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ABSTRACT ARTICLE INFO
In the present paper break-off test as a partially-destructive method is Sgsle;;/gdogﬁgggy
used for durability evaluation of steel fiber reinforced concrete. In Acceptea: 10/11/2017

recent years, utilizations of steel fibers have been known as an
appropriate solution method for sudden fracture of concrete. In order

to provide a comprehensive statistical database, 24 mixtures are Keywords:

designed with various cement content (400, 450, and 500 Kg/m?), Break-off Test,
maximum aggregate size (12.5, 25 mm), steel fibre volume fractions Concrete strength,

(0, 0.33, 0.67, 1 %), and the constant water/cement ratio of 0.4 for all steel fiber,

mixtures. Hence, influencing factors of steel fiber reinforced concrete partially-destructive test,
characteristics and break-off test results are evaluated. The artificial neural network

investigations show that the volume fraction of steel fibers and its
features significantly affect the results of break-off test. Furthermore,
in this study conventional numerical neural networks are developed
for predicting the compressive strength of concrete with various
mixtures and ages. ANN is sophisticatedly capable of being
trained from the existent data and extending their behavior on a
new dataset. This ability introduced ANN as an apt tool for
modeling the complex mechanisms and systems in engineering
applications. Statistical indices are used to compare the efficiency
and accuracy of models. The result of this study has confirmed the
accuracy of artificial neural network models in determination of the
compressive strength of concrete.

All rights reserved to Iranian Society of Structural Engineering.
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14 SFO AS125] C400 20.7 72 C450 24.4 8.7 C500 27.8 9.1
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90 SFO AS125] C400 49.0 9.6 C450 51.2 125 C500 52.1 13.1
14  SF26 AS125| C400 27.3 6.8 C450 24.5 8.9 C500 34.9 125
28 SF26 AS125| C400 37.1 7.8 C450 33.0 10.1 C500 42.3 13.0
90 SF26 AS125| C400 53.3 10.2 C450 55.8 131 C500 56.5 13.8
14  SF53 AS125| C400 33.7 7.8 C450 33.8 111 C500 34.4 9.6
28  SF53 AS125| C400 435 85 C450 429 118 C500 46.5 10.9
90 SF53 AS125| C400 56.9 10.1 C450 59.5 13.7 C500 60.1 14.2
14  SF78 AS125] C400 28.6 6.9 C450 31.9 118 C500 37.6 14.1
28  SF78 AS125| C400 39.0 79 C450 40.1 125 C500 448 14.4
90 SF78 AS125| C400 55.8 105 C450 58.1 14.1 C500 59.2 14.8
14 SFO AS25 | C400 30.0 9.4 C450 35.2 10.7 C500 28.3 113
28 SFO AS25 | C400 36.7 9.7 C450 449 11.6 C500 36.2 12.2
90 SFO AS25 | C400 54.7 10.4 C450 56.9 135 C500 575 14.2
14 SF26 AS25 | C400 28.2 8.6 C450 36.6 11.2 C500 285 10.2
28 SF26 AS25 | C400 36.2 9.3 C450 47.0 121 C500 38.2 115
90 SF26 AS25 | C400 58.7 10.9 C450 61.4 14.2 C500 62.2 14.8
14 SF53 AS25 | C400 36.0 9.2 C450 37.8 10.8 C500 38.2 11.2
28 SF53 AS25 | C400 45,0 9.8 C450 50.7 12.0 C500 52.3 124
90 SF53 AS25 | C400 62.2 11.0 C450 65.0 14.8 C500 66.0 15.3
14 SF78 AS25 | C400 34.0 8.9 C450 35.4 10.8 C500 37.6 13.2
28 SF78 AS25 | C400 434 9.6 C450 46.9 12.1 C500 485 14.0
90 SF78 AS25 | C400 61.7 112 C450 64.0 15.2 C500 65.1 15.8

5 o caSayie oS ehS 000 5 FOe Fer losw Gilia polie 51y 5058 SLII e L BO Caaglia S 5, ¥ UK o
Olores ke 2l b BO Cunglin bawgio polie a5 CuS flgi o S0 4 az g b ol ososls ol ailaSiw ojlail ey (e

el ool s 7Y GLIL e b oy 6 JSisly (K0 VYIS VY MY 5 LI gy o 6l JiSisly o

ment- 500 kg/m?

