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Composite Structures 92 [2010) 2817-2829

COMPOSITE
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journal homepage: www,elsevier,.com/locate/compstruct L O Y

Prediction of FRP-confined compressive strength of concrete using
artificial neural networks

H. Naderpour?, A. Kheyroddin?, G. Ghodrati Amiri ™*

A Department of Civil Engineering Semnan University, Semnan, Iran
® Sehoel of Civil Engineering, Iran University of Science and Technalomy, Narmak, Tehran, Iran

ARTICLE INFO ABSTRACT

Article history: Strengthening and retrofitting of concrete columns by wrapping and bonding FRP sheets has become an
Available enline 27 April 2010 efficient technigue in recent vears, Considerable investigations have been carried out in the field of FRP-
confined concrete and there are many proposed models that predict the compressive strength which are

Keywords: developed empirically by either doing regression analysis using existing test data or by & development
”f“ir'-'-‘iﬂl neural networks based on the theory of plasticity. In the present study, a new approach is developed to obtain the FRP-
t:’l:zf::'l_"n,‘mud S confined compressive strength of concrete using a large number of experimental data by applying arifi-
Confinement koY cial neural networks, Having parameters used as input nodes in ANN modeling such as characteristics of
Compressive strength concrete and FRE, the output node was ]-'R[’—I:L_mﬁued compressive s_trength of L'_Uﬂtre!:e. The idealized
neural network was employed to generate empirical charts and equations for use in design, The compar-

izon of the new approach with existing empirical and experimental data shows good precizsion and accu-

racy of the developed ANN-based model in predicting the FRP-confined compressive strength of concrete,

@ 2070 Elsevier Ltd. All rights reserved.
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Property NiTi shape memory alloy Steel
Recoverable elongation 8% 0.2%
Young’s modulus 8.7E4 MPa (Austenite), 1.4-2.8E4 MPa (Martensite) 207 x 10° MPa
Yield strength 200-700 MPa (Austenite), 70-140 MPa (Martensite) 248-517 MPa
Ultimate tensile strength 900 MPa (fully annealed), 2000 MPa (work hardened) 448-827 MPa

25-50% (fully annealed), 5-10% (work hardened) 20%
Excellent (similar to stainless steel) Fair




Self-Healing 6w g o 559 ¢ (s

A& @flee (Sl ialS it p e clp & cl o oy (ppaiedl Gl (S (SWeb puey 395
233,55b 5005 caml 1 i (S, ks 6,90 0003 Gl 039350 B 3945 |a ] 18595

Autogenous Healing u:’9) ] (.5&’ “{)" (o LS‘)'.’
- TSt S GRS = ,;‘_ o - o . Lj} (oo Lb
TR s 3 S
_ % | 5 JousS oS (JB g SUI (S
, ‘i;i

Hollow Fibers 05 lawuio (53438l lgs il )dgil
......... 7 ul.o.‘ﬁw ):.\a.: L;’Jaw dLQ(‘JDa)B‘ 9

-~ —.*,ﬂ Self Heali i ; i
e oIt Henling Stistagies in r R NIRPOSR PRV PPV OIN |

Encapsulation &

Nanomaterials




self-adjusting o g paddid 8¢5 wooui g (99

Sl o ol azmo b 6 Syt & oo (1355 0 (2 U155 sline o 2 (ol 13 (SAD aliS 38 Sg
35 e G a il mlal 3t e g Gl oo b Gl e 1 45000 e il gloill Jald i et 25
enles 5l odd 3)ly sla ] pulas 358 sla ym )S o lal SEIf-damping 1, 358 sla yn 5 ousb, pelas
S o halS ) calises
time lag (delay) . o & 05 o “ .
l< > ol ekipd il s sl

max temp == . T . . o, .
Lb QLQ.'Z?-L» uﬁ))) LQLM 0 L}JJ‘J}-
38 eslatal (65 5l 5> o 46,0

- max temp

- min temp

min temp __
Inside

Outside




oigis 403 g5

o
Lgl_AeJ_uYTme)M ,Juéﬁwblsyyduws\jwjb)\Tloz f}ul.w.)w.ﬁ\&;
ML;J_S$}&MWB;bu\é\jJszmmjw|uLgJSLL;L.J«j)\J_euJ\ulMSf JH
JPJ‘ML’W\J‘)LS\L;J?.}W%—ASW w\fbasﬁwuu\uwjuuwcu&)

S h e kip D e

B uﬂ Slgo s 4 3B o oy
RCTPRRT ET ) VI R K S PRI
s (S Bl pes gl sl
‘&?-L?"-’j-w‘yg.,&bd\fu_,lq,

- e

Al e s > d g la o sV

NO

X

‘ ultraviolet rays

0 (the sunlight)
NO,” W 000

Titanium _
Dioxide Active Oxygen

Concrete



First row of sensors
Self-sensing concrete pavement
.

Second row of sensors
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Smart Glass

[ Photochromic ] {Thcrmothrom:cJ

Passive Smart Glass:
Responds to non-electrical stimuli
(heat, UV). Cannot be manually

7

\

Electrochromic

7

\

Liquid Crystal (POLC)

7

N

Suspended Particle
Device (SPD)

J

Active Smart Glass:

Responds to an electrical stimulus &

and is controllable manually or
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Skyscrapers Built Inside Octahedral Units ki Interior View of Node and Shafts
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Net Internal Area

74.6%

Unit Mix Deviation

1n.7%

Material / CO2e

Unique / Total Units
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Formula Explainer

Want to know what an Excel formula does? Use this Al tool to Formula explanations will be displayed here.
convert formulas to detailed explanations.

spreadsheet program

Excel ~

Formula

=SUMPRODUCT(--(EXACT(B:B,salary)))
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