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Evaluation of Moisture Sensitivity of Modified Asphalt Mixtures with
Crystal Calcium Carbonate Powder

Gholam Hossein Hamedi Mohsen Sohrabi

Abstract In this research, by using mechanical and thermodynamic methods, the effect of surface coatings
of aggregates with crystal calcium carbonate powder on the moisture sensitivity of asphalt mixtures has
been evaluated. The results show that the indirect tensile strength of the modified specimens has been
increased. as Also, the result of SFE method indicates that, with aggregate surface modification, their
acidic and basic components respectively have been reduced and increased. Due to these changes, the
adhesion between aggregates and bitumen (which is an acidic substance) increase. In addition, the
amount of released energy in the presence of moisture has been reduced for modified specimens, which
indicates a reduction in the tendency of the mixture for stripping.

Key Words Moisture damage, Aggregate treatment, Crystal calcium carbonate, Modified Lottman test,
Surface free energy.
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Investigation of Transverse Distribution of Pollutant and Flow Pattern in the Present of
Triangular Vane in the Straight Channels

ElhamYabbarepour Mahamood Shafai Bajestan Seyed Mahmood Kashefipour

Abstract In this paper, the effect of installation of a triangular vane attached to the bank on the
transverse mixing and reduction of pollutant concentrations has been investigated. Triangular vanes are
environment friendly structures and used for river sediment management. By generating secondary
currents, these vanes can create transverse mixing in a shorter distance and help the river self-
purification. The experiments were conducted in a flume 80 cm wide and 10 m long. A triangular vane
with an effective length of 30 % of the channel width and an angle of 45 ° relative to the mainstream was
installed at 50 cm downstream of the source of the tracer. Water and salt solution was used as a tracer.
The concentration was measured by 96 sensors at each transverse section and in the four downstream
sections of the tracer. In addition, around the vane, the 3D velocity pattern was also recorded. The
results showed that the presence of the vane causes an increase in the amount of transverse velocity and
their direction indicating the presence of secondary currents which resulted in a 30% increase in the
variance of the concentration distribution. Also, the existence of this structure has led to the uniformity of
concentration distribution and decrease of concentration of 80 % of the concentration at the maximum

point of the concentration distribution at the center of the channel relative to the no vane condition.

Key Words Pollutant concentration, Secondary currents, River, Straight path.
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Model-Based Analysis for Ultimate Axial Load of Circular CFST Columns Using
Artificial Neural Network

Mohammad Hossein Yaghoubi Behroz Keshtegar Hossein Ali Rahdar

Abstract Concrete-filled steel tube (CFST) columns are increasingly adopted in many modern structures
due to the advantage composite action between steel tube and concrete core. The almost empirical models
and design code relations can not provide the accurate predictions for the axial ultimate strength of these
composite steel-concrete sections, especially high (ultra-high) strength concrete. In this paper, a novel
predicted model of the ultimate axial strength was introduced based on Artificial Neural Network (ANN)
using a large experimental data set more 1168 sample data on CFST. The predicted results of the developed
ANN model were compared with eight empirical newest models and EC4 code relations using several error
statistics. The ANN predictions are more accurate than the existing (code design) models and covers a
wider range of material strengths and the ratio of diameter to thickness and height to diameter.

Key Words Concrete-filled steel tube, Axial ultimate strength, Artificial Neural Network, Modeling.
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Investigation of Mechanical and Impact Properties of High Performance
Self-Compacting Composite Concrete

Amir Hossein Sahraei Moghadam Fereydoon Omidinasab Ahmad Dalvand

Abstract High performance self-compacting fiber reinforced composite concrete (HPFRSCC) are mighty
and mighty materials that form a mixture of cement mortar and fiber. In this study, the mechanical and
impact properties of these composite concrete have been empirically investigated. Various experiments
were carried out on the samples, such as self-compacting concrete tests, compressive, splitting tensile and
flexural strength tests, ultrasonic test and impact resistance test. The results of these experiments showed
that steel fibers can have a negative effect on the self-compacting and cohesion properties of concrete, and
have a positive effect on improving mechanical properties and impact strength of concrete, which has a
significantly higher effect on impact resistance. In this study, the effect of two parameters of increasing the
thickness of the slab and adding steel fibers to increase the impact strength of the slabs were surveyed and
compared. The result of this study showed that steel fiber is a much more important parameter in increasing
the impact strength of slabs.

Key Words Composite concrete, High performance concrete, Self-compacting concrete, Steel fiber, Drop
weight impact.
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Mix-design
Specimen Dimensions Aggregate Cement Water sp Volume (%) Number
(kg/m?) (kg/m?) (kg/m?) (kg/m?) fiber
T2.5-S0 40x40x2.5 1006 1006 383 4.8 0 3
T2.5-50.5 40x40x2.5 1006 1006 383 4.8 0.5 3
T2.5-S1 40x40x2.5 1006 1006 383 48 1 3
T5-S0 40x40x5 1006 1006 383 48 0 3
T5-S0.5 40x40x5 1006 1006 383 48 0.5 3
T5-S1 40x40x5 1006 1006 383 48 1 3
T7.5-S0 40x40x7.5 1006 1006 383 48 0 3
T7.5-50.5 40x40x7.5 1006 1006 383 4.8 0.5 3
T7.5-S1 40x40x7.5 1006 1006 383 4.8 1 3
e g oS (s olid sladi sad Sl 3 IS BUN Ol 5 sbal Ol Y J i
Specimen f\_/olume Dimension_s of compressive Dimensions of tensile Dimensipns of flexural Number
iber (%) specimens (cm) specimens (cm) specimens (cm)

SO 0 10x10x10 10x20 32x8x6 3
S0.25 0.25 10x10x10 10x20 32x8x6 3
S0.5 0.5 10x10x10 10x20 32x8x6 3
S0.75 0.75 10x10x10 10x20 32x8x6 3

S1 1 10x10x10 10x20 32x8x6 3
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Fiber (cm) (cm) L/D (kg/m3) (Gpa) E (MPa)
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. . Flow slump U-box L-box V-funnel
Mix design
D (sec) Ts00 (S€C) (Hy-H,) (cm) (Hz/Hy) (Sec)
SO 73 1.66 12 0.94 3.21
S0.25 69 1.75 14 0.88 4.22
S0.5 67 1.88 15 0.84 4.89
S0.75 64 1.95 17 0.81 5.32
S1 61 2.02 18 0.79 5.97
® Flow slump €T500 _ 51
74 i
T 4
_ 72y y=-116x+726 . 2
f’. 04 0 e _..R:.=o.9917 ....... »- -
........... 19 o
E 68 - e, e 2
% ....... "’-Q,'. §
2 669 e T - 18 2
9 Sty =
2 1 e ® y=0.368x + 1.668
e R? = 0.9856 e..
........... - 17
2 T
60 T T T ? 1.6
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Fiber volume (%)
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SP1 SP2 SP3 Ave
Volume - -
Specimen | of fiber | C.S (CompLe)sswe C.(I? ((iompress;ve CS cD cs cD cs cD
(%) strengtl isplacement
(MPa) (mm) (MPa) | (mm) | (MPa) | (mm) | (MPa) | (mm)
SO 0 77.3 13 68.7 151 77.6 1.44 745 1.42
S0.25 0.25 78.3 1.46 80.2 1.48 77.9 157 78.8 15
S0.5 0.5 81.3 147 80.9 1.60 78.6 1.49 80.3 1.52
S0.75 0.75 79.5 1.49 82.7 154 81.1 131 81.1 1.45
S1 1 82.2 1.52 84.5 1.48 79.8 1.47 82.2 1.49
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Volume
Specimen | of fiber TS T.D
(%) (Tensile strength) | (Tensile displacement) (,\;'Psa) (;ra) (,\;'Psa) (;'2) (I\;'F“Sa) (;'n?)
(MPa) (mm)
SO 0 3.54 1.05 3.69 1.16 3.79 0.88 3.67 1.03
S0.25 0.25 6.94 2.96 6.22 2.14 5.98 2.36 6.38 2.49
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30 1
25 4 -_y_:-_'.‘_':-‘.;:'.T— -
T I
£ 20 - S e
a i
© 15 J /, SO
o S S0.25
[} E 7,0
2 10 // ------ 50.5
S 54 - .= 5075
- 2 .
0 T T I— — Sl 1
0

1 2
Displacement (mm)

L o O oiim S s pas 1 S

oS Dt pligr &yl

H“M £4M;)L¢«i&f’j-’jwd[~4



pSTiasm il o aalS sla (sl 5 Sl Dl gzt ) 01\

5l s s B lSSL e s W0l
ol 03 Al e by s O i L Jlased
3 A Ll e ooV OU &S U sdalie bl
by 3 Siwge sl Lla 5 55 adsl S5 sl
3506, O 528 5l LS sk 5 eddnbnl S
s Gl e LB gba 1 Lol g d IS
Ol il oo GRal53) 5 55 (69Y 53 B Ol e 5 i 1o
Olee o ol 500 4 Lo 8 S S35 sl
I e 53 S Sosbas (LS e Iy 158l (g iy
@ S ST €ga 55 63V 50 G Asyn ) 03558
Ghoss AV Galpl g SO GUE Oy 4 gas
3 U 6y S8 il Ol e A et Za e
IS s el enls DL O o= st 5L 15 53
L;L@.: QKAJ.::X: CJL?- U‘.’.J:‘GJ BE NG| o.,\ALL.dJJE (/\)
dald agad Gl ¥ CUI oys ) lls o

sl 3l 6l VL 5l

53 oS S ses sl O edi— )l s sed
ol 5 3 Dladlas .l el esls LS () s
S 035531 3153 1) oS5 g lag LSS Caslia
[19-22] WLles S 25158 63V 5
i gl il
R S8 5 2o V0 e uslis o S
et el o gl ze Bl TYxAXT sl L
2 (e by 55 S ieme LK dlesh) (glaaiian
(V) 1K lke [23] ASTM C78 5wl ol
oo e Ol Sl bt el s i S8
() ey 3k 5l s by bl beg el
i dlbes UL e 5 b0 st sl

e e . . 3PL
;.MMS” w‘jbu = m (Y')

