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Study on the Features of Critical Arch in Granular Materials by the Developed
Trapdoor Apparatus

A. Ahmadi E. Seyedi Hosseininia

Abstract This paper experimentally discusses events being relevant to the arching effect in granular
materials by the developed trapdoor apparatus. A focus on the features of stable arch at two moments
when an arch is on the verge of collapse in addition to the time after the collapse. The critical arch for a
granular medium is the last stable arch belonging to a trapdoor with maximum possible width at a
particular base angle. The maximum trapdoor width is observed 4.7 to 8.67 times the average particles
diameter depending on the internal friction angle and base angle values. The critical arch has the
maximum width in proportion to previous run, whereas its height not only increases but will get smaller.
After arch collapses, particles remained in the test box, are approximately located on the horizontal rails
symmetrical. Besides, their arrangement remains almost constant compared to early one.

Key Words Granular Materials, Trapdoor, Arch, Critical, Collapse.
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Investigation of Operation of Link Beam Length in Nonlinear Dynamic Analysis of Steel
Plate Shear Walls with Coupling with Rigid Joint

M. Gholhaki M. B. Ghadaksaz

Abstract In recent years, Steel Plate Shear Wall system is used in tall buildings because of its advantages
such as high initial stiffness and resistance, energy-dissipation capability and economic feasibility. Due to
architectural requirements, using of big bays is usual and so if the usage of steel plate shear wall is needs
in these bays; its couple type is used. The Steel Plate Shear Wall with Coupling (SPSW-WC) consist of a
pair of planar spsws linked together with coupling beams at the floor levels. In this research, various frames
(SPSW-WC) in 3, 10, 15 stories with rigid joint with three different length link beam 1.25, 2.5 and 3.75
meter which were proportioned to have a plastic section modulus 100% of the HBE (CB/HBE ratio) at each
floor level and were put by using three acceleration mapping with nonlinear dynamic analysis and
ABAQUS software and the performance of the walls and link beam in base shear, drift and DC (degree of
coupling) were investigated. The results show that with reduction of link beam length in Steel Plate Shear
Walls with Coupling system, base shear increase and drift and period of structure decrease, also the link
beam length changing has different effects on coupling degree.

Key Words Steel Plate Shear Walls with Coupling, Link Beam, Plastic Section Modulus, Nonlinear
Dynamic Analysis.
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The Effect of Upstream Overhang on the Debris Blocking and Discharge Capacity of
Piano Key Weirs

M. Poshteh-Shirani M. Rahimpour M. M. Ahmadi

Abstract Piano Key Weir (PKW) is a flow control structure and it is a developed version of non-linear
weirs that has a high discharge capacity, so that, for a specified discharge rate, the flow head above the
weir is small, which may increase the likelihood of woody debris collection. In this study, the discharge
capacity were investigated through 5 different geometry of the weir with the ratio exit to entrance lengh
overhang with the values Bo/Bi=0, 0.5, 1, 1.25 and 1.5 and also the probability of woody debris collection
using five models wood ad the location of the critical zone for obstructing the debris in the said weir was
studied. The results indicate that increasing the length of the spillway crest increased discharge capacity,
so that PKW, s than to PKW, has increase discharge capacity to 26 percent. Also at a constant discharge
PKW4 25 than other models in this study is less sensitive to ocllecion. And likelihood of trunk woody debris
collection at this model relative to the models with ratios of B,/Bi=0, 0.5, 1 and 1.5 has 7/18, 2/39, 9/38
and 8/7 percent less respectively. Also in all models most obstruction was occurred in the entrance region
of exit keys.

Key words Piano Key Weir, Discharge Capacity, Overhang, Sample of Wood, likelihood of Collection.
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Effects of Discharges Source Section on Flow Characteristics of
Negatively Buoyant Effluent

N.Sheikhrezadaeh N. Sheikhreza zadeh M.Saeedi  J.Mohannadvali Samani A.Shacheri

Abstract Results of a comprehensive experimental study on the impact of the outfall source shape on
flow characteristics in surface discharge of negatively buoyant effluent in stagnant water were done on
two sections of rectangular and trapezoidal (The optimal hydraulic cross section). These experiments
were recorded in dark room and processed using digital analysis. Dense flow behavior was reported for
Densimetric Froude number less than twenty so, the self-similarity property of flow is not established in
these experiments. The parameters examined in this research include flow pattern, concentration profiles,
change width and flow trajectory. The result of flow behavior in these sections indicates that despite
similar behavioral pattern, geometric and mixing characteristics of trapezoid are better than rectangular.

Key Words Dense flow, Discharges Source Cross Section, Flow Properties, Surface Discharge.
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Investigating the Most Important Physical and Mechanical Properties of
Phosphorus Slag Cement

A. Allahverdi M. Mahinroosta

Abstract In this study, the properties of binary mixtures containing phosphorus slag (80 wt.%) and
Portland based-chemical activator (20 wt.%) at three Blaine fineness of 2050, 3030, and 4500 cm?/g were
studied. Also, Blaine fineness of 3030 cm?/g was selected to investigate the effect of curing temperature of
45, 85, and 200 °C on compressive strength improvement. The experimental results showed that with
enhancement of Blaine fineness, the bulk density and setting time decrease and water-to-cement ratio and
compressive strength increase and at temperatures higher than 45 °C, compressive strength decreases at
later curing times.

Key Words Phosphorus Slag, Blaine Fineness, Curing, Activator, Compressive Strength.
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Modified Electrical Conductivity Test Method for Evaluation Concrete Chloride lon
Permeability

A. Pilvar A.A. Ramezanianpour H. Rajaei

Abstract Standard test method for bulk electrical conductivity (ASTM C1760) provides a rapid
indication of the concrete’s resistance to the penetration of chloride ions by diffusion. In this paper a new
approach for assessing the bulk electrical conductivity of saturated specimens of hardened concrete is
presented. The test involves saturating concrete specimens with a 5 M NaCl solution before measuring
the conductivity of the samples. By saturating specimens with a highly conductive solution, they showed
virtually the same pore solution conductivity. Different concrete samples yield different conductivity
primarily due to differences in their pore structure. The feasibility of the method has been demonstrated
by testing different concrete mixtures consisting ordinary and blended cement of silica fume (SF) and
calcined perlite powder (CPP). Two standard test methods of RCPT (ASTM C1202) and Bulk
Conductivity (ASTM C1760) were also applied to all of the samples. The results show that for concretes
containing SF and CPP, the proposed method is less sensitive towards the variations in the pore solution
conductivity in comparison with RCPT and Bulk Conductivity tests. It seems that this method is suitable
for the assessment of the performance and durability of different concretes containing supplementary
cementitious materials.