B ce
12 ¢ 57 o
X

x

X cement: 450kgm?

(X IGO0 © QR0

Brealeoff strength, MPa

cement: 400kgm?

0 10 20 30 40 30 60 70 30
Fiber content, kg/m3

o cilizeo gl s (6l LI e b Break-0ff caglio yolie ol s : ¥ S
) = 9 (’:’)9) o RO IPHRL S0 o)l..bl su.u O )...tia U"ﬁ)f o..\.u)la L Jaﬁ.t).n SILQ..J‘ Y LS....J @Lu \)L‘) ‘;..\..5‘); Sl )SQLJL‘L“
1) 5 o amlys Gz (6t ol wad i ailafiw jlake ax 2 o ls slizel Jig5 .0, ol » ol ,..>L‘ 5 goYe Ul 6 5
5 00,5 oo yaS sl ol 5 (S Mhrez Wed i balaSiw Jlade dx e 4G 0 b s alS lew 4 Jke ol s ),.sb

OF GFY amio AYRY Jlo oF 05lod i 6599 ol g 0 3w (wihigo (i g 3 — (oIE & pid



Of 21 03w (qwigo (ool Jbsleolo

S walyS 2eS (gealilione &> 5l A6 (G Dlt g 99800 9l ailaSin 5 Glowns jeed o (Kwgm 4 (555 Ol

[ro]
5 o o 3l BRI 0 e Lo YO 9 VY0 ailaSi 5STas o3lasl g0 (gl (s0Vsd BLII Jlade L BO cuglin M5 L8, ¥ S o
P Oz WAl e i 5S5 dilaSin 5l BO Ceglie polie aS sged lo ol oo S jebas ciewl sadosls leww Slade

Mbsa du‘ g_)ﬁl&...o ))\)LD.A 9 uLo...w )‘..\M su.u O g_)‘);‘ Q,J)f o..béla )‘ Gwla @Lg él)) ‘;J..S‘f Sl )SQLJL‘L“

25 mm agg. size 8 §
o §
Q % 8
&
& _0)
=) B A i ——
= :
)

=

=}

=

@

Break-off strength, MPa

x

o

12.5mm agg. size

.

0 10 20 30 40 50 60 0 80
Fiber content, kg/m3

it AiluSoww 631wl 93 (gl ST jludio b Break-off cuwglio wolie ol s : ¥ S
PSS 5 los e 5 alaSin 2STas lade ) Laich o so¥ed BLII aie L BO (slacslio ol peeis S ,Lb) 5 o o il
g b Bl SIS 45 wloo ial3dl 6,128 Canglin puolie (p o ial33l b 958 oo odmlive 45 sblen canl sadosls les
Faghee YO ailaSiw (slp o rw 8B 45 S Glige S8l g 5 pFamtie B (oS ailige Ggmibilns anlb
dlio Gloms e il polie slp 18, cnl a8 )05 (5 0305 S iy slanoy s 3B ol oigty Sl Sogesis
NI

Fiber: 78 kg/m3

Fiber: 53 kg/'m?

Break-offstrength, MPa

Fiber: 26 kg/m?

Non Fiber

o 14 28 42 56 7o 24
Concrete age, days

BLII alizeo polio gl s oy b Break-off cwglio polio ol s : F s

a3 LB ynS aile B! ol byyye BLIL 5 Shas o500 a5 Iabad lapy] o5 ,Lice 5 BLII 05381 aeiys BO Casglie i3l
Sgut 50 oaloolaiwl HodME BLI IS ioren 090 o0 ohed Cuaglie Ioldl Gael S ps 00,5 o o Al S,