AMMW‘S_}J:JJS‘J?P 4.%.!‘) QJ'L‘JJ
gl s e dsb s mdsb s 5 by

ls s ‘_;J)ﬂdlwuwu:ﬂuj(@w‘}g

H“M ‘M;Ju‘fjijwdlw

s Ot plige &



ov

Ll o] = (ko] ol 5 —polds e e ol

1 1
: 800 ' 800
1 P | _ 700 TN
. 700 {I '\ ! Zooo | L7 L s0
1 - @ ' A5 A N
' eoo Bl | B0 | NIRRT 15025
| E f :,—3400 } L Ne
i 3 5 ?F:a.’l ‘.‘\“\ | § 300 pa e -= == 505
s Lo b t200 (0 T~ T
i r:‘: 400 '....1 e ] TS~ e o5
I3 k00 k e la
: = 200 1[)' : ¢
H isplacement {mm)
1 ——
: 100 PR e SPEET TIPS
1 SR I IIT I e~ —
: 0
1 10 15 20 25
bommmmmmm e Displacement (mm)
Ll 305 O jouti= et 5L Sl i A IS
W\:’.ﬂjw&[ﬂji@u\/djk
SP1 SP2 SP3 Ave
Volume FD
Specimen of fiber F.S :
P ) (Flexural strength) | (Flexural F.S F.D F.S F.D F.S F.D
(MPa) displacement) | (MPa) (mm) (MPa) (mm) (MPa) | (mm)

(mm)

SO 0 4,98 41 414 4.22 5.24 471 4.79 4.34
S0.25 0.25 6.18 14.98 6.34 17.54 5.98 16.24 6.17 16.25
S0.5 0.5 7.29 17.39 6.88 19.75 7.32 19.28 7.16 18.81
S0.75 0.75 7.70 24.34 8.36 2231 8.14 25.12 8.07 23.92

S1 1 9.16 26.09 9.01 25.08 8.67 27.62 8.95 26.26
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Improving of Concrete Mechanical and Structural Characteristics with Replacing Pet
Bottles as Fine Aggregates

Mohammad Kazem Sharbatdar Mohammad Noorbaran

Abstract An experimental work on replacing recycle pet bottles with sand in concrete in this paper. 5, 10,
and 15% Pet equivalent with sand in concrete including 4 different mixes with constant water to cement
ratio and totally 96 specimens was used and made; compressive strengths of cubic and cylinder specimens,
tensile split strength of cylinder specimens, impact strengths plus flexural strengths of reinforced and plain
concrete slabs were obtained. The results indicated that the workability of fresh concrete was decreased
up to 50% by increasing the pet percentage up to 15% but the compressive and tensile strengths of hard
concrete were decreased up to 18 and 21%. And also the flexural strengths and impact strength (initial and
final cracks) were increased up to 13 and 19% due to increasing recycle pet percentage.

Key Words PET bottles, Flexural, Impact, Compressive strength, Recycled, Workability.
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Simulation of Sedimentation Pattern in Upstream of Duckbill Weirs Using
Submerged Vanes

Mahla Tajari Amir Ahmad Dehghani Mehdi Meftahhalaghi

Abstract Duckbill weir is one of the water level control structures in irrigation networks. If Sediments are
transferred into the irrigation networks, they trapped in the upstream of weir and effect on the upstream
water level. In this study, submerged vanes are used for flushing the sediment to downstream in addition of
gates. The Flow-3D software has been also used for simulation of flow and sediment pattern. The results
showed that submerged vanes create secondary flow which is so effective for flushing the sediment
especially in value of head over side wall to the weir height more than 0.33. The results of image processing
showed that the maximum relatived error for simulation of sediment pattern is 14.4 percent.

Key Words Sediment pattern, Duckbill weir, Submerged vanes, Discharge coefficient, Flow-3D Software.
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A Proposed Model for Estimating the Relative Bond Strength of RC Beam with Corroded
Lap Spliced Steel Bars, considering c/dp

Yaser Moodi Mohamad Reza Sohrabi Seyed roohallah Mousavi

Abstract Corrosion of lap spliced region causes the bond strength to change. The ratio of the bond strength
in the corrotion state to the value of its corresponding in the absence of corrosion is called the relative
bond strength. The results of the relative bond strength are different in Pullout test, Tension stiffening test
and Beams with lap spliced bars test. The results of theTension stiffening test in the literature is more
similar to those of Beams with lap spliced bars. In this study, a model has been proposed using tension
stiffening tests, for determining the relative bond strength of corroded steel bars in the descending branch.
Finally, this model has been optimized using genetic algorithm for determining the relative bond strength
of RC Beam with corroded lap spliced steel bars. The current study shows that using the proposed model
will lead to the beter result. The use of proposed model for the estimating the relative bond strength of RC
beam with corroded lap spliced steel bars, leads to about 16 percent reduction in total error compared
with Shihata model.

Key Words Reinforce concrete, Corrosion, Bond strength, Lap spliced.

3l AVAYNY O 3y gyl 5 QUFYY Wlie s gyl ™
Ol b 5 Ol o233 o lm Ol jas (6,85 (g gaeils (V)
Ol 5l 5 Oltos o230 O s pwidige 03,5 SLzils (V)

Email: s.r.mousavi@eng.usb.ac.ir Oz b 5 Ol oK1 Ol jas pwdige 05,5 Sl i stas edees 55 (F)



N 0 Ca gl mand (5l Lo
(Pullout) Sais og,m Sobe)l

S AU 5 el S e GRlT )
e 5T 5 G G (S G e S
pl s i e el (1) S35 45 jboles
Lol IS8 a4 o 500 SO s L 5le)] bl
Sl o3 o S I3 e s edd odls 3 CaSe
335 g oS 05 s ples] (el ol s

S0 2 S A ds o ol Sl
crl 3 eslimad b sll s o o (St Ceeslis
oslizal b S Slalllae adhesr 51l ol plol oo
S g S slie 555 05 S2u7 bl ol 5l
OLan 5 gkl Sladllas 015 o ilos S w0
OLKes 5 S5 6] P 5] OLen 5 5Y 3]
S5 5 [9] OLen 5 2ol 8] OLSes 5 J 7]
36615 [10] 0L Ken

S5l Ol SRl nl Sl el L
AL L e ped s Lon Koo sl 1y 2= (Saesn
3 e 5l HLid o oy lesT ol 3 5 ss s
38 5 o Bl 5l )3 4 )50 35 e 0 S
Oialesl ol gl Bl e LIS L 128 Co oa L
533V 5 o S Ll sdyled SUES O
b St o3 Rl Gl e s b
s e OLES 5 G o (8Bl (S A 51

olia b Slaal gy JilesT ol 51 eslizad 120

IVWV] cws

I

[9] SHiS 0w Lilesl ) 52

FVRYY

Sl g Jils 5l (S (2 b siS s S
Al CJ.,.A o sl wde Yk s Shee s &S
Jols (Sos o Ve (55 S0 1] 5108 s
Vpams o= Sn Sl s BB e
N e ) o iy ool 8 Sn 51 S
s 8e Slbl cx s S gla i sl Esl
SF el Sl (Ses IS G5l s
oA s G s OAS gty b 02
Sl [2-3] 555 5 5 5, Khe s Ko s oo sl
SB35 e Soyt oS ol esls Oli wxadS
528 on 26 S sl S0 e S
Sl San oS gla S5 55 Sgosba o)l
Gl Sy Ll il Sewsn slaceslis
Nt g enslie a5 B 2alS sl s S s
BTl s o508 o

Gl il 5l 2 e 4 il andllas ool s
wtsn o s Sk G S Sslie Gk
e2ls 0L SouG b baphlasl el glia b oyl o
boor 53 58 58k gt & sy
Wl gt il e slas gl
R 0> S50 3 Sea STl eslinad Ll 4t
Ny Saslis S5 el sl oS Slebail
sy Akl cpl 530S e il (Sap e 5l 2U
Lol ol s S L o (Cfd) 5 Ses Jab a4 oy
Ao Gl st bl Sl 4 ey
ey gla s (Sawsn Cuslie g5, 2 S3o*
Conslin ans (Sl o &) Aaly cCd sl 1
S So,pt Cow oy s Ko
e Sl ek W) Joe das e 0L S e
03 Sau Cov Jbsalos b s Ko s e slis
ol AT B b o (Ses

H“M ‘j)o:y/.o..,jvaj.)j‘;wd/.w

s s lige &



S p? “'WCJJ e — g LS o (5040 pl

calos bl plaerul iiS cos o bl
INT a0 o 0 K ps s Ko 5l 4 (5 2des
03,53 laly ) sba Ol 0 Sialasl opl 5l eslizal U
O O N g Seaglie e sl e 3 sl
Sielesl cpl 5 018 e el b Claal ol s S
2 S eslaxal

Glr ol cpl sl eslizal b WS Slalas
el (Sosy Coslie S35 5 S5 S ez
UL@,:..Z wb@u“}:‘f Sladlas w\d&})‘ ol 0l

55 o,L51 [16]

&Qﬁﬂf,: :Jil,,o U‘iji

Ol gl 3ok 18 5 S SO el cnl s
b2, e I3 GRS o o b s 5l
Losdier sbml 53 538 el 5 k)
el 53 Koy 55 3 Sl o b 55 Ok
O S Sl Jsie S5 s el o S5
3 8 bl 5l Sl () ISS b o anw s
s e 0L 1y o ys S s

Sl bl ol 5l estizal b &S Sldlas abex )
Llos S s o 1y (St s Canslin 555 5 S5
15 e s alal 4] s pasd 5 BOLLE Sladllas 4 015 0
5 [14] Lased 5 s5bT 18] 0bKes 5 sls ([12]
35 o, L3 [15] OLKes 5 oS

— S g 55 05 ges SialesT Sl eslial U

LY T
4] o 52 5855 5,8 JaalesTY IKs
Point of load zi‘pplication No.10@100 mm
Uy U 2 No.10 bars
300 mm

I\\ - . S . ) .1\—'.\—'
0 I 2 bars (No.15 or No.20) Hﬂ‘ upport

mmor 600 mm | LVDT . | 600 mm ‘
40 mm I i ‘ |

| 2000 mm |

[16] alos b adly 5 Sawpo Lalesl Y IS

o2 Olas lige &

H“M ‘_;;iju"»j)jwdu



b pels 0 (Sl o (S Sl a5 e

&;ﬂ_}L;.ﬂ el YV B AV IATAEA BV IAVAS 6LAC/db l;

c/do sy Sa, dos Jlie )5 ladgas cpl oo
sl ol 0als OLES (C—i)&ii)>;ﬂwéh

25
15 _
1R
05— ‘!\\
0 . ’
0 4 8 12 16 20
C(%)