Key Words Concrete, Chloride Permeability, Conductivity, Pore Solution.
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Investigation Effects of Canyon Topography on the Seismic Wave Scattering by 3D-BEM

M. Isari R. Tarinejad

Abstract A Boundary Element Code has been developed and verified by numerous study .The results of
the analysis of topographic forms triangular, trapezoidal, semi-circular and semi-elliptical under seismic
SH waves show that one of the important factors that influence on the dynamic behavior canyons are
geometric parameters (shape and depth). These factors with different frequency have various effect. The
results indicated that several parameters such as wave parameters (frequency and direction) are factors
that affecting the pattern of displacement on the canyon. It was demonstrated that the effects of this
parameters are highly dependent with incoming frequency. That is demonstrated with increasing
frequency, Effects of depth is increases. It is clear that, the graph of materials effects (damping and
Poisson) on the dynamic behavior and displacement pattern are undeniable and increase the accuracy of
result that need to be considered.

Key Words Topography, Three-Dimensional Boundary Element method, Wave Scattering, Site Effect,
Canyon Geometry.
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Numerical Modeling of Granular Soil Stabilized Using Biological Approach in Road
Substrate

V. Nezami S. Kharaghani N. Mehrannia

Abstract Biological method is an unusual way for soil stabilization in civil engineering, particularly in
the sectors of road. Microbial limestone deposits occur due to urea hydrolysis by an enzyme called
urease. Through this reaction, PH of the soil increases and Crystals of limestone deposit between soil
particles and reduce the permeability of soil. In this study, by using experimental results at the National
Institute for Genetic Engineering and Biotechnology, a road improved sandy bed is modeled by biological
methods. ABAQUS 6.11 in this study is used. The soil layer is modeled in elasto-plastic condition and
Settlement is calculated by using elasto plastic model in various thicknesses. The results show a
significant effect in reducing plastic deformation and increasing soil strength by using biological methods
in soil improvement.

Key Words Granular Soils, Biological Soil Improvement, Limestone, Numerical Modeling, The
Behavior of Elasto Plastic

il e QLN OT (5 0y sl 5 AY/) 2/ Y E Ui 3L ) é,u*
.M%ﬁ:e@\: h)kﬂuwww}ﬁ"pﬁe‘;ﬁ A&)SL?" Sl sl _;AL;:,\S(\)
Email: Vahid1162@yahoo.com i g oLl ) pls dgd wige 5 b e bk o st bk 5 (Y)

L Sl 5 psle dy oDl ST o&ls g 5 Skt Sl (585 (g gmils (7)


http://dx.doi.org/10.22067/civil.v30i2.31051

o) e 3 S s st edd (lu sl ST soude (g jlud e

ol s eslizad (65l Lawslasy sl il
S [A] s5d 0 sy iy oL5T s 033800 5 S
Calcium ) dS L IS 5 o5l 51 Jsloe Lol e
S u5 aSly s 34d e 35l S« (Chloride
by oddad s 5T epsl cl oyl sl Ayl
Jpame i jay S LS 0 GBS 1 aul b o S

Al g DS 5 s gel O

CO(NH2)2 + 2H,0—» 2NH4" + CO3? )

CO(NH2)2 oyl
NH4+ o5 5|
COy? oy S

R SO‘){ )94'>- BE gJ\_.Z.,\:J}S C-)k“‘.)s dﬁ
3 A D peedS Dl S sladl S ) 5o
g e bl dule Gladls o Sl b K

Ca?* + CO " —» CaCOs ¥ ()

Sl sk (WHIffin) (Y eVl
90 Olpeas ldS DL S o5 Ss s Joily
Log |y g0 gl Opn S gilea Gl
3 e sslal Sl sy sla SaSTy 5 (5 S
oAl 0 em Ol Sh sl G 0Lk
sl e g 3l Sl Sl SO
o 2 S8 el iSa wb@d (S g7ends
BB sse S s ol 5l Skl csw
sdigilua St SO ol 5y (glada>Me
Symah by Swesle 5 Aol Jade O szeen
S Sl S Gl Pl Ol 5 S oal
G Odey Sl xS te a3 p S kS e Sl
G pl el 5L 3500 Cwslie a5 LB )58
asle 5 gl Yoo g ol A58 o
sl 03 S 0 Ll (SU5 P ge e sddn
sl gy () (Dejong)  K-s

4o s
ol S de 1 (8P) st 5 Bl g, oo
3 ey sl cxle gl oY b b S
Sl oo Sas i3l 1y s e
SR S Ol il pl o5l 4 lse i
sl O Jol= oS Loy Sbt ol 55 sl
s Al e S gilea il e s,
Jsens & 55, (Biological Process) G35s)se
el oo g &S Al e S gl ol
Sbusly 4 bg o Gl i 3 o satay 5 Ol ee
g oS e gy 53 el a8 S 513 eslatal 548
Gl Sl o 5 Cuglis Sal Ko oy S
A ponls e Sl (S ol 5 dase SR
Sla e Rl Al Sl b
A golwas Glaes 3 ol 53 ol Olacns
oosl sdaode B s Sal K s Sen s
S etdied 5 5T oysl w51 law s (Urea Hydrolysis)
daulga . aiL e La(Microorganism) M;kf)l 95
Jls S 5 M I PH o 3T (2515 0l
OF &l s anbe 6&43\:@&..@6j) Sal K
o bal el 4 e Llg 5 AS o s
S L] g Sb i3 8 fal 5 S
04 Al o3 sl p by ol ol b
ShS oS 2l s heg easis
(Microbially Induced Carbonate Precipitation)
Olgea 08l 4 81 [2, 3] Ll 5 g g4
Dlosrge bawyg Dl S ANS aie n SloenleS
Loam g sl Sl danla Ll osd e Ll o
e Sl S Sl e O3 Al 0 al
S Sl sddanrle slge g3lsl 5 Cwpe f3
o Solepslie (70 6] S50 bl {4, 5] Sal
i sl il 9] oSl Liws 5 [8]
B xS S ba o oWk
el dasda s e cwl eyl s

‘.LS& J\.;jjj )\ a)}‘ (“J\ Y &urﬁ@)\j&

\Y“\'\ <92 ;)LN; ‘C‘w JL.«

338 Ol pas (pudige & 22



AR

L Ol g lo = 6,5 coms = polll L

S sl (il sy few jes mnS Sl e
Ol U ol (sla, 558 Dbyl 51 6 1Sl sl

el skl sty S5k

Ly ol

spde Slaoldl gy b oo Szl )
$sde 24, (Finite Element Method (FEM))
S 5 G s el SVlae 8 sl
P P T O o IO [YCI B PN [ -
v colgl Gleesle U cad il iy Vsl
s3de Slarsy LS Jpeme Jilis SVsles
Latalasl ploil oS bl 51 disd o o ksl Je
Sl gl 5l eslinal w38 5 Sl e
035 L84 eSS Il S Olpeas L5 e 2 pdos
5y

5 o polie dale ysaay ST SISl S
sl 4 S B4 g il glages s S
S o, due 5l oledae b s ol
[11] ol sl e3lizasl (Drucker-Prager) (DP) 31
S S 20l b Sl s el e Byl
(S slie 5 4 S L3 S le s shade mlaw
5y S i bl ol K8 ok 5 O s
o Sy S e 1) CGolgaaes oY (S
S el O 5 o wgsledis pl 3 bl e
o3l 5 ke oy anl (Sea plas
Sl ol s e S ol e
53 @yl Slashe g 51 0) IS 4 4 5L
ol o e3lizad Je