Sl o 47 53090 (e Cenglie Rl 53 5o 5 e Jole Olgied 53 9 SLl g e Sle (St
Slr 35 9 e aed 5o ol YL Bran polie ;o pgasl e SU| jpam 4 az g b )Led Cuglie Dl st g, el S30LLS
ot s olge 5 wllas (yjgen 2o Conle (alejl ()50 288 pas 5l QAL SENST (pl s censd Sul Glocas caliSes polie
"z 5 @255 3 Sln el Ll el 3925 40 o (aedS g oo ageaa 4T,z il (V58 LI jiy polie jpa> 5
6ol (Swly a8 IS0 SLI Jlade 4y (g)Lid Caglie polie oS C8 S Azl (g ge eizen (Bl HLaS o B cnlis (5,5
Cuoglie yolie id) HI0 BLII oz Comd (Rl L a5 08,5 A (i g0 e o b ()18 Cunglie Sl pss aigy (2jl Lol
FSzsS balalaw Glp przen 5 alie Sl Gl slajle lp S8, cul sl 035 olien I L oel Canay s)Li3

“ OF GFY amio AT Jlu (F o 5loi i 0,99 ol g 0 3w (owihigo g 33 — (ol 4 g



Of 21 0 )l (quigo (o el wolo

Gol> b BO Canglie Cons Lial33l e 0 ol wins oo 3 b Cow | g lid 5 ctied Conglie oy alayl, a5 la xS

wsl&a 9 Break-off W3LD.A O 6‘4)[5‘..\} Qﬁ.u»‘)_u.lls 6LDGJL..A Mbso as Méso QLAM) g_)Lm)Lo)] )‘ 6‘00)....5 ol GL..‘

ol 08,5 a5 jo alises slacy it slp Gtolej] el IS e O S j0 00l a8 S Ll o 0 (5, Lad

70

x £=936¢"73% R*=0.68 Fiber: 78 kg/m?®
+=13.42 1050 BT =059

@
=1

wn
o

=
o

Fiber: 26 kg/m7

w
=1

Compressive Strength, MPa

=]
=}

8 10
Break-off, MPa

6oV g8 Sl aliso polio b ilides bty (613 (gam!l a5 Gl Somin dunny o 1 B S

el 50 il eS (60Yed BLII iy polie gl (i Cond (g0Y98 BLI 90 sla i BO uaglin jlie 45 3505 Gl s 00
B3l Slosimin 31 Cnalyigo dusyin 5 4 (53Y5 Sl 5 s &1 sl allS (slosizin o SIS & 4255 |

Dgad oolaiwl i e aite
655 ATzl BN (FasScusis 9 (SouS mhaw 05l 51 (26 G 50 BU d92g Cuge ol Con i &5 jsbiles
oz (5l 5 S (55508 M aF 9,0 4SSl 53 05 00 Al g oSy LT (SUtS gy TS )0 ki
g SL celie Sz 5 @iy Bl pwaie Dlasin (Sl Dlogas Jold goaxie gl pal)b a4 canSls anlyd o
SLI gy wals o2 sl il et 50 BO alojT 51 (6,500 (ygemsl el (iomie £ IS5 0500 ol Sl 2 Sloogeas

S oo lid |y goYes

~
=]

x £:=10.65 2180 R1=0 67
+ f.=14.30 0180, R2 =063 90 days
a £:=40.39 QB0 R2=043

1A =)
o =
B

=

=
=]

30 14 days

Compressive Strength, MPa

Break-off, MPa

Aliso (i 53 63Y 98 BN (9 (5 Sl x (gl S Sl S g Lo 1 7 S0

..\..0)\) 65[} 6Lbu,u LY .byfo )...m.u f&l&a w‘ o..\.,o] Cowdo /\ \ kS” /f oajm o d,..a.?o u.“ B Break-off w3l&a u‘ro.».’.) w)..o
b Jloas! Loyl o i a8 ey az g5 wub .l 0093 duoy0 VY 51 26 iolosl ol sl 5og,5 2 50 oad ameil Gl o o

