
and without expansive agent,” Construction and Building
Materials, vol. 73, pp. 575-585, 2014.

[5]Y. Hassanzadeh, H. Hakimzadeh, and S. Ayari,
“Investigation of the effect of different shapes of bridge
piers on the flow pattern around it using Fluent software,”
Iran Water Resources Research, vol. 1, 2011.

[6] ACI, “Standard practice for selecting proportions for

normal, heavyweight, and mass concrete,” ACI Man.
Concr. Pract, pp. 1-38, 1996.

HOW TO CITE THIS ARTICLE

DOI: 10.22060/ceej.2021.19193.7099

M. M. Raghpour, S. F. Sajedi, A. Dalvand, Evaluation and comparison of capacity and rupture
of elliptical columns, with and without casing, and application of single-layer and double-
layer wrapping, under pure axial pressure, Amirkabir J. Civil Eng., 54(3) (2022) 207-210.

210



785 500 ()] yo (o kien & i

V08 B VYA Slomio VF) o oF 0)lad OF 053 S peal (e povi &y
DOI: 10.22060/ceej.2021.19193.7099

S 25)8 9 W g 9 b UK (o (1 (gt (SS9 CudyB Ao g L5
MBJ)W)WQ’Q@&)&’QYSJQQY

G| ERKVON I X T L [ WPV SR VRV

el 51sal e oMl 3131 o8l olgal sl ¢ lyas 9,5 -
le\ ‘bu £y ‘OL:»J)J oKy ‘d‘)‘“‘ o”§ -y

1891 axu )b
YA/ AL redl
WAV A 26,5550
VoL OIVY 1y
Ve olo¥]eN oMl )

5 gene sl o jlodd aisle o ghaie b a)] (2 slo (g 1 (Al gy JLiB 56 Gidow oyl ) tAOME
o 51D s (s ey B s> (e o 9 ke S 00 gl (SKetdly B Ly o Canglio
WY beos 505 (o o (o Y 3las g oo g0 «3ME (40 &9;,;‘l:.¢w|mw;;,, Glkd cud )l «ud b 3l jelaie 0,5

o sledd adle Cud a4y ol= b 09,5 93 s by gt S ablio o Juo Fre gl g VWr 2 Ve glalad 4y gt

: g lS s 309 ol 936 pg> iy g OME (gl gl i 50 e 25 e (B 93 & 35 09,5y g englinyy g (Jgese (sla

e e O g
Cod )b

Cuaglieyy (50

GRP Gy

el g3 o NS g y90 0D gap9d Y 93 b )50 (g g @Y S L (gt S g (gl Y W81 51 S S 2
S8 byl 3 YN § ZAVY 33l s (3 S0lio ysbo 41 a0 Y 99 5 4 <SG (599381 0335 o (520 8, dgu0
2570 lin 4 gl 9,5 3 1o ppgias bl I8l (Solio OME 318 0305 pg 03,5 )3 AYAIY 5 70 5 gl 05,5 5

ol 5 i gl 09,5 (slam g 518y 2 Cuyguame 13U i o )l L gt 5185 dguts 12 (630L 5 sl 23U

laojls cale 3 Cuglioy oyl edlatwl 0950l [V] b oo BT A
w8l glyy s adyin sbyyeiS 53 il sbpladlo oy 4 Cilise
iS5 (5)Las acuglie 4 plgice g cul Sblje dloa Il
olge 51,8 o)Ll Wyl eS8 s pdsdehi g S (S)) caps Y
L g plio awlo g oy jloslatul oy )3 YU (slacaoglio &y (s 5> Fgo
Sz o)l )3 Cadgiome ((Bpae ploss jle (Rl sl S
Olosw 4 O s g canlio (o5 Jgta b dwle 51 olil liSa
S Slgo 3l o2lizal b (izren Al o Jobe Kon sl culie
OlFie prabewgSue diile g Sm @23 5 S (alaojlal b g i)
Cuoglieyy (slagity )3 ge5 dntd ) o5 o SIS L 5 SSlyie o
ol 1 JBe g ol |y e 4 f o ISl ao bzl
2B Ll g Slgy el (el ] Cund (65 i Cuaglia b odl
G0 ) sl Y igdo dad oS sl Ol b oS labglie i