Lo ssbwdae b 53 eslizal 3550 O g o 3
Slas 53 (AXISYMmMetric) (s 0, 5,55,
O, sladde Slesliall ool (1, 0, 2) (slal szl
CJLA‘ oAl s L S s s (g
ol 31Ol e il (B gl5) Lo Cgar 5l Jats

ol € g0 S i dnle 4500 K srlians
ale 303 S 5 55 Lo 0 by eddgslen
Oloww) Kol Kivs LWl Oy Jan 5 0l g3l
LS (55 gmean Shla3l plnil b 15 (0505
Aol b Gl ke 5 sse anslie el 2S5
Sy S So3 Gl Glesd Gromer 5 O sreliion
b i gor S St D503 3 30
23S Seeen O geoliian cilie glaOL ) o

o Al S A (St a5
Gogos Cooglie 355 0 CuSE s 25 SN0
L gos uaglan 5 ol o ¥ s g0 éla.wf" NN S ey
Sl & lasd (SO 5am hooa eddssle
S, 4 e Bl L LI el aule &
Do Bim S Vs pase eddgilan auls
Cuoslie a5 55 e edalie 5 Cdlys ) oy S
Sls 505 K 93 4 S (S 2

(S e lp () Sl
ui-.’.L"’)'T olos s VB'L;‘ Sy olde o L;‘:ik"ﬂ
Oso3l by 5 A Gledle b g S
LSS5 (Plate Load Test) (glasivw (551380

ol @ S3S IE s 20 P g e

de)du 6‘? O ...;“ Q)),.,p)) 45 MJ& QL;.’ ;.,«.L>r.!““ 3

il GRS 0 0 g S (S5 e
Byed 555 2 6300 3ladde o o Ll
oy o e 0 SSslse S ekdilew
O Dk (S5 o 3 el 48,5 2 50
© e S5 len Bl s L8 B S
Sl Pl lagsss 2o G S 3l slat
KL S Slesliall Gl 3 AL e
S ot sddgilen glls S L
Sl Slesliddl (Y4 ke hes
53 el ol plal (305 (55ledde ABAQUSE.11

S Glp S olea g Ges eldgslew
el w8 S5 oLl e b SL gl

952 Ol kige & 50

AT s 8ot el Jo



ol s 32 (SN aw ot el jlens sliils ST s (sl e

ARA

‘;‘J’.’. _)f\,)b )L.:).A r.:.L.J CU f 4\.]9.0‘) g)'il DL
5 s SBhol 4l 4 co ja K sa gla lyl
sla s ol sl | ..Ulsu.f;....fél;'- S s

b,

2

L;.k:.:;:él.,é_é):jf\ﬁ—}fl):d.uwck.ﬂ Y K

Sl sdalie LB (V) S5 3 &S pbolen
sy Sy 53 Sl = S Jhe  SeS -
g Al gt

Sy SaVl Oson wlas 1 F <0 S
2 S Ll

Saedly = xS poty pllas 1= 0 S
(ST = 8155 lae) 58 ial gl

53 esletul 5 40 dt.a.a Slascin (V) i s
b 5 (o5l 3 5 S5 ilige e oS3
le & by e a5 ol ool sy (WTAY) o
ol el 5 SP) coleSs saails L wlsp,
sde  0) Sdhwr bl Jsdr ol
5 (0) S ol SWhsl Ll (B) ez
DTt o () O gl sy o 2

V0 plad boglopls v S Jols (5,180
O AL st D) yoay 45 LSk e e Sl
o 2 abide Yo Ol Sde 3 5 e YO
b dlesl p 58 133 5 o Jlasl Jobo 4 (25 il
Sl sl Sl el G @ i ey £

e P e N

(_ﬂﬁ o Jdhe ol s s e e soledde SISO
5 b B i s Hlas ol Sl
oot 5 Slopls maw K G pRanw S
S ol iy oY 8 e dlesl C2 S
0P R Slopls S L 5t Kol il sl
el Qb 1 e O35 Glopls (23 ol 0l
e 31 o3l 5 el Dl OLE el
s el aile S | el Slamie
Jebs BB Osle la) e ot SeSa files

il s

slalyial Dl (i ) Js

Sl @bl bl a5l 5L Gaas ol o
RELISTIN A B (RGO IO s Y e PO P P
S A S e i e el
Yoo kb o4 lnls pr a il mhe S
sl JSl LS OV T 25 5 sl e e Sl

Sy szl a1, (iledde pl o
el o 4 § s (51, - S1hs Jae) S
o5 sl Lils 4 glih Hlae cwslis
Caoslio O ill bos 5yl Siew odiS) goams
=S de s cplply Al R 8 Hllas
b S 55 ek piisn O pon pllas ki, S,
S A L ST = Sl Sl ol e
b e () Aty Gollae SOkl o008 HLEE S

f=J3, -l -K=0 ()

\Y“\'\ <92 ;)LN; ‘C‘w JL.«

338 Ol pas (pudige & 22



VY

L OLge b = 0,2 o — pollid b5

S 4 ol St dgow G5 Olkes
oL ol s Gy el 5 S ol Gl
5 ke YO Blas L L slelpal laais
s oo 3 YUY ol e Jsb s
LY Sl Ogte a sl s Wk ped (s3lueslal
02 bagas 0,55 e 3l Sk 1) 2K
osls S5 A e e V0 0T sy 5 (GoF oK
Gladans D 0T w oS i Sloslinall anls purw LS
bl O 53 35 0l Juate e Bl T Jsb 4,
Sl gl 5 A WY SO b Ll s s
Als 0T GV 5 wsed D a3 S e
ol ake 00 lBa (g ) (S
D3 Ggoedd sl O by 3 Wsbme iy
SYL O35 4 Sl s g by gl .03 S
S 1 plil s ol S ol S JEe O s
LE 5 T Jesa Sk dolos (So)0T 51 Yy
DAE ugme 31 G 355 O 3l il s

AR FYCIPRCR RPN

sl 5 mbs

I o3 (SAY e KL B0 cnlds s
Yool e giloa lages 53 Sty
(0) St 53 5 b s n Al £ 6 L
Yo Ges 53 3 Ol ge Lo sed ol 5o el odd 1)
S5 s Shoon eddilen ol i 5l e Sl
w3l e el 0.051 Ly 5 i ki
oot S JMae e Bl YO Gas Sl oS pl 4
Olpsar Goo onl onlply b (Bl 2ol 53l

Ssdge 4 S b ys gilea dugs Goes

Uy o o 3l o G| iles L35 Jlada ST
() o DIY] 2,8 15 abis Slen g5, s als
Jlasl s () JSS 5 s b 38 S5
Ll i s e 0L iless oy 2 L @IS
136 Je (6! 48 ol 0s Jlael (gl S 0 55,0
Ol @3B (glisly 5o L 5 AaL @3l g2 S

AL andls s gy glralr

Sbt ook, dde gl gzl Y Jd

S olasin
e E C . ] .
(MPa) (kPa) | @
ol 51 3 I \ v Oy
il ) da ars. §00 &Y | oy
O G
Al
s Db mis S T I
600
500
400
‘% 300
g
= 200
100
(1]
(] 0.005 0.01 0.015 0.02 0.025
(ms)olal