A S AT 550 i (LS Ceoglie oyt 1 A0 lisebl o3guze jo E/ND I o S88 (ol el ST e

OF GFY amio AYRY Jlo oF 05lod i 6599 ol g 0 3w (wihigo (i g 3 — (oIE & pid



Of 21 03w (qwigo (ool Jbsleolo

Sz sl gylel sole Ll 5l eslatul ‘)l;xfﬁ.’}'i;' @S s el )l jgax g fadge b odory 4 axgi b Bans g slael
L¥OYAL Wls (o pemmslin 5 3YL CB5 eae 4 e 3l ooliil 5 Cans Liducals,

o gilw Joo -Y-Y

8,55 Jelge 51 b so¥es BN (sql> oy (5 Lid Canglie ¢ Break-off zuls bls)| cule 38 (5,05 abul, G g Judo &
Lol 48,5 O g0 alite Sleogas il a0 b Giolej] cpl el 50 (cmas aSh o (5 See et Cotle g bl sunie

b ogh 48,8 IS0 29,5 (it 50 BT 5l oS5 in e Camlioe )0 0925 (53959 Jime (sl iie 51 (sl ol oS e
(F) 6oYs3 LI ade (C) lowes M b (fO) (o o lid Cunglie a5 il [Uatl g5 oo 48,5 & 00 alilej] bl 4 a3

Lidye oeas 4505 oo 6995 Jiies 6l jitie Slsicas (T) isle] cyaios () Break-off casslie (da) aluFiw ojlil ,iSTas

by

soubad ISy omad aSd Juo —)-Y-V

Y Jsl ;b s )5 eolawl less Y o (5,5 ¥ L Back propagation 63! L Feed Forward  ooac aSis wslllas oyl 5o

oduny 3l 5oy S el Sy Uasgpg05] al 3 5l ey lagyg i ol ad i 5L o purelin 5,5 4 5 log-sigmiod e
[F] as ad )3 L o Validation sleosls & ygods baosls 710 5 0,5 oolaxwl Early learning s5!,:l 51 Over Fitting

as al Jow o Shoe b5, -Y-Y-Y

5 00b (5 ojlil (Bly polie oo RY 0yitie aiz (el pd SIS 5boar il o Dluay oo 1 oo (i Joo o Shos )]
@l i 5 e (Shered e a4 RE VL polie ailie Joo heoter o8kes S5 Gl 55 oSl o nolis
Jrass b R? PR g I S ROV Fp P ¥ S| R? Sy oo Lol Jow 4 (au uiie S8y el aBislesl ol b Jow st
WLl Oy 50 5 WS (0 Aoy WIS (o0 oo 0y S)9p0 b yeite 45 1) 65 Jelo Bl hian el o pd Olyiea Rig 09l

Gllae coalzl sl Gl o cpien 0,8 les dunlie ol ‘Ridj oarls g oodle b oo ialS Juw 4 (6900 e Olle ol
o glalhas 3llae,0d Lugie 5 (VAF) ¥ liel Jlode (RMSE) 7 Jos Sluye nSile Hd slo sl 51 0) JI (V) Ly,
Ll saoslarwl (MAPE)

- n-1 "
Raﬂjzl_EX{l_R:] (V)
[ton ,
RMSE = ﬂEEi {y — y)2 ")
_ var(y-y')
VAF = [1- S ] x 100 (f)
MAPE = 237 |%| x 100 )

! Adjusted

2 Root Mean Square Error

3 Values Account For

4 Mean Absolute Percentage Error

oy 0% 61 amio APRY Jlo ¢F 0 loi 6 0,398 (ol g 0 jlw (witigo g 3 — ol 49 yid



Of 21 0 )l (quigo (o el wolo

Jgaz 50 .ail co baises olaxi g Jaw sl el )l slaws o o s jlade adodslic Hlade Kby cud N g p & & 398 Lilg, ,o
Sl g oo Sl oot oaial) by Jow 85 ¢ Jgom cnl wbul g cenl sdBosls las glp basls ool sadaculxe polie
59 o wlg co oo (3l slaJoe b gl e &l ks TA 390
Sed oo dml it ondall )] slaJow cds (Jgo cnl obul p enl sadiosls las glp boasls ool sadaculxe polie & Jgoo
e Gl Wlgd go 0ad (B3l sl Jaw b Fuwly psie Ol s YA 350 aST >
s &Sy Jow )bl (3ol B9

24 | RMSE | MAPE | VAF(%)