V] 05 eolatnl odiiS g,

1 High Strength Concrete (HSC)

dodko -
¥ gaxe g bojls (:SSke job & &5 Jb 5 by b
YL o o )4 Lol sl anily wde joe Jlo Voo Plis b o
Slyie 5 osilh (Al alIS L 5 s 4 wwato pl 3 syl by
Velawgio jobo 4 olpl 3 (i OV gae g baojlo eclal 5 g )
b leidlo alsl 3 Buas slap Cuoglio fipa )b LLL JW
@ bbb 2V 5l i 50 g ol JSKwblKe YO yiSTas (g8 5
sob & byl layglS )3 dgd e dgaome JSwlle Ve Sl
JSblEs Vo I Be cnglio b (clapysy Gyas o aJsi cglosiylsd
Of S W) wdy s &S Caol Jasuie plpls Cul sad Jgliie
)13 3529 (IS 933 ko ) i pie S Sl )9S D By
Cuoglie J8lis cole)y ¢)ouiS V¥ 40 jllpuis pols i b 3illas 1Y
13 Canglin g (claoyms 5l ool 5 i sloojls ok > JISKwliSe b

blgs asuie diw ool 0 aS =i gl &]9.)‘ g slacl glysl

sajedi@iauahvaz.ac.ir :olsle Jbore orimgs ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

)+¥4



V05 VYA dxbo NFe) Jl.u) & b)lo..m HY 0,93 ‘),.S)ml ul):..c L;u:.,\...e(e d:)uu

g Y ol ol 381 b cuolite iol38l ol bol (g 0 0L Loy Y
o9 Lol el salss ol byl Slgl8 U yed gl &Y
sl el 5l (o SUI (813 slel § )5 (6 58 8B o sy
CFRP L osis jgamme i (slaailgiol (6l JSKb g Caoglio p 550
gaie JS5 3)90 53 0 plodl ClidoS iz V) 9 V] Ml
shbtus 5 (uye gblis o ol 03y (iS5 0ad (gilupslie (slagygin
P lpj S o jl8  Sud jpame Wb Cod sloph ablis ojlul &
5 s CS1giSy 00 jguanns )Lt (ol abolio BM yy ablio oy
Sl 23)S bl > gloply sgsie 4 Cuns oy slaggie
GFRP GUI 136 o' )5k 4 solei o Joo5 1y 505 (2lod U105
oS 15 g (pe gblio plp ¥/0 3935 (flopls dblie g)lid e )b
e gblio ) (Jg el 19, S gm0 jLES (slopl abolie
Ml wlio y Jltis cp S & ABsS 5 e cpyiLhe § Ui ol
adlas o (slaygin 6 ph JSS (awyp 4 o] (pizen S o s
S S Gl 39l slo > oo b (sl gt 45 0133 5 does g wizshy
GFRP GUI 156 4 g y9bo a0 0515 (oo (sl im0 4y Canns (65 i
ol cnl e g (e gblie plp ¥ dgas (dlopls dblie (s o IS5 5
Cunls (lopls gblie oS jgae lid CEleSh @iy 2 l¥e )
Lol jpae JBg mue (o Glagigin (owyp 09Me 4 [VY-)0]
oo 5> e 3Skos lagygis ol & amd e oLis CFRP g0
slooyis hls & wue (0 (JBg5 slaggio g ) 5y o)l
ooy &5 obaggin b aulio 1 6 F0ke 25 Hb e lopld
ogMe b ygiw a8 0 LS gl Cpined WS o Jeou cliidld xye
FDV g V] sy 15 (oYh i S g Cenglio (el plgd
G sye b o abul (gilepglie doys &S edly L Clduiss Ko (g
53 bwgie g CaoglionS (clap 5l o adlu sla gt ¢l CFRP
Alpee y ol ool il s sl St canglioy lagys b anolie
Cuoglie dy Cuns 0055 jaasie Y (gouw 1 ol D] Cuoglio 1393 1S
b e (2 slogyginn (53l jgamme gy M 9 V] canils o (s )lzé
izl bl sl Jge sl g9l ghaie b slopysio sl CFRP
ol sl el S il oo Sl o bt slagysio sl o
013 ploxl Clidod bl oo (pdn 4 Jehatus glafie a5 (o501 ol
an Nl gblie sl aag bB (ilis cd)b o5 s o i