GG Jlasl b0 £ IS

533 Ol pee (plige &0

AT s 8ot el Jo



oy st 03 S Aot ol ilaas slils S gade (sl o AR

30.972E-03
21.074E-03
11.176E-03
1.277E-03
-8.621E-03
-18.519E-03
-28.418E-03
-38.316E-03
-48.214E-03
-58.112E-03
-68.011E-03
-77.909E-03
-87.807E-03

Settelment (cm)

0 0.005 0.01 0.015 0.02

e Improvement Depth =20 cm
e [nprovement Depth =25 cm
ey Improvement Depth cm
——]mprovement Depth =35 cm
e Improvement Depth =40 cm

Loading Time (s)

Solwas 5l 3w Gos 53 S ey IS s 1 S

caliies glaGes 3 (L IIELL Cote s caniS Alie 0 G

S Ghaon edd olea S

0.000E+00
-11.120E-06
-22.240E-06
-33.360E-06
-44.480E-06
-55.600E-06
-66.720E-06
-77.840E-06
-88.960E-06
-100.080E-06
-111.200E-06
-122.320E-06
-133.440E-06

5 A 5o 3 S S e Alae
Sl ol )y

Cwnts glajlased 5 (V) 5 (V) sbe S5 4 4 5L

S et A s 1 el s (s3ledde Sl el

» s ROt (S ol & s 015

Goop U bl cal anils S s [ialS

.M}da QL:«Y b v L'ﬁéuﬂ‘)‘éﬁ

Gl 3y g Goe 3 S g IS0 i VIS

S0 S cnlis (A) K8 Sls el 4 a5t
)‘ J.ta J\.&b& J:.AL;UL.-: V,O C“""""'.‘.“ J‘ Ja:% d)‘ﬁ)b

S 03 Sl () IS s sed 3 Cos

GNP WIUIR L P ESIR LG F

Settelment (cm)
[s] -0.005 -0.01 -0.015 -0.02
o
o5 [
_
E | o
=] [ ]
=3 L]
= L
15 | .
L J
L J
2

Solets 5l dam S e Gas 53 G Jlagad A IS

At 92 ;)Lo.i ‘(’ld"’ JL«

93 Olas (prdige &y 20



L Ol g lo = 6,5 coms = polll L

0 -2

Seﬂelmgnt (cm)

-8

NN

Gsloa 31 S S iy Ges ps Cendd Slsses 4 IS

Jdo Sloslizall 800 S0 5 kil
ROURIPEER SR S U W BV S WO
Gl ot &1 (V) Jsdr 55 oS lals, Sleslizall
3y s GOMELL e 1SS sluas

SenS i) 3 (9350 gL 1S nslis
Tl S ekiigilea 5 eddigileay Sl 5 s
Siboa 313 Gl sl sl e s &Y
Sl 53 5 101%10° _SisernS Aisd 3508 2 S
ool ozt 9641 * 100 5 S ol gslew Sl A
(1) Jsde 53 okl gladde 5 oslizad ool
O0) o Glae IS0 Sl LSS slis
ad 155 odel sy palie 4 ar gl il
g5 bl lew Sl 5 B8 SenlS
Oeomen ool wBl eSSk gla S5k
GO slas (8L ol 2 Dlas 4 s
S 5o el cal a8 b e SRl (Sl Sl
Jl S5 3w amslir ol sdalin LG (10)
Slosliall A2l jadie g3ley, S oAb J
L e &Y e Olg e odal Cowsw ol SO
s aed 3550 Saals ol Bliess

G Y (ol Sloslizall IS 5ba
Sl i (Gl S e (S5 am Jiasa
pyhe oS SALE fely amzys 5 el

Sloalizally (5,185 Slms 1S5 sAns uetd
0434151 slad g b Lasly
sers ol kel e e iOlanl glas, s
(S S5 dae () sl dde ol oyl
ol o3 Gl S5 d (£ )lIS Sl Ju (o
Sl sl el addllae () Jbe L Slllas
5 Sl o3l Gl ol S5l dsy o sl (D)
53 S 5 bl e il e S s
33 35 gl LSS e LY Sl bt
O U P B () G G
23 Sl i @5 gl IS0 i sl e (5L
[18] el o3 ol o) 1,5 ey iy
s 5o edladlyl Laly ) Sleslinall ol o
Asphalt ) [ sl dwio 4 by e oS (V)
5 ooly Sld=s S e sylsl ¢ (Shell) L& ¢ (Institute
U.K. Transportation & Road ) Okl gl 5
Belgian Road Research ) 3k R.al.'.&:.ﬂ s (Research
AY e GOISSL Sl LSS slaas (ool (Center
Jde Ly, ol ele ol sdd abe S
GBS s L oless e o @SS
S 1A ol e s sdoee Yl (65 (62) (soLid
JSe s s sl 5l Cnles Gids oS il
S Ul il e B s Sl
2,8 o 0l Slas Ly, cpl D3 (€2) (g3 5ee (gL

952 Ol kige & 50

AT s 8ot el Jo



oy e g3 Sidse S odd (Giluas slils S gade (sl o AR

(V447 Kl 5 KL 8L sl H1 ST slias e Jails, ¥ Jsd

Sl s L2l g,

LS)'-K)\e Slme LISS

cMéAj\)\

1.365x10° (5,47

SN [T - W %

6.15x107 (s,)* Jo e ze
6.18x10° (5,)3% LSl (6l 5 5 oy Slidos 5 e
3.05x10° (g,)*% Sk Al
1.00E+08
1.00E+07
4 1.00e+06
1.00E+05
":’
} 1.00E+04
=
2 1.00E+03
)
g 1.00E+02
1.00E+01
1.00E+00 " "
. elgian
Asp_halt Shell Transport Road
Institute .
ation Reasearch
W owT e 3.90E+07 7.12E+07 4.02E+07 2.01E+07
w08 3.52E+04 5.91E+04 4.21E+04 3.28E+04

St 5l 5 3 (S0 Sl 1SS sl fslie Ve IS

Sl Gl Slp S5 Gee G 4 il
s g ol Sl g3loas sl 20 Bl YO Gae
4 Ges ol 5l A OISLL S e 25 03 e St
Slaa a5l 6,5 sl sl 5 A ol i S
olows Goo3 4 3L (S35 olear 5o Bl
T - LI Fge
ol GV g nddsd e slal glass
Rl o Sen Spon 5 ol oL SL J ke
AT Gl 53 S 0 35k LS p s
o sdalive slals oSl 3 b SU Jploes 358
Lo« L Sbee LSS sl V0] ol
S Jel @) soses S i ISl
S 2 3 el e gy eld Jlesl (g lISL

Tend
250 Sobeay Sl S ey e S ClliS Ol
Vo (Y Gas b oang Jle 53) SLL S
RO 0 Sl S Sl e 5 AL e e L
“ ey Slask S a5 el ¢ o5 xS
)J J:’}) U'L‘ QT’.‘J"L‘" C,.w\ ol J.LJ.\J &_<~.-'ML&
SEle ol s Gl G glals glasS
5l JES Wl cab L oSk
bowd kb 5 o Kl Sl a8 ioan
Ges &Sepl 4 a5k 5,8 5 eslizals ) g BHP
oo Db Sop plie 3 oL SL Jee Gy
AL ui.o.ﬁ 5SS s gilua Ges U