ANN 0.989 | 1.83 3.48 98
moo by ras aSll Jow YL cmies oUly U8 ol ical salosls flas geas a0 Joe conlin Hlews 0 Slos A S 0
sloads ps‘).uo aéf‘f L é)éf ) 6)L..M3 wsl.a.o ‘SA.»_‘u.u.»_‘ 9 6’3‘3 fbl&a Cn] é?’ﬁ"““‘“ J&w o 45)9JauLo.® Ry

75
# Artificial Neural Network
» d
(1) *
w ¥
oy
é . %“. Line of equality
=4
o £ 2 . *
=45 ‘.
o o>
= ‘e
et LY .
o %
o0,
o
0 :'.’ "
*
*
»
15
1 30 50

45
f-Expenmental, MFPa

iy 2 olie b (o2 Lo e LS duan Lo 1 A S

S 5 4zt -F

325 @l 5 2,8 @8ly o)l 0,50 Glalejl ciliss slaaiz 1 .08 )5 )13 w050 Break-off o e ans Giolesl allie ol 5o
el 0als Jols gy oyl

oSl oIl tzmen il go SRl losw e SRl L BO Cusglie nSike polie cioli losw 4 0l Ced gl (S j5boa,
ooy 35S 5 ailaSiw (51 BO Caglin polin a5 and co lid sy 90 s o YO g yio Lo VY0 00guzs g0 0 aslaSiw
O B RUGY IR PR R W PPN ERCIPCWIE RPNV PR PN W RUERTR N PRVAR
bl e o e VYIO wlaSios b oy gl ol yabii o 51 yen duo o o5y s o Lee VO ailaKiw by oV

6Vsh B g5l o 50 BO Canglio o Linldl pizmod il co (ilides gl alis oy b BO englio 3gmgy IS g,
23 b o sl ol 0l (doie o nizmen 09 o edaline (o e (NN L SLI WBU o (6l el lade 4 o
g 030 drwgs Wb gV ed BLII alizes

5 Line of equality

OF GFY amio AYRY Jlo oF 05lod i 6599 ol g 0 3w (wihigo (i g 3 — (oIE & pid



Of 21 03w (qwigo (ool Jbsleolo

Cabils a5 ol 1 51 S o ol mls el sl Cawas 1Y JNE edgame jo Gubizs ol 4o Break-off cooglie ilyss oo
Ogel S (Gimie S elal 2 i Saaglie (eS sl (J9d BB 025 4z 5 oo cenlin Zuoglie (D)l 3 by, ol oleiel
hoslitul b g oollae allalejl Ll jo (S cnlplo woasie Geenl B 2 5,50 (ola iS00 9925 (ogee 5 IS
dbiewy i 6,lid Cuaglie paesd 0 EVVO I en 280 470 liedsl cogusme jo aS el B e (gunl ST St
Ll o e k3l 995 SUI g 1o easy o5ty I8 (Keal Sl 36 Seol (Ko lyenis s 5Vl polio (rizeen
ORIRK VUSUR PR SN ESIE N JEFESUN I PR P

e ol atdlbie Do pgmar 1,18, (j0ls peani 5 05250 ladiged (55, 51 1) a0 Ghjsel Cobll estan as glaasls
25 bl al 31 Alis cal 5 S e s (s psle sy SReslSe 0,5 e S 558 il Kt 1y e (slaaSed
L Feed Forward-Back Propagationg s ;| cwac aSil .00 ,5 oolaiw] caliBus cpiw g oz )b j0 0 (6,lid Cuoglin g yiom S

20,5 et s Y 5o 50 e Ve b dinge aSih g o oolo [bjgel (g5 calie slaws b yles 4¥go
1 lbesls Y- a5l ibls 5 o b gedge cnl a5 el S el Jae ] wsllas 0 Slae 5| Sl e 450t o gl
D05 oo iz g dlaiily (1E oeac Jow LSS