» CFRP L osis jamme o0 (gygoe (658 cud )b bl o cowd &

ouds ale i slaggiw slly 3 Slas (0l Clados (g8

oad pll ' 098 (syerh (S oy e b Cweslien o ]
S 5 5 gleal ol ol ond plosl Sldllae 3] & gyl
Conglioyy (3% 3l oad ables i sl gt Sl SS9 gylid e b
2 ogMe Cunl aiBld S50 (2P JB Hob 4 55530 SbrGyg E9d b
5 S L oad Coshi (i oo 0 S Sl P ol
13,5 osalie bl atas 13 (3L (Siwgw ogliop o 5l odd adlu
Bl i S dgnp el CFRP (ladd g I oolil (puizen
5 Casi yghie & CFRP 1 col Jlo iy [1-0] 25 oy
oo )3 b sbojle cale (pizes 5 39290 saojle (il
Casl Sly (Blizee sy bl ladle )3 D9 g odlitul o yes
opl 31 &S cul osis glul CFRP (cla g 5l onlial b (i (slavygin
Cog gy npdghie gy 4 bjly cnl b baggie geyed obe
cely CFRP L ojlo clin] (65lo yguame 395 o aiblid it (slovygies
By 235 0 03l SR SS G938 e 5 b )b IS
50355 yid ol By gdice ypame Libgy g5 cul Sl edlil b
il sladge Jlo 4 b &S gy amlgs cglate o (15,5 45 oxie
S5 ()i Jd) (ool liiod (yeScal oad iyl aie ol 5
plosl lalllas 551 4y o )3 .ol 0as plosl CFRP b oss jgame oy
il el CFRP g 00 5l o0litl a8 3515 a5 gloa pol ol 5 005
b odd Cogii (slajeddy 2950 lopygiw ($)90 (s ls S g Cunglie
o wcwlie (Sl sla Sy ode )b cde 4 CFRP LU
St g j5alS” 5| 65 (i sane Vo (g 41 Cunglio S g o
docs iy cnl JUS 53 g o odlitul (slojl (gilury 9 Cusi slp &
25 wsbye po g9y p Jleel 3 Slgl 5T w53 68 Cuoglio
b Shs b TSUI L oad cosl Slogw 4l (098 slacajoesls 5,
73 gladlo ;3 « CFRP (clacojonels & cons 363 sy g
lioly o Slidos 5 il e oles 4 byl Gyl (LS00
oo gl (lyy 9 <85 plodl dacjonels (pl )13, Hoie cald
390 50 oad pbol Cladss s ed [A-F] 03,5 sty SUI )8
Goe (§Hlid cud )b oS sl 00ld LS o> slaayY slasi il
Slass 2al381 b CFRP 90 b o jgame sl 608055

1 Carbon-fibers reinforced polymers (CFRP)
2 Fiber reinforced cementitious matrix

Yol



VedF U VoY dio NF-) JL“’ Al O)Lo..w OHY 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c du).mJ

ol el b gie Coygame e GRP cladg) i oslitul o)l
Sgge eyl 53 Conglie G 5 6 £Y LS (sl b s
a5 Bl Cod daygiw ;0 BME go cpl jl oolatul s YY) 4 Y]
J)g)l.{ )I ngl; 0. .)1.’>u1 Co ypasto &S JJD; odnlin 9 o )
syl cou g cpl cud)ls ilidl s gllee GRP oy
gy DA ) (S LBl (] CanSl (698U 9 30 (950 sl
o Cud 5 Aol Cwalbus inlidl ogMe @ .l s (65, pdaw 4
sty BB lde 4 )y ps ply > Cueglie (U 5 4 (S SV g3
Silwpglio 1y GFRP oy 5l sl b dngi b g o o i3]
Slge Hlade yial3al a5 el Cawd 4 g o o3l e 41 (slavygiu
LYY 5 ¥Y] )0 15 (ojlopglie olnebsl cubls ja3ls » FRP
3p)5 lojen g HBlas 15U alKisles] w)p B s oyl )
dato b e 45 sloygin 418, 5 CFRP zy)90 g GRP G
gyl g Voo g We glajhad b S (ot e (g2 (g0 45905 VY
o 5 GRP (g M 5 CFRP jpan 90 9 b 2o oo ¢