[9] Wic=0.75 _Su.iS U5 ,m Liulesl (LAl

—— Cd=3.21
i i 2.14

e iy 107

Cy(%)

[9] W/c=0.4 _Su.iS 05w iulesl (o

—.—lvd‘d 1.z
Rr | -l c/ds=1.5
l ——c
' ‘ o el 2.3
, ey 2.5
0 4 8 12 16 20 24 28 32
(%)
= > N -
[4] o o 1S 5s 5 X aubes] (¢
1.z
—p iels=1.
Re: ——
e =26
0.2
0 + T
0 0.5 1 1.5 2 25 3 3.5
(%)

[16] slsalws gla s 2abesT (o

aMaéjfdubﬂfﬁﬂﬁ Qﬁ}wé‘;)ﬂC/dbﬁliJﬁ

LSL”"JKJ':‘ LS;'"‘-?% Cwglis 59, » C/dy I
R b edd 03, 55

A Al S g0 03 (08 Slalllas
5Ok On St Caslie g5, (Cfdy) 5 S
Sldlas Ole 55 ol ol plasil ol 03 5 5 e
[4] s sans 5 BOLLE Sllae ¥ i 55 eds S5
2 S 18] bles 5 [9] OLes 5 b
Lo s 280 o (Re) oo (S Sooslis (555
o 5 0508 Glailesl cow Ciliss glacldy
Cod D30ty RD) ol (S nglin . Liles S
Coslie @ (Tue) ol o355 g0 S g Zunslie
o (o) OF b Bt o o355 i sad (S sy

Dy st

R, = = M)

Tuo
31 oslizd U 9] 0L es 5 mdl Y1 Jle s
Conslie S35 » S S SIS Oapm bl
w50 4t Jol LT s in S s ) Sy
Gladoss Cos VYV 5 YAE AV s cldy L
ol S Seslie oy e (S
JELLEL 8) 5 VY (L Canslin b 1 5l a g
5 80e Says doys blis s il glacldy L
L (05 hg) sl K2 3 w5 (Cu(%))
S sl 5 Xl S, 550 slie Cu(%) .o 0 0315
g s dmle b3 D50

C,, = Zol-Me )

mol

o 63,550 5 Shoa Jsb A1y 055 Mg 0T s S
S ey 3 8he 035 Me 5 0l 03,55 5 Shs Jsbo |
sl QS 05 4
Lcldy 1 4] s sanls 5 50LLE YrrY Jlo s
:Jf.l.:a slad ol 5l osu:..ﬂll._:;:.ﬂ)ﬁ o glin (S5
axlllas ol Xs S s (S2)550 S B 53 S 2
Gyl Olgsa Gl LBad 18 &S sl 303 OA ol
ST ST

H“M ‘j);ju":j.)jwdﬁw

s s lige &



e “-D/CJJ e — g LS o (5040 pl

Coglin s gl 5 o dd 4,1 sade
o (S s

b (Ko g Saslis i S5 o 5 65 5 bokes
Oy 3 g 5 il or SRl 30 Ml (S5 Gl 58l
th b L o B Co) e S2
Fart S gy aslis O 5l oS Gl (S, 5
S5 slp ¥ S e 4 S e R o
S5 g (il sh e b (g 03,
YU /AL B3 gden 3 a8 Slidss 53 Sl
odd 03,51 (V) Jsdr 53 oS il sl S5 dw s
sl

DA R B B CWRCVR FAR AN L P P W
Ssbolea ol s &1 (V) o 3 LS Ol
03 Cldy el &yl gladde miy 55 558 0 el oS
sl ol a S L

B s cldy Gl [4] ssanls 5 30LLE Jue s
xS s JJQ._\» JL_L«)'T)J el 0l ad S
“e Sl Mg s o S S S
SN g Caslie e G 5 Ul bl s
S Sl S5 S1die Cu Jbe (ol 530355 o0 arsles
s sl 4 sad 53 o8 8 S 5 e S Sl s
Sty glie (S35 nl 5 1S GKslen
el sy o G355 5 55 lMde PBlus

Sas 2 S A16] blees Y)Y Jlu s
o b Dlados plas o 5 8 Sy aslis
Yoo XYoo dai/a shils b, @dlas cpl 55 58
Covo g Loy YV 5 Y /o gl cldp L e o
Coglia L S 13 do)s 0 /0 o gls s,
St oy a3 ksl o (Sosm
ol o3ls 0L (5-8) ISKo s cils (sla Cldy (sl
sl

22 AE S3AS S bokes (8) S5 edalie U
2 5 Al Rl (Ko Saslie oS (sla 5o,
Sl Srasn Caslie W Ssyt lados
L dias o 0L (0 5 2=1) b IS5 (eaman Ll e
DAl Jsp Cand 3 ove o Ot il
S eslizad U oS (5 cilig) sla IS5 51 bl sl e
0 Ol o ool sdalimsay SUES 05w ilesl
05488 osbolen ul sly e Sy G (Glames oo
Sl (S Caglie mls s S5 LS iy
callls slaadsy sla s @L:j o S 5 e
Syl g iy

38k bl s Sl adlas pl 55 ol
Cuslie Sy pCldy 31 (s3ludde gl o 5s 1805
ol osliul sl o5 4 6L§JJ§.L:A o v.(wﬁ

NG

Sl S5 5 o (Stgn Canslie glade \ s

Cer(%) ) &
V/o R, = e™0117(Cw-15%) [17] OLKan 5 155550
/AL R, =1-0.056C, [18] 1,8
R, = @0.0561Cy [8] [,\Ulfw.a K d‘

C
v R, = 0.116(ﬁ)‘°-55

[19] oL Kes 5 Kl

c Cw
- R;=0.932 +0.044 — - 0.823 —
dy C

[4] g pasls 5 B0LLE

u

o2 Olas lige &

M“M 4}.}9‘)/.«.;‘/»}.>ij[¢



b pels 0 (Sl o (S Sl a5 e

Yo Y/¥ q/ Y/0) VY
¥\ Y/¥ \V/0 YAy 1/00
YY Y/¥ \Y/e YAy 1/00
Y Y/¥ Ve \/VA VYV
A3 Y/Y A/ /v YV
Yo Y/Y Y\/» VAN A
™ YV v/ 0/4A Voo
\n% v v/ 0/4A Voo
YA YV V/A 1/4A AVANY
A YV Y/0 0/4A \VAR)
e YV 0/+ 0/4A \VAR)
A YV Y/ 0/4A \VAR)
LY YV \Y/» /AN VJAY
LY YV \o/0 £/4A */AY
it \YA% Ye/e Y/44 Y
{0 /v Yo Y/a4 +/0r
£ \YA% Y'Y/ 1/44 YY
1A% /0 o/ Y/ V/en
LA \/0 v/ \ray Voo
£q \/0 \A8 Y/Yo +/4Y
X \/0 7% Y/et (VAN
0\ \/0 VV/Y V/YY /XY
oY V/0 VEe/e /N Y
oy Y/0 v/ [ TaN% /oo
0t Y/0 o/ 0/ V/er
00 Y/0 &/ £/41 +/AY
01 Y/0 a/¢ L/vo +/Vo
oV Y/0 Ve Y/AL v/0
oA Y/0 YY/E \/EY v/Y0

6‘JJ Sl s wjfijJC/db J-?l JJ"" w\)b

)\J_‘)‘rj.: L) ol u:“JJ‘fw’”Jif'@—’ Jsles (Bun gﬁ-l
S 4 il glaCldy (gl p Jsp L s (JS]
Ty e PRI PV S RGN N W 6353
waw\(d_}\v‘)b)dk}g:)‘)ybe.lﬂz&)‘)\f

(0) JSi ool Cldy o (sl ods 5315 slades

Ls.:\.g.'.f.’.ﬁ: Jdw
25533 8e glad sad gl 3l eslinal b Jisu cnl 3
52 45 [4] spaals 5 0L B 0t G o 2
SalS e gl uj‘)"‘ Syl el n:)ﬂ(\')djv\?

.Qw(o.)uid&;'-l:ﬁ: L;b))}ﬂd&l.o;';wﬁ Q.A_}LE.A

[4] 2 53 1S53 3 S glad gad DBl Y J s

Gyadesled | cfdy | Cu(%) Tue R
\ Y o AVAR) Voo
Y Y o/ AVAK) Voo
Y Y Y/A \AR Ve
§ Y £/ Y/AY /A
° Y ye/0 \/AA /ov
1 Y VYV /At AL
v v Yo/s A% VAR
A YN Vs /e Voo
q YV v/ Ay \VAR)
Ve YV 0/0 0/44 /4
X \A% q/+ o/NyY A
VY YV Vo/e Y/44 AN
2 YV Y4/ VY AR
Vo \/Y Vs Y/a0 \/+0
1 /Y /e A7aN +/40
v \/Y \/o Y/ +/40
YA \/Y V/o /oY AL
14 \/Y Y/ Y/ AL
Y. \/Y §/s V/VA VAt
Y \/Y /0 VA /EY
YY \/Y A +/AQ AR
Ty \/Y q/» v /04 VAR
\3 \/Y Yo/ A AN
Yo Y/¥ o/ o/YY V/+4
AT Y/¥ o/ £/v0 AN
\% \AX A oIy VA
YA Y/Y Y/o0 AR AN
Yq YV v/ Y/0) VY

)r"M ‘j);/’u‘fj)jéfﬂdb

s s lige &



e “-D/CJJ e — g LS o (5040 pl

a 5 cldy o dal, dese OLE (V) S
6”*‘(-\)‘_}-(':‘)3 .&;M‘Md;.-)_) S &:J‘)}«.ad.s
'Q“‘J"‘j’”)ﬁT&TRZ)U\i‘jﬂv\n:rm)av\.iui)"ﬁ
—0845(C)3 7646(C>2+2325(C>
a=0. i . i 25(g
—27.2

™

5 Slen St om ol daly oy e edalie
3,16 5 455 C/dy

0.5 1 15 2 25 3 35 4

R*=0.9875

c/d;