e
[1] Bungey, J. H. and Millard S. G. and Grantham M. G. (2006). Testing of concrete in structures, 4th ed. Taylor & Francis
Groups, London and New York, 352.
[2] Long A. and Murray A. (1984). The pull-off partially destructive test for concrete. In: Malhotra VM, editor. Proc. Int.
Conf. on In-SiturNon-Destructive Testing of Concrete. Ottawa, Canada, October. ACI SP-82, :327-350.
[3] Neville A. M. (2011). Properties of concrete, 4th ed. London: Pitman Publishing, 687, 331.
[4] Johansen R. (1976). A new method for determination of in-place concrete strength of form removal. 1st Eur. Collog. on
Construction Quality Control. Madrid, Spain, 12 pages.
[5] Dahl-Jorgensen E. and Johansen R. (1984). General and specialized use of the break-off concrete strength testing
method. Special Publication. 82, 293-308.
[6] Johansen R. (1979). In Situ strength Evaluation of Concrete the Break-off Method. Concrete International. Vol. 1, No.9,
45-51.
[7] Byfors, J. (1980). Plain concrete at early ages. Swedish Cement and Concrete Research Institute, Report No. Facks-
10044, Stockholm Sweden, 19 pages.
[8] Dahl-Jorgensen E. (1982). Break-Off and Pull-Off Methods for Testing Epoxy-Concrete Bonding Strength. Project No.
160382, The Foundation of Scientific and Industrial Research of the Norwegian Institute of Technology, Trondheim,
Norway,.
[9] Carlsson M. and Eeg I. R. and Jahren P. (1984). Field experience in the use of the “break-off tester”. Special Publication,
82. 277-292.
[10] Barker, M. G. and Ramirez, J. A. (1988). Determination of concrete strengths with break-off tester. Materials Journal,
85(4), 221-228.
[11] Naik, T. and Salameh Z. and Hassaballah A. (1988). Evaluation of In-Place Strength of Concrete By The Break-Off
Method. Proceedings of the NDT&E for Manufacturing and Construction Conference, University of Illinois, Urbana-
Champaign, IL.
[12] Lin Y. And Lin Y.F. and Hsiao C. (2010). Evaluation of bond quality at the interface between steel bar and concrete
using the small-dimension break-off test. Materials and Structures. 1;43(5): 583-595.
[13] Li V. C. (2002). Large volume, high-performance applications of fibres in civil engineering. Journal of Applied
Polymer Science.;83(3): 660-686.
[14] Aydin A. (2007). Self compactability of high volume hybrid fibre reinforced concrete. Construction and Building
Materials. 21(6): 1149-1154.
[15] Xu Z. and Hao H. and Li H. N. (2012). Mesoscale modelling of fibre reinforced concrete material under compressive
impact loading. Construction and Building Materials. 26(1): 274-288.
[16] Khalaj G. and Nazari A. (2012). Modeling split tensile strength of high strength self compacting concrete incorporating
randomly oriented steel fibres and SiO, nanoparticles. Composites Part B: Engineering. 43(4): 1887-1892.

“ OF G Y amio ATAY Jl <F 0 lod i 0559 (colu 90 jlw (wiigo (i g 3 — (oke &3 pibd



Of 21 0 )l (quigo (o el wolo

[17] Luccioni B. and Ruano G. and Isla F. and Zerbino R. and Giaccio G. (2012). A simple approach to model SFRC.
Construction and Building Materials. 37: 111-124.

[18] Xu Z. and Hao H. and Li H.N. (2012). Mesoscale modelling of dynamic tensile behaviour of fibre reinforced concrete
with spiral fibres. Cement and Concrete Research. 42(11): 1475-1493.

[19] ASTM C 150, (2004). Standard Specification for Portland Cement, American Standards for Testing and Materials.

[20] BS 882:(1992), Specification for aggregates from natural sources for concrete, London: BSI..

[21] EN, BS. 12390-3. (2009). Testing hardened concrete. Compressive strength of test specimens 19.

[22] ASTM C 1150 (1992) Standard test method for the break-off number of concrete, vol 04.02. Annual Book of ASTM
Standards.

[23] Yiching, L. and Yu-Feng, L. and Chiamen, H. (2010). Evaluation of bond quality at the interface between steel bar and
concrete using the small-dimension break-off test, Materials and Structures 43: 583-595.

[24] Adhikary, B. and Mutsuyoshi, H. (2006). Prediction of shear strength of steel fiber RC beams using neural networks.
Constr Build Mater, 801-811.

[25] Mukherjee, A. and Biswas, S. (1997). Artificial neural networks prediction of mechanical behavior of concrete at high
temperature. Nucl Eng Design, 1-11.