\Y"\‘\ 92 ;‘)Lo.@ ‘("J’" JL«

33 Olpes (pudige &,



VY

L Ol g lo = 6,5 coms = polll L

oy e w3l la A5 i Cel sddgslen
Al Jeos | g eS Gl A5 cl sl (g5l
il S5, S5 hYs 5l S eaer S
S dses o e SSsds sl LSS
o s 5 2 (68 e DMinl (Ss, 2 S

Ll e il 5l Il

6\.&4.&[4%] j@l}) BE o.l.\;'ud)l.wd.: E) bJu.:é)Lw‘b
ol a8 s e Ol el sk s 0SSl IS e
Al 5 b e SRl R Ve gl Sl e s
Sl il o ol (Giloay jien o a5 LB 15
S5 sl (g5l s G35 jes 05551 Cewddy
A yasie L 5l b Jol e
Golwas Sleslanall Jo aule 51 aend B

aglle

1. Wiffin, V. V., "Microbial Carbonate Precipitation as a Soil Improvement Technique",

Geomicrobiology Journal, 24, PP. 417-423, (2007).

Ben Chekroun, K., Gonzalez-Mufioz, M.T.,

Myxococcus  Xanthus-Induced — Carbonate

Biomineralization”, Applied And Environmental Microbiology, 69(4), PP. 2182-2193, (2003).

Castanier, S., "Bacterial Role in Precipitation of Carbonate Minerals”, Microbial Sediments, PP. 32 -

2. Erlich, H. L., "Geomicrobiology", Marcel Dekker. Inc., New York, (1981).
3. Erlich, H. L, "Geomicrobiology", Marcel Dekker. Inc., New York, (1996).
4. Rodriguez-Navarro, C., Rodriguez-Gallego, M.,

"Conservation ~Of  Ornamental  Stone
5.

39, (2000).
6.

3032, (2008).

Fujita, Y.T., "Stimulation of Microbial Urea Hydrolysis In Groundwater To", Sci. Technol, PP. 3025-

7. Grant Ferris, F., "Calcite Precipitation and Trace Metal Partitionning in Groundwater And The

Vadose Zone: Remediation Of Strontium-90 And Other Divalent Metals And Radionuclides In Arid

Western Environments”, USDOE Office of Environmental Management, Technical Report,

University Of Toronto, (2003).

8. Ramachandran Sk., Ramakrishnan. V., "Remediation of Concrete Using Microorganisms"”, Aci Mat,

pp. 3-9, (2001).

9. Hammes, F., "Calcium Removal from Industrial Wastewater by Bio—Catalytic CaCO3

Precipitation”, Journal of Chemical Technology and Biotechnology, Vol. 78, 6, PP. 670-677, (2003).

Ol mas g LBl i I8 LlOLL w55 5 O spnlivn dw say glails slaS SO Slis snst (6 5luan ez

Y80 S 0 0l Aoy Dl 33T K13 (o ponikign 5013 (ST 455)

11. Lacey, G., Thenoux, G., and RodriguezRoa, F., "Three-Dimensional Imensional Finite Element

Model for Flexible Pavement Analyses Based on Field Modulus Measurements”, The Arabian

Journal for Science and Engineering, Vol. 33, No. 1B, (2007)

593 Olas gudige & 25

AT s 8ot el Jo


http://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez-Gallego%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ben%20Chekroun%20K%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gonzalez-Mu%26%23x000f1%3Boz%20MT%5Bauth%5D
http://www.osti.gov/scitech/search/author/%22F.%20Grant%20Ferris%22

oy st 03 S Aot ol ilaas slils S gade (sl o A

T Ul ddes YT & Ol glaely Dlanl (g3lus, Wbl oo e Cnls S5 (63,0, Coslee Y
($3lwss 3w o Jyb a5 pyillanl (53lusy &V0Le otS b T o LSl sl g e Sl e (B AT
OYAV) (gl Ol g oKiils Ol s wtige o 3 XS aosler
14. Huang, Y. H., "Pavement Analysis & Design", Englewood Cliffs, N.J, Prentice Hall, New Jersey,
(1993).

YA s 65l ol Jl 33 P Ol s (i 55



Journal of Ferdowsi civil Engineering, Vol. 30, No. 2, 2018.

Modified Electrical Conductivity Test
Method for Evaluation of Concrete
Permeability

A. Pilvar™® A A. Ramezanianpour?

H. Rajaie ®

1-Introduction

It is widely known that the deterioration of concrete
due to corrosion of reinforcement is one of the most
significant durability problems that the construction
industry is concerned with. Considering the
importance of the chloride ion penetration mechanism,
different types of tests have been employed up until
now to measure the resistance of different types of
concrete against chloride.

The electrical conductivity property of concrete
was one of the properties of concrete that could be
used to assess the ability of concrete against the
penetration of chloride ions. The electrical properties
of cement-based materials have been investigated for
nearly a century. Theoretical and experimental studies
indicated that there is a relationship between the
electrical conductivity and the permeability of
concrete. The electrical conductivity of concrete is the
expression of the mobility of ions - containing
chloride ions - in pore solution of the the concrete.
Hence, it was expected that there was a logical relation
between electrical conductivity and permeability of
the concrete.

However, there were limitations in the relationship
between the conductivity and the permeability of
concrete. Conductivity of the concrete samples
depends on both properties of the capillary pore
structure and the pore solution conductivity. However,
by saturating the concrete specimens with highly
conductive solution, the variability of pore solution
becomes much less significant.

In this contribution, based on fundamental
electrochemical principles, a modification on
electrical conductivity test is proposed. The results of
this test are independent of the pore solution
conductivity of the concrete. This paper deals with the
electrochemical principles that led to the development
of the modification on electrical conductivity test. It
also describes the test method.

2. Test method

The apparatus are the same as described in Test
Method ASTM C1760. They consist of two 250 ml
cells, contiguous to a central part, which contain the
concrete sample. Both cells are tied to the central

section, thus they compress the silicone rubber collar
and clamp the sample. Each cell contains a 5 M NaCl
solution. A potential difference of 10 volts is applied
for passing a direct current through the sample via the
stainless steel anode and cathode. A data logger reads
the flowing current accurately.

The apparatus is designed for concrete or mortar
samples of 100 mm diameter and 25 mm thickness.
Typically, the samples are sliced from cast cylinders
or drilled cores. Samples are kept in the oven at 50°C
for 7 days for being dried. After that, they are vacuum
dried for 3 hours, then they are saturated in vacuum in
a 5 M NaCl solution for 2 hours, and they are left to
soak in the solution for an additional 18 hours.