J}}Mw%éj)ﬂc/db;l-\ﬁ

S el b Sl Sapet Jldde ol b
Cldy il 5y5lae (51 Sl (S350 55 S0k
0348 Sl Aoy VYl el 90 e acules
(V) Jsdr 53 5 Liles S S35 A3 Oliies oS (glos gdee
el 4 Sl el esls 0L

e Jap e s b sl KL L
RIS 5 s o (S sl
Gl S35 3l S Sla Sa, 5 55 (S g Conslis
) Sy oty oo St g sl Aol (Sl
239 o a2 (8)

- o OLS 1, Cldo=Y/V (gl @ deuloes & 55u 5 (540 500
kL b Vsl Siwer oo R? s
Cldb axs o gl () Jsd 53 &S ol AL 5T
S Slie (Co) Sl S35 ol 0l 0351
Caslie OF 31 585 s S, s S ol
e 03,51 Cas 4 gl Al S (Saasn
A Gl ekeloisa bt Usles 3 (Gl w (Sa,55
0313 513 G ol |y s (St 0 e slia I €/l

b oo damlous OT L bliae S, 55 I

0 5 10 15 20 25 30 35
%

ClA=Y1Y (gl ol 25l a0 |3

ool 0l 03,51 R? 5 Cor @ slie (%) Jsdr 3

@) e i Cldp il b aas o OLES (F) J g

53 Cfdy ppslie T o Al (8L (6 by o HalS
sl 0l ey (V) I psa Ll

sk osls a5l e ONVslas gla ual,L W g

cldy a Cer(%) R?
\/Y —+/+q AL +/44yv
\/0 —+/eY ' /VE +/44A
Y —+/ LA V/AQ +/44Y
Y/Y —/0E \/YY +/AVY
Y/o — /2 TE \VANS +/AAQ
YV /0¥ Y/ +/444

o2 Olas lige &

H“M 4})9‘}[«,}‘/»ijwa



b pels 0 (Sl o (S Sl a5 e

s sl S ARl 3T s sl sias
Ll 685 e

53 ol Bl1 gladigad oDl Jie L5516l
[12] 15 0 5 ahel da g5 ol @511 lads s (g5l te
444 Jl 53 [12] 13 ,me 5 abel .ol ol oslizaal 35
Caslis sa) xSt Fl oo s gl
fb.v" R3S >;—<L:‘ giiL‘)'T Sheslenal b J<~“’)*’
Saidee Vern b @ s A el g andles sl
o

53 sy e sk ol bl sl esls
A aloes [12] 1500 5 alel (slatipas 5 (s3ledbe
Sl ol H1(E) Jpde s Sl -l

Jde 555 0 sdaline (8) Jsdr 3 S, 5bolkea
2 e b s gladhe 4 el ooleiy
S sl 4S5 sbar il (5 58S Gla gl sl
3 AL dhe 4 s eolgiy Jue s (Bt)
5 18] Lo J17] O 5 1580 4] (g sanl5
VoA Co g a[19] 0LKes 5 Kb 5 [8] ol
(V) JSe ool asl ale w5 00 VY
ol s edd &l sladde 5 (eolgiin Jde > Shas
(V) JSE 534S sboles s e OLE 1 anlllas
i $3lgiy e (St g 55 0355 o oalie
Jho e o OLE s el 5855 adae Koo @
Ll 508 sl slls olgiy

Vo
( 1, <12
| 14 [0845(5)% — 7.646(=)2
R‘[ = 4 ' db ' db
IUZ?"ZS%) —27.2](Cyy — 1.2) Cy > 1.2
&)

(e (S gy, S gl g3\l Je (25
Ladde o3 b (onlgning Jie amglio 5 L350 skt
bl Gl ax s ol s eslicul gla ez s
Gllae 515l gto =m0 Sle =)l Wl e
Ls i aas S glas—t 5 jlae Gl ol =1

N 2
Theoj—Expe;
Expej
s

MSE = N (0)
N
Z ‘Theoi—Expei|
Expe;
— 1
AAE = EE— "V
N 2
Theoj Theoavg
Z (Expei_Expeavg)
SD = : V)
N-1
2§I|Expei—Theoi|
e = 100 * Lem—F )

XY [Expe;]

Olis i 5 4 Theoi 5 EXpei (g slaakl, s

Ciliies gladie 53 (bl glaatls § Jois

MSE AAE SD €t

[4] g pands 5 poLls Y/ VA WY AYE
[17] 0L 5 15850 | AQ/YE OY/EA 4+/Y0 YY/¥
[18] I, .8 EVENVTV | VEAT | oy vA | YAV
[8] ol es 5 V/VA VAJOA | YV/it \E7a\%
[19] olKen 5 Kb | VY704 YINY | Yossy VA/Y »
olgin Je Y/V LVA%3 /.4 /10

)r"M ‘});J['“"j‘fj‘)j‘;"‘d/"‘

338 O et ilige di



S p? “'WCJJ e — g LS o (5040 pl

132 12 4
.
* 3
1 ®op o0 14 e *
R2=0.81 2=095 (IR
. . s
08 . . : 08 1 .
£
3 3 v d
D 06 © » ® = o6 4
NS * it * ..
[ * = ° ‘ VS
@ C
* ° 1
04 s % 0.4 ¢ o9
* 0 .
R °
° ¥ | %o 744
0.2 * o *® 0.2
* * *
® e * 73 *
*
0 0 T T v
0 0.2 04 0.6 0.8 " 1.2 0 0.2 0.4 0.6 08 1 1.2
R, (2Bl R, (282L;)
. é N - . N .
[17] oL, 58,0 (u [4] L;yA;Jﬁ B ﬁdl;‘l«d Jde (Al
12 12
1 XY XY
1 Xy XY *
s S o
R?=0.80 % 08 1 Re=0.75 . »?
» o 0
* L 4
08 | ° »d 06 ’ ¢ *
S oo . L 34
5 . ~ b ©
4 @ 2 3 o4 e %o
D o6 . * =) S
8 * . ° = L 02 )
< ¢ [~ *
* * *
* % 74 @
o . . 0 * . .
* 02 0.4 06 08 i 1%
ae 3
* * 0.2 . -
02
0.4
06
6 @
0 02 04 06 08 1 12
08 J
R, (pEaleh R, (o&alesh)
[8] OL,n 5 J G [18] I, 28 (C
12 12
1 Qop 00 1 LYy RY
R2=0.96 * RI=0.78
. @ -
08 . 08 IS
.0 *» 3 N
~ ~ * *
3 3 ’
1 0.6
2 os o = . . o
o 3 B * -
* .« * .
04 *® 0.4 . L ey hd
* r N S L B
* ve -
0.2 ¢ @ 0.2 -
*
0 - - . - - 0
o 02 04 06 08 1 12 0 0.2 04 0.6 08 1 12
R, (2K8L;h) R (2Eslh
& . Z.
Salgdy Jbe (5 [29] oL, en 5 Kb (6

eﬁa:jcﬂ@w‘;@ﬁu}u.oj dﬁ&b)i@bwéwwvh}g

S Iee nliga &y

H“M ;_;;@L«J;‘»_;;_;JWJL.«



b pels 0 (Sl o (S Sl a5 e

oslzl b gilhane SSLUls o0 syl
Jie &S (goba S s S 08I )
aloes (A) Al 5l el L oS Bror) LS (gl
Soilwag rL?u" Lo s Sllde Blo a0 o 5l o0
Coner b [16] Uled a8iubel bk ol 655
O 555t (55,5 5 55 5 LS5 Yo 51 ey Yor sl
DLl oyl s o e ¥ O e 3 b s oy
Ny Saslhe e J55 4t o a0
S o 03, 5 lsaloy slas Sha b 5 gl oo
el 55 5853 5 Kl (Slad sas v

e sl sy 1, (10) ik, [16] Ll
s Lyl baloy gl s Saose
R, =1-0.1C, ()

[16] Ule—a e 5 (galginy Jho amslan (¢l
55 Ad e bme e 53 a6l (OLT o el

A2 Sl (V) s

il sladds s (sl T R S PR

ot MSE | AAE sSD

[16] bles §/8A | wJOA | o/NE | A

olgin Je Y/VV | Yo | Y/AA | £/40

Jde 558 o edaliin (V) Jsd 53 a5, 5boles
L obakeo 5 sla 5 s ‘_S,M}u Coglie (galgiig
3l Je Sl eslinal aS (g sbas U5 oo e g
Jdo 5 Comod IS Gl guoys V1 2alS sl
Sl Smrod b rzas 255 o [16] Llg
VAY oslg iy Jde sl 5 +/AT [16] Lle s Joke
e g o Sas sias QLS b o ol S 0]
el (g3l

@Lﬁ
flf_i.:l.aﬂ Sliass g9y p Sladlas G ol s

s Nl o S go Canslie e 3 a8

sy sla 5 s ;‘:«x o glas
b i el wll ealgdiy Jue 5l Ese ol
Sads 5 la 0 s Sa s Canslie e (Sl
Jde b b (ol e gl 5 355 on eali
3 op 4ol [16] Llens
o 3 S sbles
plamil Jlsalos (sl o (S g Cuslis 535
g5 o) s 2 8S Slallls ales 3ol o2
el [16] Llgt asdllan il ol plil oo
Jsdr 53 [16] Ll slatlesl a0 by o Sl

sl 0 oJ))T (0)

[16] blerd slaslasT slass god oSl 0 J s

$yedoled | cldy Cul(%) Twe R.
\ \/0 AR £/YA /oo
Y \/0 V/aY A\VAR +/VO
Y \/o Y/7Y v/¢A +/OA
¢ Y/ o/ L/ Y Voo
0 Y/» YAY A\VAR! oA
1 Y/ AAR Y4 v
% Y/0 e £/71 Voo
A Y/0 Y/eV A\vay! * /A
q Y/0 AVAR Y/X A%

oo gl (gl galgiiy Jde 5l eslanal (gl 5

L oolgein e ol 3L a5 sla o Ko 50
L ol oy 1355 0, S [16] Bled slajilesl mls
U b Sl el b (Jy 5 4l 3 povie

53 dde 53 5 Dosen 0w S 3500 IS

g gn 45
R.=
( 1C,, 1.2
c3 c 2
1+ a[0.845(—) — 7.646(—)
dy dy

l+23.25(§) _272](C —12) Gy > 12
Q)

)r"M ‘});J['“"j‘fj‘)j‘;"‘d/"‘

s s lige &



e “-D/CJJ e — g LS o (5040 pl

G ilesT s (St s Caaslie 35 e stalie
Sl b by Calid 2 50 58 5 s
3,1 Al Slsds s sla 5
N g e slie canlas ool s eolg iy Jde Y
A Bleed Jde 4 i | Dbads 5 sla 5 e
Col Jue ol 5leslina | aS g sbas (5 oo ness
blged Jde a0 s IS (sl (sdm ;3 VT S

o Mgl sl 53 A pladl g sl 65
S RGOV PP IP Bl S X P AP
Sy Ll s 1 Joa Tl 5 258
25 B2 ) ool 2 ) Slsedo s sl
I PRV IR B8]
B U N S R
03 el o3, 2 slas koo Sy Conslis (555

555 o [16] Sl 0L Says Lguck.w

e

Duan, A., Dai, J.G. and Jin, W.L., "Probabilistic approach for durability design of concrete structures
in marine environments", ASCE, Journal of Materials in Civil Engineering, Vol. 27, No. 2, pp. 1-8,
(2014).