[26] Ince, R. (2004). Prediction of fracture parameters of concrete by artificial neural networks, Eng Fract Mech, 2143-59.
[27] Nikbin, I. M. and Beygi, M. H. A. and Kazemi, M. T. and Vaseghi Amiri, J. and E Rahmani, and Rabbanifar,S. and
Eslami, M. (2014). A comprehensive investigation into the effect of aging and coarse aggregate size and volume on
mechanical properties of self-compacting concrete. Materials & Design 59: 199-210.

[28] Xuan Hong, V. and Daudeville, L. and Malecot, Y. (2011). Effect of coarse aggregate size and cement paste volume on
concrete behaviour under high triaxial compression loading. Construction and Building Materials 25.10: 3941-3949.

[29] EI-Dieb, A. and Reda Taha, S. (2012). Flow characteristics and acceptance criteria of fiber- reinforced self-compacted
concrete (FR-SCC). Construction and Building Materials 27.1 585-596.

[30] Khayat, K. and Schutter, D. (2013). Mechanical Properties of Self-Compacting Concrete. State-or-the-art report of
RILEM Technical Committee 228-MPS Vol. 14, springer.

[31] Madandoust, R. and Ranjbar, M. and Ghavidel, R. and Shahabi, F. (2015). Assessment of factors influencing
mechanical properties of steel fiber reinforced self-compacting concrete. Materials & Design 83: 284-294.

[32] Aslani, F. and Nejadi, S. (2013). Self-compacting concrete incorporating steel and polypropylene fibers: Compressive
and tensile strengths, moduli of elasticity and rupture, compressive stress—strain curve, and energy dissipated under
compression. Composites Part B: Engineering 53: 121-133.

[33] Giineyisi, E. and Gesoglu, M. and Akoi, A. O. M. and Mermerdas, K. (2014). Combined effect of steel fiber and
metakaolin incorporation on mechanical properties of concrete. Composites Part B: Engineering 56: 83-91.

[34] AL-Ameeri, A. (2013). The effect of steel fiber on some mechanical properties of self compacting concrete. American
Journal of civil engineering 1.3: 102-110.

[35] Ghavidel, R. and Madandoust, R. and Ranjbar, M. (2015). Reliability of pull-of test for steel fiber reinforced self-
compacting concrete. Measurement 73: 628-639.

[36] Martinie, L. and Roussel, N. (2011). Simple tools for fiber orientation prediction in industrial practice. Cement and
Concrete research 41.10: 993-1000.

[37] Zerbino, R. and Tobes, J. M. and Bossio, M. E. and Giaccio, G. (2012). On the orientation of fibres in structural
members fabricated with self compacting fibre reinforced concrete. Cement and Concrete Composites 34.2: 191-200.

[38] Madandoust, R. and Ghavidel, R. and Nariman-Zadeh, N. (2010). Evolutionary design of generalized GMDH-type
neural network for prediction of concrete compressive strength using UPV. Computational Materials Science 49.3: 556-567.
[39] Madandoust, R. and Bungey, H. and Ghavidel, R. (2012). Prediction of the concrete compressive strength by means of
core testing using GMDH-type neural network and ANFIS models. Computational Materials Science 51.1: 261-272.

[40] Hudson Beale, M. and HaganHagan, M. T. and Demuth, H. B. (2012). Neural Network Toolbox™ User’s Guide,
MathWorks, Inc.

OF GFY amio AYRY Jlo oF 05lod i 6599 ol g 0 3w (wihigo (i g 3 — (oIE & pid



	1- مقدمه
	2-3- خصوصیات مکانیکی
	2-4- ملاحظات تئوری آزمایش Break-off
	(1)
	2-5- شبکه عصبی
	2-5-1- شبکه عصبی Feed Forward
	2-5-2- الگوریتم Back propagation
	3- بررسی نتایج
	3-1-  نتایج آزمایش Break-off
	3-2- تفسیر نتایج
	3-3- مدل‌سازی عددی
	3-3-1- مدل شبکه عصبی بکار گرفته‌شده
	3-3-2- ارزیابی عملکرد مدل‌ شبکه عصبی
	مراجع