After setting up the cells, the circuit is arranged
and the current is measured for 1 min after the voltage
(10 V) is first applied. This current is recorded as the
output of the experiment. For calculating the
conductivity of each sample using the applied
potential difference, the current is measured and the
dimensions of the sample, equation 1 have been used.

o=t b @
VoA

where o is the conductivity of the sample [mS/cm], i
is the electric current [mA], V is the potential
difference [V], t is the thickness of the sample [cm],
and A is the cross sectional area of the sample [cm?].

3. Experimental programs

In order to examine the performance of the instrument
built for measuring the permeability of concrete
against chloride ions, 20 different concrete mixtures
were used, including ordinary concrete, concrete
containing silica fume and concrete containing
calcined perlite powder. The summary of mixture
proportions are shown in Table 1.

ASTM C150 type | Portland cement was used in
all the concrete mixtures. Two pozzolans used in this
work, were silica fume (SF) and calcined perlite
powder (CPP).

For all mixed designs, coarse aggregates were
crushed calcareous stone with the maximum size of 19
mm and fine aggregates were natural sand. Potable
water was used for casting and curing all concrete
specimens. Also, the Polycarboxylate Ether (PCE)
based on superplasticizer was employed to achieve
relatively constant workability.

4. Results and discussion

In addition to the method developed in this study,
which is hereafter referred to as the MBCT (Modified
Bulk Conductivity Test), two standard test methods

* Corresponding Author, Ph.D., Department of Civil Engineering, Toos University, Mashhad, Iran.

Email: amir63p@aut.ac.ir

2 Ph.D., Department of Civil & Environmental Engineering, Amirkabir University of Technology, Tehran, Iran
3 Ph.D., Concrete Technology and Durability Research Center (CTDRc), Amirkabir University of Technology,

Tehran, Iran.
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RCPT (ASTM, 2012a) and bulk conductivity (BCT)
(ASTM, 2012b), have also been applied to all of the
samples. The average of three test results is used to
minimize the discrepancy of the results. The results
are shown in Table 2.

Table 1. Mix proportion of concretes
Supplementary

No. Mix (Ii'gr}(i% wib Material
Type Percentage
1 SF404500 400 0.45 SF 0
2 SF403500 400 0.35 SF 0
3 SF354500 350 0.45 SF 0
4 SF353500 350 0.35 SF 0
5 SF404507 400 0.45 SF 75
6 SF403507 400 0.35 SF 75
7 SF354507 350 0.45 SF 75
8 SF353507 350 0.35 SF 75
9  SF404515 400 045 SF 15
10  SF403515 400 035 SF 15
11 SF354515 350 045 SF 15
12 SF353515 350 035 SF 15
13 Pe304500 300 0.45 CPP 0
14 Pe304510 300 0.45 CPP 10
15  Pe304520 300 0.45 CPP 20
16 Pe304530 300 0.45 CPP 30
17 Pe303500 300 0.35 CPP 0
18  Pe303510 300 0.35 CPP 10
19  Pe303520 300 0.35 CPP 20
20  Pe303530 300 0.35 CPP 30

As it is shown in Table 2, at constant water to
binder ratio and cement content, replacing cement
with silica fume will remarkably decrease the total
passed charge in RCPT and the conductivity of
concrete samples. These can be justified by noting that
pozzolanic reactions proliferate the tortuosity in the
structure of capillary pores and further condenses the
pore structure. Furthermore, as the concentration of
OH- ions diminishes in most of these reactions, the
conductivity of the pore solution diminishes
substantially. As a result of these two phenomena, as
well as dilution, the conductivity of concrete
substantially decreases.

However, the issue relating to reduction in
conductivity has been moderated in the MBCT
method. This can be ascribed to the saturation of the
samples with 5 M NaCl solutions and the uniformity
of the pore solutions conductivity of the different
concrete samples. Therefore, it can be argued that this
method is less sensitive towards the variations in the
pore solution conductivity in different concretes.

Replacing cement with CPP of different levels
leads to a decrease in the RCPT and bulk conductivity

up to half at the age of 28 days. Probably, the dilution
effect and pozzolanic reactions are the main reasons.
Furthermore, at the age of 91 days, this reduction is
more sharply to less than one fifth in comparison with
the control mixtures. It seems that, in addition to the
dilution effect, the main reason of this great reduction
is the pozzolanic reaction which can result in the
reduction of the conductivity of the pore solution.

Table 2: Tests results

BCT RCPT MBCT

No. Mix 2émS/cmg1 é;olumbgsi 2gng/crr(;)1
days days days days days days
1  SF404500 0.254 0.183 5706 4460 1.09 0.8
2 SF403500 0.172 0.119 3807 2556 0.72 0.59
3 SF354500 0.218 0.149 4802 3335 0.98 0.82
4  SF353500 0.150 0.088 3158 1944 0.62 043
5  SF404507 0.084 0.047 1918 988 0.61 047
6  SF403507 0.060 0.030 1262 629 040 0.30
7  SF354507 0.083 0.043 1772 958 0.57 044
8 SF353507 0.059 0.027 1243 551 036 0.23
9 SF404515 0.056 0.019 1143 417 050 0.40
10 SF403515 0.041 0.015 796 319 033 027
11  SF354515 0.049 0.018 1062 396 046 0.35
12 SF353515 0.036 0.014 750 294 030 0.19
13 Pe304500 0.303 0.202 6769 5472 157 140
14  Pe304510 0.249 0.121 5796 2618 150 1.20
15 Pe304520 0.207 0.072 4374 1485 131 1.03
16  Pe304530 0.148 0.050 3129 1042 125 081
17 Pe303500 0.179 0.131 3922 3159 1.24 1.09
18  Pe303510 0.162 0.082 3550 2010 1.20 0.95
19  Pe303520 0.141 0.052 3078 1120 1.04 0.83
20 Pe303530 0.125 0.044 2692 810 0.99 0.65

5. Conclusion

Based on the experimental and analytical results, the
following conclusions are drawn:

1. The results of the three tests illustrated that
applying SF and CPP reduces the chloride
permeability of concrete.

2. Due to the consumption of OH" ions that ensue in
the pozzolanic reactions and consequently the
substantial reduction in the conductivity of the
pore solution, the permeability indicator of the
concrete samples incorporating SF and CPP
exhibit a substantial reduction when compared to
control samples for BCT and RCPT methods.

3. For concretes containing SF and CPP, the MBCT
is less sensitive towards the variations in the pore
solution conductivity in comparison with RCPT
and BCT.
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Investigating the Most Important
Physical and Mechanical Properties of
Phosphorus Slag Cement

A. Allahverdit* M. Mahinroosta?

1-Introduction

The development of the cement industry and related
products in the framework of the principles of
sustainable development has been discussed in many
research studies. These principles include saving
natural  resources, saving energy, reducing
environmental pollution, and improving the durability
of the cement and the concrete. The development of
the cement industry in addition to its usefulness to
humankind is also associated with the consumption of
a large amount of resources and energy. Portland
cement production is associated not only with the use
of limestone, clay, thermal and electrical energy, but
also with emission of gases such as carbon dioxide,
sulfur trioxide, and nitrogen oxides into the
atmosphere, causing the greenhouse effect and acid
rain. Therefore, the development of the cement
industry should be bounded by a sustainable
development strategy. When modern concrete
structures are exposed to corrosive environments,
major problems that can eventually lead to early
destruction occur. During the twentieth century, the
carbon dioxide concentration which is one of the
byproducts of the steel and Portland cement factories,
has risen to 50% in the environment. Therefore,
finding suitable materials that can replace cement in
concrete are a promising way to reduce the release of
this gas. These materials should not contaminate the
environment, increase energy consumption and reduce
the durability of structures. This suitable solution can
expand the recycling of industrial solid wastes such as
blast furnace slag, steel slag, phosphorus slag,
chromium slag, copper slag and fly ash as additives to
cement. The purpose of using these industrial solid
wastes as additives to cement is to expand the
consumable resources, save energy and reduce
environmental pollution. It can also reduce production
costs and improve cement durability. In this paper,
phosphorus slag (PHS) is used as a supplementary
cementing material for the preparation of a blended
cement, which is both mechanically and chemically
activated.