Cairns, J., Du, Y. and Law, D.W., "Structural performance of corrosion-damaged concrete beams",
Magazine of Concrete Research, Vol. 60, No. 5, pp. 359-370, (2008).

Al Sulaimani, G.J., Kaleemullah, M., Basunbul, I.A. and Rasheeduzzafar, "Influence of Corrosion and
Cracking on Bond Behavior and Strength of Reinforced Concrete Members", ACI, Structural Journal,
vol. 87, No. 2, pp. 220-231, (1990).

Shayanfar, M.A. and Ghalenovi, M., "Corrosion effects on tension stiffening behavior Reinforced
Concrete", Computers and Concrete, vol. 4, No. 5, pp. 403-424, (2007).

Law, M.W., Tang, D., Molyneaux, T.K.C. and Gravina, R., "Impact of crack width on bond: confined
and unconfined rebar", Materials and Structures, Vol. 44, No. 7, pp. 1287-1296, (2011).

Tondolo, F., "Bond behaviour with reinforcement corrosion", Construction and Building Materials,
Vol. 93, pp. 926-932, (2015).

Zhang, X., Liang, X., Wang, Z., Huang, H. and Zhou, H., "An Experimental Study on Effect of Steel
Corrosion on the Bond-Slip Performance of Reinforced Concrete", 5" International Conference on
Durability of Concrete Structures, (2016).

Lee, H.S., Noguchi, T. and Tomosawa, F., "Evaluation of the bond properties between concrete and
reinforcement as a function of the degree of reinforcement corrosion", Cement and Concrete Research,
vol. 32, No. 3, pp. 1313-1318, (2002).

Yalciner, H., Eren, O. and Sensoy, S., "An experimental study on the bond strength between
reinforcement bars and concrete as a function of concrete cover, strength and corrosion level", Cement

and Concrete Research, vol. 42, No. 5, pp. 643-655, (2012).

‘;wj)jﬁu/jaﬁ‘;w.tﬁgﬁ%fb M“Mg;@/«:‘fj.«jwdu


http://ascelibrary.org/journal/jmcee7

b pels 0 (Sl o (S Sl a5 e AR

10.

12.

13.

14.

15.

16.

17.

18.

19.

Zhang, W.P., Chen, H. and Gu, X.L., "Bond behaviour between corroded steel bars and concrete under
different strain rates", Magazine of Concrete Research, vol. 68, No. 7, pp. 364-378, (2016).

QYA (s 051 ollasl lghal (oo ilz) o] o sl fw 3 15 b ges N
Amleh, L. and Mirza, S., "Corrosion Influence on Bond between Steel and Concrete", ACI, Structural
Journal, vol. 96, No. 3, pp. 415-423, (1999).
Dai, J., Kato, E., Iwanami, M. and Yokota, "Cracking and tension stiffening behavior of corroded RC
members", Report of the port and airport research institute, vol. 46, No. 2, pp. 1-24, (2007).
Aryanto, A. and Shinohara, Y., "Bond Behavior between Steel and Concrete in Low Level Corrosion
of Reinforcing Steel", 15 WCEE, (2012).
Kim, H.R., Choi, W.C., Yoon, S.C. and Noguchi, T., "Evaluation of Bond Properties of Reinforced
Concrete with Corroded Reinforcement by Uniaxial Tension Testing", International Journal of
Concrete Structures and Materials, vol. 10, No. 3, pp. 43-52, (2016).
Shihata, A., "CFRP strengthening of RC beam with corroded lap spliced steel bars", Master of Applied
Science Thesis, University of Waterloo, Waterloo, Canada, (2011).
Bhargava, K., Ghosh, A.K., Mori, Y., Ramanujam, S., "Suggested Empirical Models for Corrosion-
Induced Bond Degradation in Reinforced Concrete", Journal of Structural Engineering, vol. 134, No.
2, 2008, pp. 221-230.
Cabrera, J.G., "Deterioration of concrete due to reinforcement steel corrosion", Cement and Concrete
Composite, vol. 18, No. 1, 1996, pp. 47-59.
Chung, L., Kim, J.J. and Yi, S., "Bond strength prediction for reinforced concrete members with highly

corroded reinforcing bars", Cement and Concrete Composite, vol. 30, No. 7, 2008, pp. 603-611.

)T"Mu)ijl.«.;‘fj;jwd/m L?"'VJJJJ"'/J“;WW‘@/”L



PP e Sl 3 5 oo DOI: 10.22067/civil.v32i3.70372 e33O lign &

Water Gems Jow 38 35290 &S5 i 39591 b O x9 395 A0 (6 Hlwdingy
F(OF 308 Ol Ja9) sed 183 90 4lian)
(stags cublssly)
Vs s dems Tlsasy 0L et Ol i

o Lo oian O ol sel 0 OB 5 b i b sl o ol w5 S (S Sl ety e O i O
33,5 oo ol ol Gl iz Lao S o %)/’J)/./an/)ujj&;)J ealdzalsypo (slod) s 4 pa alS Ll 4y pa ialS Gt ST
gaiuﬁJL;J/J)CJ/jﬂwﬁ_;y/’@,y;_(’_.:ﬂu_;;;‘%ﬁﬂxwu/ﬁqﬂéywu/ﬁ it ins i ol 2
Sk K il dhogy 00 G | oot = (Vo Coshy b s 25D (53 50 ailato ol w0 a7 b S G | 488,515 v 0050
b b ] 2 4Kt ol o 4 Lol o il 5 ol o L5 e (6,500 dlal 0 Ll calins  Jlo dns s 0 55Me s
ol 2 sl ol G ol 4 S L s Cgdgdime AS Ot a0 Ul b 5 jloes Jlid oS- iagh 008 am
b Sds b fold ez S matlab2014b /5f 7 L e 5 ol Sooba Ll WaterGems ot j/ a;@/@cﬂjy"&; 4l
ol o iladigs (sla )l ST older o il (Sildigs OLL o w/ujffbu/&ww o &f’@u@jﬁjﬁ/b}'dju%
Sk 3 sl i l das 45 S ObRE ClE s 18 slhe Cons g g0 4SS LS Spgr g i i ialS LI 4S sl ‘JM@/J

.@/w)f;yjﬂ&ﬁuyajjj:f@ﬂﬂuj) lo )Y

S35 0 (3l (ST ssder Bilee < Water Gems o s K S slasilg

Optimization of Water Distribution Systems Using Genetic Algorithms in WaterGems
model (Case study: part of Rooydar)

Saeid khalifeh ~ Gholamabbas Barani  Vahid Khalifeth Mohammad Zonemat-kermani

Abstract The highest cost of forecasting for a water distribution network is compared to the design and
oversight section of the project .If the goal is to reduce costs, part of this can be achieved by reducing the
cost of pipes used in the network and the standard pressure of water in the nodes. This study is a
multiobjective optimization function that will be executed in Part of the water distribution network of the
Rooydar city in Hormozgan. In optimization of water distribution network, In addition to financial
problems, Should be noted to other aspects such as pressure and velocity of water in pipes which have key
roles in network design. In the present study, the permitted pressure and standard speed in the network are
considered as limitation constraints .For this purpose, in this study, the distribution network using the
WaterGems model has been analyzed for hydraulic analysis, and then with coding software matlab2014b
including target function and optimization by genetic algorithm according to the network characteristic.
At the end of the optimization, Based on the dual objective function, in terms of cost reduction and improve
network Pressure, a Scenario with good condition was chosen. This scenario caused a 12-15% reduction
in costs.

Key Words Optimization, Water Distribution Network, Genetic Algorithm, Water GEMS.
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Table 1. Statistical parametersfor bond strength of

RC beam with corroded lap spliced steel bars

model €rot MSE AAE D)
Shihata 4.48 0.58 5.14 8.04
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A Proposed Model for Estimating the

Relative Bond Strength of RC Beams

with Corroded Lap Spliced Stedl Bars,
Considering C/dp

Yaser Moodi!  Mohammadreza Sohrabi?
Seyed Roohollah Mousavi 3

1. Introduction

Steel bar corrosion is the main failure cause of RC
structures. When rebars get corroded, they expand
volumetrically (because of the composition of the
corroded materials) and become severa times the
ordinary rebars in volume. This corrosion-caused
volume increase results in tension in the concrete
around rebars which, in turn, causes the cracking and
splitting of the concrete cover.

The ratio of the bond strength in the corrosion state
to the value of its corresponding in the absence of
corrosion is called the relative bond strength. The
results of the relative bond strength are different in
Pullout test, Tension stiffening test, and Beams with
lap spliced barstest.

In this study, a model was proposed using tension
stiffening tests, for determining the relative bond
strength of corroded steel bars in the descending
branch. Then it was optimized using genetic algorithm
for determining the relative bond strength of RC
Beams with corroded lap spliced steel bars.