Gl ol JU> s L};.I cl.a:o] Sygome Sy g (g lid cud b

2 yao GRP Y g CFRP gy 95 Olasuino -Y

S Oygo 4 Guiod > oad SMEWICFRP  560elS (ladd g
ol o islejl 5w Wy a8 cleMbl wl! » CFRP
ASTM , [¥¥] ASTM D7565 (clas sl o <o 4 005
oS Ll g oS S g () J JSiie (G 9 ©ppo a5 L €S53
bgbo Cowd by dddd gy JBls G 4y 5 oS3 VY Cd b i
slod 5l Sl ol 5l udlye 5 iy (S sl p5Y loj o g o
O o8jle €858 sladnogi 4 dagi by B)luie s j3 5 0dg L
JEublEe Vo Jooo B S i Gl puiie 35, Y B O
o oS 5 Olastie il e AV/E o] i8S (SinS J5)S g
Gk o1 sl (glatlol 1 g odijls S5 )S (3)15 bl 5 S e
Aot cows 4 [¥8] ASTM D63A 5,1kl

Sy 3l wls )5 cal S pan GRP jsls cladly)

1%y

Cooglio sl e J?‘”“ G 5l eolazwl b O‘?xu" Iy Sydm b ygiw
Jid 03l b slo sy slaygiw yo CFRP  ouss Jpae s )y
s o b Jolro (59215 0 S 53 oo JS5 18t copo KoL
il ly GESm S Jae Sy prizer 28 ol CFRP e
Sme ol 2 lopls g (ot dae b e (i (slagyginn (5)Li3 )13,
Cosls sl bey 3l 50 (& VY 5 Vel S Wl CdS— g0
ilizee ladss Jlbs 4 b sl o M IS & dgl 5l ool by giuw
sl B plgis 4 3V b (ladlg) 57 (Sl slady) jl oslil
ozl ygSb Jg ailansly ite guls &S wusl o plool i (slac!
GRP slady) jl solitul .ol g8ly )y 3)90 505 GRP cladg)
5 Y alS «(5)lid Cunglio (ljal el bagygin Cojgae S
aSaasb o Kb paw GRP ladg) 5l ol cul osd )y )85
» doie sy JS5 o el 8 sl o oS Sl 5 ol
s laal Glbl Siws O gals asms )3 g by Si5 yiels
Y58 sl gie )18y pogad 3 (ool Clides (g8l VY] Al e
Slalllas zST1 50 ol 0 plol (g5Lid d9)*’"‘7°u°b°~\“’)’d9*4”
5 3B sladly) )3 (rdge LS ©jgo 4 CuSlS sladge 0ad plol
4 lad s Ll L g )5 odmliie 008 b 0 (S (SNiunS
Cuolbus 4y ylad cons (I8l L g il Ldied gl S Culsus
SIS e LS b Y (glagygie plod Sl A oS (S
& 2l pileS 5l LB oY ed xdge malud 3)lge ST 5> Lol oolidl sl
s Sl 4 i Jaemo (5l e adle gla st g Cusl 22l
S b Cueglioyy (i o ale (glagygie 4 Cund il IS
ol 09Me [YV=YF] sl Cuoglion b oy (Sauss Jds 4 yol oyl
By S (an gae b 1Y (slagygin 5 g9y p o plol lidios
d).c\/ u‘ul)s\ L L;:Le(v LS')’.)lf u.a.‘))]o a5 Cawl 03l uL-uJ O )‘ o »
bl (Sl 6 )k byl (ol SV 98 doyd Gl L g b o S
Comd Gl 03,5 2l b ced )b (il 4 e & sl o
9 YA] 39800 (piied 5 (5yoome (s)lid cud )b Jials el pay sl
&S odly oyl GRP e | s sl i ol plosl ciliass [YA

ool 3)Slas 6,3y S 5 s 5yl b yls s I lagygte o)