2-Experimental Program

In order to prepare test specimens and perform
experiments, first phosphorus slag cement containing
80 wt.% of PHS and 20 wt.% of the Portland cement
based-compound chemical activator were mixed and
were homogenized by mechanical treatment. The
above-mentioned cement mixture was then milled by
a laboratory ball mill to desirable Blaine fineness of
2050, 3030, and 4500 cm?/g. The most important
physical and mechanical properties of phosphorus slag
cement, which are discussed in this paper, are changes
of bulk density in terms of Blaine fineness, initial and
final setting times, water-to-cement ratio, and
compressive strength of mortar specimens at three
Blaine fineness of 2050, 3030, and 4500 cm?/g. Then,
the Blaine fineness of 3030 cm?/g will be selected to
investigate the effect of curing temperature (45, 85,
and 200 °C) on the development of compressive
strength of the mortar specimens.

3-Resutls and discussion

The bulk density of phosphorus slag cement decreased
with increasing the Blaine fineness. This means that
by increasing the fineness, the porosity of the
phosphorus slag cement increases and, as a result, the
bulk density decreases. The decreased initial and final
setting times by increasing the Blaine fineness can be
attributed to the specific surface area and the number
of cement grains in a certain volume of cement paste.
Phosphorus slag cement has a longer final setting time
than type Il Portland cement. The remaining
phosphorus in the form of P,Os in phosphorus slag
may be due to condensate orthophosphates and
phosphates. Orthophosphates are highly soluble and
increase the setting time. The water-to-cement ratios
for PHS cement mortar at Blaine of 2050, 3030 and
4500 cm?/g were 0.36, 0.37 and 0.386 respectively,
and for the pastes they were 0.25, 0.27 and 0.286,
respectively. The water-to-cement ratio is influenced
by the characteristics of PHS slag cement such as
particle size, particle shape and specific surface area.
The 7-, 14-, 28-, 90-, and 180-day compressive
strengths of PHS slag cement mortar at three Blaine
finenesses are given in Fig. 1. As it can be clearly
observed, the compressive strength of PHS cement
mortar increases at a certain aging time (e.g., 7, 14, or
28 days) with increasing the Blaine fineness. This can
be related to the increased reactivity of PHS particles
and their improved filling properties. By increasing
the surface area, the available contact area for the
hydration reactions increases. Also, by increasing the
Blaine fineness which results in smaller particles, the
particles fill the matrix's pore spaces much better than
before. As a result of the effect of these two factors,
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Engineering, Iran University of Science and Technology.
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B>

g\e_:
= H HH] i

E (=) E B A HH

S8 7days 14 28 90 180
® days days days days

Curing time (day)

Fig. 1 Compressive strengths of phosphorus slag
cement mortar at three Blaine finenesses and
various curing times

Also, Fig. 2 depicts the compressive strength results
observed at three curing temperatures of 45, 85, and
200 °C at different ages of curing.
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4-Conclusions

The results showed that the compressive strength
increases with increasing the Blaine fineness. Also,
compressive strength increased in terms of curing
times at three temperatures, with the difference being
that at the two considered temperatures above 45 °C,
the compressive strength at the end of the curing time
was reduced. Water-to-cement ratios of mortar and
paste of phosphorus slag cement at low Blaine
fineness were higher than those at a higher Blaine
fineness. The initial and final setting times of
phosphorus slag cements were longer than those of
type Il Portland cement. In morphological studies, it
was observed that Portlandite crystals that resulted
from the hydration of slag and Portland cement at
different temperatures had different morphologies.

B45°C B85°C

Q

3 days

7 days 11days 57 days

Age of curing (day)

Fig. 2 Compressive strengths of phosphorus slag cement mortar at various curing temperatures
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Effects of Discharges Source Section on
Flow Characteristics of Negatively
Buoyant Effluent
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1-Introduction

Nowadays, the reduction in the cost of water
production in desalination plants around the world is
growing rapidly in number and size and hence the
amount of brine flow increases. The desalination
processes include removing the suspended matter and
the dissolved minerals (mainly salt) from seawater or
brackish water to produce fresh and drinkable water.
It leads to production of a highly concentrated waste
water which essentially discharges into coastal waters
through marine outfalls. The discharging is mainly
done using outfalls which are designed as submerged
and surface structures. The majority of the studies in
the past have focused on the surface discharge of
positive buoyant flow that have different flow
characteristics compared to those of dense surface
discharges. Most of these studies focused on the
determination of key flow characteristics in stagnant
waters. Regardless of the importance of the effect of
the geometry of the source, no study has been reported
in the literature. The analysis of buoyant surface jets
can be separated into the near-field and far-field
regions. The near-field region is where the mixing is
strongly dependent on the discharge conditions. It is
the only region of the mixing region that can be
controlled by the design engineer. Jones et al. (1996)
reported that the discharge flow characteristics within
the near-field in stagnant ambient can be determined
by eight variables such as the Initial Volume (Q, =
Uy.Ap), Momentum (M, = Q,.U,), Buoyancy Fluxes

By =Qo.go ., Where g, = (Apo/pa)_g is initial
reduced gravity term, g is acceleration, (UQ) is
discharge velocity, (AQ) is discharge channel section
and the width and depth is (hg, by), the ambient
velocity s (u,), the distance along trajectory is (X),
and the ambient water depth is (H). Using dimensional
analysis, flow geometrical and mixing properties can
be linked to the discharge feature and initial flow
fluxes. Thus, the discharge length scale (Ly) and jet to
plume length scale (L) were used to describe the
properties of buoyant jet flows. L, describes the
region where discharge channel geometry extremely

influences the flow properties. L, represents the
location where the transfer from momentum-
dominated region (jet-like behavior) to the buoyancy-
dominated region (plume-like behavior) happens into
unstratified stagnant ambient. The ratio of these two
length scales is expressed as the densimetric Froude

number (Fr, = 24 = —20_ Really, in this study the

effect of channel geometry, the rectangular and
trapezoidal section, on surface dense flow the
characteristics were experimentally investigated.
Dense flow behavior was reported for Densimetric
Froude number less than twenty. So, the self-similarity
property of flow is not established in these
experiments.