2. Proposed model

First, the results of mentioned tests are compared. As
shownin Figure 1, theresults of the Tension stiffening
test is more similar to those of Beamswith lap spliced
bars test. Therefore, the results of the Tension
stiffening test are used for the purpose of this study,
which is to propose a model for determining the
relative bond strength of RC Beam with corroded lap

25
15
R, y s o iy 321
1y 21
“En
0 . :
0 4 8 12 16 20
C(%)
A. Pollout test (w/c=0.75)

spliced steel bars.

Then, the following relationship has been proposed
using tension stiffening tests, for determining the
relative bond strength of corroded steel bars in the

descending branch:
1 C, <12

R.= 1+[o.845(d£)3 —7.645(di)2 + 23.25(di)—27.2] (€, -12) C,>12
b b b

1

In order to use the proposed model for the relative
bond strength of RC Beams with corroded lap spliced
steel bars, the proposed model needs to be calibrated
with the results of Beams with lap spliced bars test.
After calibration, the relative bond strength of RC
Beams with corroded lap spliced steel bars are
estimated by using Eq. (2):
1 C, <12

R, = Cys Cy» c
1+30845()° - 7.646()° + 2325 )~ 27.2(C, -12) C,>12
@

3. Evaluating the proposed model

Statistical indices (total error, mean sguare error,
average absolute magnitude error, standard
deviation) for the proposed and Shihata models are
calculated and are presented in Table 1 to compare
the proposed model with Shiata model.

4. Conclusion

e The results of the Tension stiffening test is more
similar to those of Beams with lap spliced bars
test, in comparison with those of Pullout test.

e The use of proposed model for estimating the
relative bond strength of RC beams with corroded
lap spliced steel bars, leads to about 16 percent
reduction in thetotal error, compared with Shihata
model.

R,

—— 321
= widy 2,14
ey 1.07

Cu(%)

B. Pollout test (w/c=0.75)
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Fig. 1. Sedimentation pattern in the upstream duckbill weir (hv=0.13 m): a; experimental
sedimentation pattern, b; simulated sedimentation pattern

Table 1. Maximum error of simulation sedimentation pattern

H/P 0.1 0.2 0.26 0.33 0.4 0.5

Maximum error (%) 9.5 14.4 12 125 10.7 5.8
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Simulation of Sedimentation Pattern in
Upstream of Duckbill Weirs
Using Submerged Vanes
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1. Introduction
Duckbill weir is one of the water level control structures

in irrigation networks. The study of these structures is
very important due to the extensive use of duckbill weirs
in irrigation networks. If Sediments are transferred into
the irrigation networks, they are trapped in the
upstreaming of weir and can affect the upstream water
level.

The bottom gate is usually used in duckbill weir for
transferring the sediment to downstream. The opening of
the gate affects the sedimentation pattern locally.
Therefore, in this study the submerged vanes are used as
the sediment control of duckbill weir. Submerged vanes
are small hydraulic structures that are installed on the
riverbed to modify the near-bed flow pattern and to
control the sediments movement. Submerged vanes are
used in different arrangements. The commonly purpose of
the vane installation was the control of sediment entry to
the water intake.

The Fow-3D softwareis one of the CFD softwares for
simulation of the flow and the sedimentation pattern. It
employs specially developed numerical techniques to
solve the eguations of motion for fluids to three-
dimensional solutions to flow problems. The Flow-3D
software solve mass continuity and momentum as well as
the sediment transport equations for flow and sediment
simulation.

There are no studies regarding the use of submerged
vanes for controlling the sediment in upstreaming the
duckbill weir. In the present study, sedimentation pattern
was studied experimentally and numerically when the
gates areinstalled in both front and side walls of the weir
and submerged vanes used in upstream of weir.

2. Method
In this study, submerged vanes are used for flushing the

sediment to the downstream in addition to the frontal and
lateral gates. The experiments were conducted in a
rectangular flume with 12 m length and 0.6 m width. The
vaneswere |located in four rowswhich were perpendicular
to the side wall direction. The flow and sedimentation

pattern along with the discharge coefficient of duckbill
weir have been computed when the gates are installed in
both front and side wall of the weir and submerged vanes
were used in upstream weir. The Flow-3D software has
been aso used for simulation of flow and the
sedimentation pattern.

3. Results
The results showed that the submerged vanes create
secondary flow which is so effective for flushing the

sediment especially in value of % > 0.33 (H is the head

over the side wall and p is the weir height). The use of
submerged vanes with the same height as weir not only
increases the sediment transport to downstream but also
increases the discharge coefficient. The comparison of
numerical and laboratory data shows that the Flow-3D
software can simulate discharge coefficient and
sedimentation pattern with high accuracy.

4. Conclusion

To prevent the sediment accumulation in upstreaming of
duckbill weir one can use the side gates and submerged
vanes together for avalues of H/P=0.1-0.5. The results of
image processing showed that there are good agreement
between numerical and experimental sediment pattern.
The maximum relatived error for simulation of sediment
pattern is 14.4 percent.

Figure 1 shows sedimentation pattern in the upstream
duckbill weir for h,=0.13 m (h is height vanes). As seen
inthisfigure, by increasing theratio of H/P, the efficiency
of sediment flushing increases.

Table 1 shows the maximum error of simulation
sedimentation pattern by using image processing method.
The maximum error of simulation is 14.4 % for the ratio
of H/P=0.2.

1 M.Sc Student, Department of Water Engineering, Gorgan University of Agricultural Sciences and Natural Resources
2 Corresponding Author, Department of Water Engineering, Gorgan University of Agricultural Sciences and Natural

Resources, Gorgan, Iran.
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3 Department of Water Engineering, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran.



Mohammad Kazem Sharbatdar - Mohammad Noorbaran

32 @
- 30 = nitial
5 28 L 14 u Final
H £ 5
g 2 E
i 24 Z 10
Ié I i
g 22 ] 8
5 o
£ 20 E &
2 0 5 10 15 0 5 10 15
o,
Replaced Pet Percentage (/) Replaced Pet Percentage (%)
35 Fig. 3. Impact strength test result.
F 3
2
£
B 2.5
=
o
“}“ I
@ 2
@ 0 5 10 15
1]
= Replaced Pet Percentage (%)
6.5
&
S &
=
B 55
o
5 s
fc
5 45
2 0 5 10 15

Replaced Pet Percentage (%)

Fig. 2. Different strength test results.



Journal of Ferdowsi Civil Engineering, Vol.32, No.3, 2019.

Improving the Concrete M echanical and
Structural Characteristics by Replacing Pet
Bottles as Fine Aggregates
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1-Introduction

There are different environmental-friendly methods to
recycle PET bottles while using them as fiber in concrete
is commonly used in the world. These crushed fibers can
be used as aggregatesin reinforced concrete. Even though
the compressive strengths of Pet concretes were less than
those of regular concrete, the flexura strength and the
energy absorption were increased and the brittleness was
decreased. Besides, other studies indicated that severa
light concretes were produced by pet concrete by
decreasing the total weight for calculating and forcing
earthquake loads.

2-Experimental Program

The main purpose of this research was investigating the
effectsof using different volumetric percentages of Pet for
recycling the waste aggregates (replaced with sand) into
concrete mechanical properties. The specific weight of
Pet was 464 kg/m® with size smaller than 4.75 mm. The
amount of water to cement the ratio for the regular
concrete was 0.54 with the cement amount of 389 kg/m?.
Concretes with percentages of 5, 10, and 15 were made to

be tested and compared with those properties of regular
concrete. Totally, 96 specimens as ono-reinforced
compression, tension, flexural, impact strength tests, and
slabs plus some reinforced slabs were casted and
tested.

3- Test Setup and I nstrumentation

The loading of compressive specimens was done
according BS1881 and ASTM-C39 Standards. Also, the
tensile strength of split specimens was measured based on
ASTM-C496 standard and the impact was assessed based
on ACI-544.2R, as shown in Figure 1.

4- Conclusions

The test results indicated that Slump, density, and special
weight of concrete containing Pet decreased. As shownin
Fig 2, increasing Pet percentage led to the decrease in al
strengths; however, the flexural strengths decreased less
than other strengths. Moreover, compared to the regular
concrete, the strength increased when 5% of pet was
added.

The flexural capacity of reinforced concrete slabs
containing up to 10% of pet increased up to 13.3 %. The
results of the impact resistant testsin Fig 3 indicated that
the initial and the final impact resistant of concretes
containing 5% Pet were increased up to 10 and 5.26%;
respectively. The botlh impact strengths of concrete were
decreased by increasing the pet percentage.

Fig. 1. Different strength test specimens
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the ASTM C496 Standard, was performed on the cylinder
specimens with 100 mm of diameter and 200 mm of
height at a loading rate of 0.05 MPa/s. The three-point
bending test (the application of a concentrated load at
mid-span), in accordance with the ASTM C1016
Standard, was performed on 15 bending beams measuring
320 mm long, 60 mm wide, and 80 mm high. In ultrasonic
pulse velocity (UPV) test was performed on cube
specimens with side lengths of 100 mm in accordance
with the BS 1881 Standard with the direct method (that is,
placing the transducer on both sides of the cubic
specimen) has been used. In the impact resistance test, 27
dabs reinforced with steel fibers, measuring 400x400,
with three different thicknesses including 2.5, 5 and 7.5
cm were investigated under the drop weight impact
effects. Fig. 2 shows the drop weight impact testing
machine. By means of a steel cable installed on a pulley,
the testing machine used a steel ball weighing 5.8 kg. By
means of the steel cable and the pulley, the ball repeatedly
went up to the height of 1.5m and dropped onto the
specimens. This continued up to the moment of failure
development in slabs. To guarantee that the ball would
precisely hit the slab center, a guiding system was used
for the ball, which consisted of a cube and a plastic pipe.
In this test, the number of blows required for the
development of the first visible crack and for the slab
destruction was recorded.

Fig. 2. Test setup of drop weight impact

4. Conclusion

The present study deals with the impact strength of
concrete slabs by means of low-speed impact test (drop
weight impact test). The present study mainly aimed to
improve the impact behavior of slabs by increasing the
slabs thicknesses and addition steel fibers. In order to
improve the impact resistance of dlabs, therefore, the
volume of fibers used in slabs was 0.5% and 1%, and
thickness slabs was considered 2.5, 5, and 7.5 cm. The

drop weight impact test measured the parameters of first-
crack strength, failure strength, and absorbed energy.
Results of the drop weight impact test showed the
considerable role the steel fibers can play to increase the
impact resistance of slabs. In this test, the fiber-free slabs
showed a brittle behavior since they reached failure and
were fragmented immediately after the first crack
development. However, the slabs containing steel fibers
could endure many blows after the first-crack
development up to the moment of failure. This shows that
steel fibers can effectively increase the consolidation
and/or resistance of specimens. Fig. 3 shows the
difference of failure mode of the plain and RC dlabs.
Impact test results showed that the role of addition of steel
fibers in increasing the slab resistance was much more
significant than the increasing slabs thickness.