1 Mohr-Coulomb
2 Poly Vinyl Chloride (PVC)



V05 VYA dxbo NFe) Jl.u) & b)Lo.m HY 0,93 s)....s).ml ul):..c L;“’“\-*-@(" d:)w

#[VF o YO GRP sbs dlg) 5YE g CFRP g 195 Silsio olss - Jooin

Table 1. Mechanical properties of CFRP wrapping and GRP casing
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Table 2. Details of the mixing design of ordinary and high-strength concrete in the construction of research

columns (kg/m3)
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Table 3. Compressive strength test results of standard cylindrical specimens at 28 days of age (MPa)
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Table 4. Specifications of research laboratory samples
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Fig. 1. Longitudinal and transverse sections of research columns
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Fig.2. Elliptical shape of columns
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Fig.3. How to place the network of rebars inside the casing and molds a) columns made of ordinary concrete;
b) columns made of high- strength concrete
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Figure 4. Columns of research after twisting with CFRP
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Fig. 5. Installation location of axial displacement
meters

o g ooy =¥ Y
g (gygme ST ()L Sk o il Buid (slagi
S Sl olinlojl 3 (s Br e bl b (Sgpam S
4 adigas Gtalofl 0d Ghalejl lisjes Glil sl g ely JS o)l
S [TV] a3 plsl Ve SNl 25 by USS s JpS by
Sk 93 )3 g alrla 235 93 gt ()90 SBUSS S (e
odd oy ol bl cual e 0 USG5 0 a5 Nad cuad agie
Lasth o o daggin (gygome S il 4 bgiye CleMb] e
& ek L0 G PanelS 4 Juate T Sg SISV 3l ealitl

1 Linear Variable Differential Transducer (LVDT)
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Fig. 6. How to load and break the specimens by 5000 kN hydraulic jack
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Table 5. Capacity and ultimate displacement of research columns
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Fig. 7. The effect of CFRP wrapping on increasing the compressive capacity of research columns
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Fig. 8. Compressive capacity of research columns
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Fig. 9. Percentage increase in compressive capacity of columns made of high-strength concrete compared to the type
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Fig. 10. Load - axial displacement curve of columns without GRP casing
a) Columns made of ordinary concrete; b) Columns made of high- strength concrete
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Fig. 11. Load - axial displacement curve of columns with GRP casing
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Table 6. Comparison of laboratory compressive capacity of research columns with BS 8110 [39]
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Fig. 14. Comparison of laboratory compressive capacity of research columns with the relationships of
BS 8110 [39]
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Table 7. Comparison of ultimate compressive capacity of research columns with Sajedi and Shafieinia laboratory
results [40]
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Figl5.Comparison of ultimate compressive capacity of research columns with laboratory results of Sajedi and
Shafieinia [40]

EYIN g YYIY iy 4 slailginl digai 0j) YA (5)Lid Caoglin (:S0le Slagdiss plo b zols dwslie Y =¥ —¥

ol laggin (2l o)l b )l anglis [Fr ] aoh plool JWblKe  (lopls ghae (3 (gt WY (59 wlidie (oS Liandd 5 sl
SHID S5 5V Syt 3 5he 30 il @l b s el gaw ZYIY o 3:8ke liue 5 ek 5o gl 100 b o

ool o35 b Caglioyy 5 (Jgeme sy 38 g aliie (gain0g)S b g AL

Y+ ¥0



V05 VYA dxbo NFe) Jl.u) & b)Lo..m HY 0,93 s)....s).ml ul):..c L;m.,\...e(e d:)w

[Vo] Kb g oY 2&ivlejl i b saiod b giw 2 (65lid Cudyb dno o A Joua

Table 8. Comparison of final compressive capacity of research columns with Lam and Tang laboratory
results [20]
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Table 9. Comparison of the ultimate axial displacement of research columns with numerical results of Sajedi and
Shariati research [41]
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of research columns with numerical results of Sajedi

and Shariati [41]
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Fig. 18. Cross section of specimens used in the research of Park et al. [44]
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Fig. 19. Cross section of specimens used in the research of El Madawi et al. [49]
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Table 10. Technical and economic comparison of research columns
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Fig. 21. Comparison of increase in capacity and construction cost of columns compared to column N
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