0% Steel fiber

0.5% Steel fiber

1% Steel fiber

Fig. 3. Failuremode in plain concrete slabs and RC slabs
under drop weight impact
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1. Introduction

A concrete is the most widespread material in civil
engineering, and due to its technical and economic
advantages, it has gained widespread acceptance in
various structures, although it suffers from disadvantages
such as brittleness, and poor performance, particularly,
under impact and tensile loads. In order to improve the
mechanical propertiesof concrete, and in order to increase
its capability for energy absorption and impact resistance,
researchers have recently focused on the use of natural
and artificial fibers. Self-compacting concrete was first
introduced in 1988 as a durable type of concrete suitable
for being used in structures. Early studies on the self-
compacting concrete were conducted by Ozawa in 1989
and by Okamurain 1993 at the University of Tokyo. Self-
compacting concrete is a type of concrete which flows
under its own weight without needing any vibration, fills
the mold, and keeps its homogeneity. Results of the
previous studies show that the plain concrete is weak
under the impact and flexural loads. It is very effective to
use natural and artificial fibers in order to increase the
concrete strength for the flexura and impact loads.
During the last three decades, many studies have been
conducted on the effects of steel fibers as they contribute
to the mechanical properties and impact resistance of
concrete. Previous studies show that steel fibers can
considerably improve the mechanical properties and
impact strength of concrete. The application of different
fibers can enhance the concrete strength under dynamic
loads. Adding fibers to concrete can increase the energy
absorption and can improve the impact resistance of
concrete, and it can prevent the cracks from spreading.
Moreover, short and separate fibers can delay the
distribution of cracks resulting from impacts/blows. This
is due to the fact that fibers play the roles of bridges over
cracks, thereby stopping their further spread. Fibers
bridging over the cracks will consolidate the concrete and
will increase the flexural and tensile deformations.
Soroushian, Ataullah and Hsu (1992) showed that the
addition of fibers could increase the first-crack resistance
and the ultimate resistance in the impact test more
effectively, as compared to its effects on the flexural
strength.

2. Experimental Program

To make the specimens, the Portland cement, Type 2, was
used in accordance with the ASTM C150 Standard. The
present study used the hooked-end steel fibers measuring
50 mm long and 0.8 mm thick. Figure 1 shows the
photographs of steel fibers and Table 1 shows the
properties them. All the aggregates passed through No. 8
sieve, with the specific weight being 2.6 (gr/cm®). In order
to achieve the required workability, the researchers used
Dezobuild 10, acommercia carboxylate superplasticizer,
for making the concrete. Table 2 shows the concrete
mixed design used for constructing the specimens. The
mixed design used for making all the specimens contained
the same volume of aggregates, cement, water, and
superplasticizer, with the specimens being different in
terms volume of fibers and slabs thicknesses. The present
study made 27 dabs reinforced with steel fibers,
measuring 400x400 cm, with three different thicknesses
including 2.5, 5 and 7.5 cm in 9 different models (3
specimens for each model). Among the 9 models, 3
models did not contain fibers and were used as the control
specimens, other models contained a 0.5% and 1%
volume of fibers. All the specimens were kept at 25°c and
85% RH for 24 hours. Then, the specimenswere cured for
28 days in water tanks of 20°C. After 28 days, the
specimens were tested.

Fig. 1. Stedl fibers

Table 1. Properties of steel fibers

Fiber Length Diameter E Tensile strength
(cm) (cm) (GPa) (MPa)
Steel 5 0.08 200 1100
Table 2. Mix design used.
Sand Cement wW/C Water SP
(kg/m®) (kg/m®) (kg/m®) (kg/m®)
1006 1006 0.38 383 4.8

3. Test procedure

The compressive strength test was performed on cube
specimens with side lengths of 100 mm in accordance
with the ASTM C39 Standard with a loading rate of 0.3
MPa/s. Splitting tensile strength test, in accordance with
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After calculating the outputs of hidden nodes, thefinal
outputs are defined as follows:

h
Ny = _Zl(Wj S;)+By (3)
=

Where Wj is the connection weight from the jth

hidden node to the kth output node, and Bg is the bias
(threshold) of the kth output node.

In this study, in order to predict the ultimate axial
strength and investigate the effect of different variables
on the behavior of columns of CFST columns, a three-
layer neural network with 5 input neurons in the first
layer, 11 neurons in the hidden layer and one output
neuron in the third layer using the conjugate gradient
Polak- Ribiere (CGP) method are used for network
training with the number of replicates of 3000 epoch.

4. Validity of prediction models

The confined index of absolute error ration of the studied
models and ANN predicted results are presented in Fig.
2. The model with highest d/MAE has superior
performances in the prediction of ultimate axial load
compared to others.
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Fig. 2. d-to-MAE ratiofor train and test data

According to the results of Fig. 2, the experimental
models presented by Lai and Ho (2017) and
Hatzigeorgiou and Dong et al., Lu and Zhao (2010) | and
EC4 cod show the best performancesin terms of accuracy
compared to other prediction empirical models. However,
the ANN mode provides the superior performance
among other approaches in train and test phases.

By comparing the aspect ratio (D/t) on the axilla
behavior of CFST columns showed in Fig. 3, it can be
concluded that the axial forcesare reduced by theincrease
of aspect ratios due to the decrease in the effect of the
confinement steel. However, this decreasing capacity of
the columns for different f'c has provided nonlinear
relations.
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Fig. 3. Effect of D/t for different f'c on the axial force

5. Conclusion

Based on the predicted results for ultimate strength of the

concrete steel filled steel columns, the following

observation can be extracted.

1- ANN model with correlation coefficient of 0.992
provides the best fithess compared to experimental
empirical models and EC4 code. The ANN improves
the RM SE about 100% in the training phase and 45%
in the testing phase compared to the best empirical
model.

2- By applying ANN model, a nonlinear relationship
between concrete strength and ultimate axial strength
is observed for high strength concrete with
compressive stress more than 100 MPa.

3- By increasing the aspect ratio, the capacity of the

columnsis reduced.

Nonlinear behavior for the CFST columns are

conducted with respect to the diameter of the

thickness of the steel pipe ratio as well as the
compressive strength of concrete.

P
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1. Introduction

Concrete-filled steel tube (CFST) columns, which are
formed by the filling of a hollow steel tube and concrete,
are increasing due to the composite reaction of concrete
and steel in many engineering structures. Not only do
these sections have many advantages in construction, but
they aso significantly improve the mechanical properties
of the structural components compared to reinforced
concrete elements.

Generally, the design codes and ordinary process-
based linear analysis of designs for considering the
effects of steel tube and reinforcing concrete are ignored
in the composite reaction (steel-concrete interaction) in
CFST columns. One of the maor drawbacks of the
empirical models and arithmetic design codes is to apply
the limited number of experimental samplesto regressthe
ultimate capacity relations of CFST columns. Therefore,
the application of proposed models does not have awider
range of acceptable accuracy. As a result, existing
forecasting models may not be able to predict the
behavior of these types of structures accurately. On the
other hand, the effects of steel yield stress, concrete
compressive strength, diameter to thicknessratio, and the
ratio of height to diameter on the behavior of CFST
columns have not been clearly interpreted in previous
studies.

In this research, Artificial Neural Network (ANN)
multi-layer has been applied to predict the ultimate
strength and to examine the effects of different input
variables on the behavior of CFST columns. Nonlinear
ANN model based on 70% experimental data consisting
of 1168 CFST circles using input variables such as
geometric properties of samples (sample diameter, height
and thickness of steel tube) and mechanical properties of
steel and concrete (steel tube yield stress and concrete
compressive strength) have been considered, and 30% of
the experimental samples are used for verifying and
comparing the eight experimental models and the EC4
code. The results suggest that the successful application
of ANN and the high performance of this method have
been shown to be more reliable in terms of accuracy and

more adaptable to circular column experimental data
compared to empirical modes and design codes.

2. Data analysis

In order to evaluate the ultimate strength models of the
CFST circular columns, the laboratory data derived from
references containing 1168 columns is used in the
modeling structure. In the test specimens, steel tube yield
stressis different ranging from 166 to 853 MPa; concrete
compressive strength varies form 15 to 193 MPa; the
range of outer diameter variations and steel tube thickness
vary from 47 to 1020 mm and 0.70 to 30.13 mm.

3. Artificial Neural Network Perceptron Multi- layer
(MLPNN)

Artificial neural networks have been inspired by the
behavior of the human brain's biologica neurons.
Simplicity, low cost of computing, and high performance
for estimation, have made this computing tool
considerably popular. In MLPNN, anonlinear connection
between inputs and outputs can be created. A three-layer
network, including input, hidden neurons, and output
layers, is shown in figure 1 showing the input of each
hidden neuron is the total weight of input variables with
abias, which can be expressed as follows:

Input Layer Hidden Layer Output Layer

Fig. 1. Threelayer perceptron neural network structure
with fiveinput variables, one hidden layer and one output
neuron

n
SjZZ(Wini)+Bj,j=1,2,...,h (1)
i=1

where n is the number of the input nodes, Wij shows
the connection weight from the ith nodein the input layer
to the jth node in the hidden layer, Bj is the bias
(threshold) of the jth hidden node, and Xi indicates theith
input. The output of each hidden node is calculated as
follows:
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Fig. 5. Variance of concentration for four cross sections

4. Conclusion

Three important parameters that enhance the transverse
mixing in the flow are turbulence, shear velocity, and
secondary currents. As the flow pattern shows, the
presence of the triangular vane in the flow, guidance the
near-bed flow to moves from the middle of the flume
toward the bank and the near-water surface flow guidance
from the bank toward the middle of the flume clearly
indicate the formation of a counterclockwise secondary
flow cell. Because of such apattern the transverse mixing
is increased. The results also show that the variance of
concentration increases about 30% compared to when
there is no vane. Also, the peak point of mean
concentration decreases about 80% compared to when
there isno vane.
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1. Introduction

Thetransport of pollutantsin the large rivers especially in
the lowest downstream reach of a river, in which the
velocity and the intensity of flow turbulent becomes very
low, are mostly performed to agreat extent by dispersion.
Any measure to enhance the turbulent intensity by
generating the vorticesin the flow field will increase both
longitude and transverse diffusive coefficients which in
turn will accelerate the transfer of pollutants. The study of
Sharma and Ahmad (2012) showed that the submerged
vane increases the transverse mixing of pollutants in the
streams. In the present study the effect of triangular vane
on of transverse distribution of pollutant is investigated.
Triangular vanes are structures which are installed at an
angle of 20°-30° to the flow and inclined into the stream
bed for banks protection. Bahrami-Y arahmadi and Shafai-
Bejestan (2016) studied the application of triangular
vanes attached to the bed in a 90-degree river bend and
concluded that this measure modifies the sediment pattern
in such away to protect the banks from erosion. In their
study the 3D components of flow velocity were also
measured in tests with and without an installed single
vane. The results show that the triangular vanes create a
clockwise counter secondary flow cell near the bank,
which counteracts the clockwise main secondary flow cell
in the bend for a distance of about 5le (le is the van€'s
effective length) downstream of the vane's position.
Therefore in this study the effect of triangular vane on
transverse mixing is investigated.

2. Experimental phase

Based on the purpose of the present study, the experiment
is performed in a rectangular flume of 0.8 m width and
10m length. A salt solution was used as a tracer, and a
concentration tool measuring equipments consisted of
conductivity probes to measure concentration in four
cross sections at the same time (figure 1). The velocity
and depth of flow wererespectively 0.2, 0.25,0.30.35 m/s
and .15m. The vane was triangular and made of plexiglass
with athickness of 4 mm. The effect length of vaneis30%
of width of the flume and angle between the vane and the
main flow directions 45 (figure 2).

The three-dimensional (3D) velocity components
were measured using the electromagnetic velocity meter
JFE ALEC model ACM3-RS. The flow pattern is
measured in 14 points in transverse of flume and seven

points of depth of flow. The sampling rate was 20 Hz and
the minimum time of sampling was 10 seconds.
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Fig. 2. Traingular vane

3. Results and discussion

3.1. Effect of triangular vane on distribution of
concentration

The results about distribution of concentration of tracer
for two conditions with vane and no vane are depicted
(Figures 3 and 4). As it is shown, the distribution of
concentration is more disperse in the transverse direction
when the triangular vane is installed and it causes the
distribution of concentration to be more uniformed in
transvers direction. Also, figure 5 shows the effect of
triangular vane on variance for four cross sections. As it
is shown, the triangular vane increases the variance of
concentration about 30% compared to the case of no vane
and the effect of triangular increases in distance far from
vane.

vicm)
Fig. 3. Tracer distribution at a section for no vane

1 Corresponding Author: Ph.D Student, Faculty of Water Sciences Engineering, Shahid Chamran University of Ahvaz,

Ahvaz, Iran.
Email: e.yabarepoorl4@gmail.com

2 Professor. Faculty of Water Sciences Engineering, Shahid Chamran University of Ahvaz,
SProfessor, Faculty of Water Sciences Engineering, Shahid Chamran University of Ahvaz, Ahvaz-Iran.



Gholam Hossein Hamedi - Mohsen Sohrabi

energy parameter is another important consideration
that must be taken into account when assessing the
moi sture damage of asphalt mixtures. This parameter is
equivalent to the adhesion energy between bitumen and
aggregate in the presence of water. Its values can be
calculated using the free energy components of bitumen,
aggregate and water adhesion and debonding energy
relation. Calculations show that the separation energy is
negative in the presence of water. This means that all
asphalt mixtures will become bare in the presence of
moisture, but the intensity and velocity of this
phenomenon will vary. The lower the negative energy
value, the greater the amount of energy released by the
reaction of bitumen and aggregate in the presence of
water (stripping). Mixture with more negative
debonding energy is more susceptible to moisture
failure. That is, when water enters the bitumen and
aggregate system, the mixture becomes unstable and
will release energy to reach steady state. Therefore, the
process of separating aggregates and bitumen in the
presence of water is spontaneous. It should be noted that
for the ease of analysis, the absolute magnitude of the
separation energy isincluded in this study.

4. Conclusion
This study was conducted to evaluate the effect of using
micronized calcium carbonate to cover and modify the
surface of aggregates for reducing the moisture damage
of asphalt mixtures. In this regard, two different
mechanical and thermodynamic methods were used to
evaluate the mixtures. In addition to assessing the
moisture sensitivity of the base and modified mixtures,
the mechanism of damage and the effect of the additive
were evaluated.

The most important results of the above experiments
are as below:

1. Modification of aggregate surface with micronized
calcium carbonate powder increases TSR values and
indirect tensile strength (ITS) of specimens made in
wet state.

2. Theuse of calcium carbonate coating has reduced free
surface energy of al the aggregates used. The
reduction in total free surface energy increases the
coating's ability to bind and bind to aggregates.

3. Cacium carbonate coatings by atering the acid
component and aggregate play, increased adhesion
between bitumen (which is an acidic substance) and
aggregates. 4. Calcium carbonate has reduced the
polar components of aggregates. This increases the
friendliness of the oil and reduces the tendency for
the aggregates to become more polarized like water.
The surface coverage of aggregates increases the
non-polar components for calcareous and granite
aggregates, but for the quartzite aggregates the
content of this component is reduced.

5. The use of calcium carbonate coating on cal careous
aggregates has increased  bitumen-aggregate
adhesion in the mixtures. Regarding granite and
quartzite aggregates, it did not affect the adhesion
energy between bitumen-aggregates for mixtures but
decreased the amount of adhesion for granite
aggregates (to asmall extent) in the dry state.

6. The use of hydrophobic coating of calcium carbonate
reduces the amount of separation energy of the
samples. This makes the bitumen-aggregate system
more thermodynamically stable and decreases the
severity of the stripping event.

7. The results of the two methods show a good
correlation  between the mechanical and
thermodynamic method

Table 1. TSR values of control and modified asphalt mixtures

Asphalt Control Modified Control Modified Control Modified

mixtures Limestone Limestone | Granite Granite Quartzite | Quartzite
lcycle 84 87 73 63 74 72

3 Cycles 73 79 60 50 64 60

5 Cycles 59 68 48 34 49 46
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1. Introduction

Researchers are currently using new approaches such as

the use of the concepts of surface free energy (adhesion

and bonding energies) that overcome the shortcomings
of conventional experiments. These approaches can
identify the mechanism of moisture damage and the
influence of various factors such as bitumen and
aggregate properties and additives on moisture failure.

As aresult, it is possible to predict the likelihood of

these failures and to propose suitable sol utionsto reduce

moisture damage at the time of mixing design.

Therefore, the main goals of the present study can be

categorized as:

» Measurement of surface free energy components of
basic and modified calcium carbonate powder
samples;

* Identifying the effect of aggregate modification on
increasing adhesion energy and decreasing
detachment energy;

* Investigation of the effect of aggregate surface
modification on moisture sensitivity of asphalt
mixtures by mechanical methods.

2. Laboratory program

In mechanical experiments, the mixing schemewill first
be performed by the Marshall method. Subsequently,
the moisture sensitivity test is performed on modified
and controlled samples using the modified Lottman
method to investigate the effect of using calcium
carbonate coating on the aggregate surface.

In thermodynamic experiments, the surface free
energy components of bitumen and aggregates are
measured using the Wilhelm plate method and the USD
device. Then, using the thermodynamic relationships,
the free energy parameters of bitumen-aggregate
adhesion and detachment energy in the presence of
water are calculated to investigate the effect of using
aggregate coating.

Modified Lottman test is the most common used
laboratory method for evaluating the moisture failure of
mixtures in which a horizontal cylindrical specimen is
subjected to vertical loading. Thisloading causestensile
stress along its diameter, resulting in cracking and
breakage of the specimen in wet and dry conditions.

Indirect tensile strength ratio in wet to dry states gives
the index of indirect tensile strength which is an index
of moisture sensitivity in asphalt mixtures.

3. Resultsand Discussion

The results show that the surface modification of
aggregates decreased and increased the acidic and base
components of all three types of aggregates,
respectively. Since hitumen is known as an acidic
substance, playing with the aggregate creates better
adhesion between the bitumen and the acidic aggregate.
In addition, the results show that the modified
aggregates have less polar components than the base
samples. According to previous studies, the polarity of
the aggregates indicates a high percentage of silicon
dioxide in them.

According to the following table, the TSR ratio of
the specimens also decreased with the increase of ice
and thaw cycles. It can be seen that the use of
micronized calcium carbonate anti-stripping additive
has improved the resistance of the modified asphalt
mixtures to the control samples. This ratio is higher for
base and modified calcareous aggregates. In other
words, cal careous aggregates have the highest resistance
to moisture damage, while quartzite aggregates have the
least resistance.

It is clear from the values in the Table 1that the
surface modification of all aggregatesin awet state has
a positive effect, resulting in an increase in the indirect
tensile strength ratio. This increase in indirect tensile
strength may be due to improved adhesion in the
modified specimens. Due to the fact that calcium
carbonate particleshave akaline (gamma) properties, its
use has been able to increase the adhesion between
bitumen and aggregates, especiadly acidic quartzite
aggregates. In the five cycles of freezing and thawing
TSR hasincreased by 26.10%. is. So that in five freeze-
thaw cyclesthisratio has a 26.10% increase in strength.
It can be seen from Figure 5 that the adhesion energy
between bitumen and quartzite aggregates is lower than
that of granite and cal careous aggregates, which may be
due to the acidic properties of quartzite aggregates.

The application of calcium carbonate coatings on
calcareous aggregates increased bitumen-aggregate
adhesion in the mixtures, but the modification of the
granite and quartzite aggregates did not increase
bitumen-aggregate adhesion energy of the mixtures.
Rather, it reduced adhesion (to asmall extent) in the dry
state for granite aggregates. This may be due to a
decrease in the surface area of the modified aggregates
compared to the base aggregates. The detachment
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