2. Experimental method

The experiments were conducted in the Hydro-
environmental research laboratory at Iran University
of Science and Technology (IUST) by discharging a
continuous flow of brine into a glass-walled tank with
a length of 6.00 m, the width of 1.80 m, and the depth
of 1.5, filled with fresh water. The surface discharges
were two steel channel with rectangular and
trapezoidal sections, 10 cm width for both where
depths varied from 0.66 to 2.4 cm for rectangular
channel and varied from 0.8-2.3 cm, for trapezoidal
section with side slope equal to Z=1.5. Discharge
densimetric Froude numbers (Fry; = —2=) in the

gO.Aé/2

range of 1.7 -4.93 were used with the channel
Reynolds numbers (Re = UOTh" where v is kinematic
viscosity) in the range of Re > 500. Brine density
has been changed within the range of 1.01-1.053 %

for the salinities of 22.2-73.4 ppt and temperatures in
the range of 20 to 24C°.

In this paper a new simple non-intrusive optical
technique was used to define flow properties. The
experiments were conducted in a dark room in front of
a uniform light source of fluorescent lamps by the
frequency of 50 HZ. 35 frames were captured for each
second by a camcorder, extracted then for pre and post
processing. The image stream Ver. 7.0 software was
used to obtain the average image to determine the light
intensity of each pixel. The IrfanView software was
also utilized to convert the average colorful picture of
the experiment into inverted gray scale images in
which the light intensity of each pixel ranges from 0
to 255 with minimum for pure white and maximum of
pure black. For image processing, the light intensity
for each pixel of the averaged-gray scaled image was
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analyzed using the codes developed by the MATLAB
software.

3. RESULTS
The results of a comprehensive experimental study on
the impact of the outfall source shape on the flow
characteristics in surface discharge of negatively
buoyant effluent in stagnant water were done on two
sections of rectangular and trapezoidal shapes.
The data collected from each experiment were
processed to obtain the trajectory centerline
maximum. In each of the sections with increase in the
densimetric  Froude number (Fry), horizontal
advancing (X) along the jet trajectory increases. One
major difference in the trajectories of the trapezoidal
section, if compared to rectangular section (with
similar kinematic and buoyancy characteristics), is
that the horizontal progression and trajectory are
longer for the trapezoidal section (Figure 1). This
means that a trapezoid section travels longer
horizontal distances ( x ) than a rectangular section,
[
to reach a certain elevation ( z )..
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Figure. 1: Experimental result of surface discharge of
dense buoyant jet, (a) rectangular section, (b)
trapezoidal section

In this study, the jet width is determined as the
distance from the jet centerline where the intensity
value is 1/e of the maximum intensity value, thus

10,) = 1

In jet like regions for both sections, the trend of
changes in flow width was overlapping in all profiles

and varies linearly with a steep slope. In plume like
regions, the slope against the jet like region has
nonlinear trend and its slope is less than the jet region
(Figure. 2).
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Figure 2: Flow width variation of surface discharge in
negatively buoyant waste water downward the bed (Z-
axis) (a) rectangular section, (b) trapezoidal section]

In this study, in order to study the profiles of flow
concentration in different directions, the intensity of
black light was extracted in different transverse
sections perpendicular to the central line of the current
for both rectangular and trapezoidal sections.

4. Conclusion

In this research, the source geometry effect on surface
discharge of negatively buyout effluents from
discharging channel were studied and the effective
dimensionless parameters were investigated; and flow
pattern, concentration profiles, change width and flow
trajectory were scrutinized. The results indicated that
trapezoidal sections were performed better than
rectangular sections for Fr<20. The result of flow
behavior in these sections indicates that despite similar
behavioral  pattern, geometric and  mixing
characteristics of trapezoid are better than those of a
rectangular section.
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The Effect of Upstream Overhang on
Debris Blocking and Discharge Capacity
of Piano Key Weirs
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1-Introduction

The capacity of an existing spillway can be increased
by lengthening the spillway crest, or increasing the
discharge coefficient or operating head, or any
combination of these approaches. Labyrinth weirs are
an effective hydraulic structure with the longest
spillway crest. The Piano Key Weir (PKW) is a further
develop type of nonlinear (labyrinth-type). This weir
(PKW) is designed for free-surface flow control. The
PK weir type can be divided into four groups
according to the presence or absence of overhangs. In
PKW type A, the upstream and downstream
overhangs exist, and if PK weir is without
downstream, upstream or both overhangs, it is B, C
and D, respectively.

The PK Weir structure has a small effect on the
structure of the dam, gate and other dam components,
and also, in a constant head, the likelihood of blockage
caused by floating debris in a PKW is less than the
Labyrinth weirs. The floating debris can include
branches and leaves of trees. Flooding in relatively dry
areas can carry dried up branches and, in more critical
conditions, cause land erosion or erosion of the banks
of the river and the entry of trees into the river. The
collection of floating woody debris in flow control
structures, such as weirs, can lead to the reduction of
the open flow area for water passage, and
consequently reduced discharge capacity and safety.
Woody debris, often combined with urban waste, can
cause serious problems for hydraulic structures such
as weirs, bridge decks or bridge piers.

In this study, the discharge capacity was
investigated through 5 different geometries of the weir
with different ratio length of overhanging and also the
probability of woody debris collection using five
models of wood and the location of the critical zone
for obstructing the debris in the said weir were studied.

2- Dimensional analysis

One of the challenges associated with PK weir design
is the large number of geometric parameters that affect
discharge capacity (Fig. 1). The general function of
the parameters effective to PKW discharge capacity
can be expressed as shown in Eq.1:

f(P, W, W;, Wy, By,, B, B;, By, Ts, D, Lg, H,Q, p, 1, 0,8, 10) =

0
1)
In Eq. (1), the height of PK-Weir P, total width of
PK-Weir W, inlet key width W;, outlet key width W,,
length of PKW B, PK weir footprint length B,
upstream (outlet key) overhang lengths B,
downstream (inlet key) overhang lengths B;, weir wall
thickness Ts, upstream hydraulic head H, flow
discharge Q, diameter of debris D, length of debris Ly,
the dynamic viscosity p, density p, surface tension o,
acceleration of gravity g, and likelihood of blockage
w. Using the dimensional analysis method, relation (2)
is introduced as the final equation.

Fig. 1. Fundamental parameters on PKW

3- Model Specifications

The PKW models used in this study were made of glass
with 4mm thickness, and also their width of the inlet and
outlet keys is 15 and 10 cm, respectively. In Table 1, other
geometric parameters of the studied models are
mentioned.

Table. 1 parameters of PKW geometry

SVTbO PKW | PKWo. | PK | PKW12 | PKWL
model 0 5 W 5 5
B/Bo | O 05 1 | 125 15
LW | 422 | 4690 | 516 | 539 | 562
P 25 25 | 25 25 25
B 30 30 | 30 30 30

For investigating the probability of woody debris
collection using two model wood trunks and
rootstocks, respectively (Fig. 2).
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Fig.2. model debris including, trunks (from 1 to 4)
and rootstocks (5)

In this study, at various discharge conditions, 20 to 33
trunks and rootstocks with every size class were added
randomly at the flume in at least 2 m upstream of the PKW.
At each stage of the experiment after blockage, the
samples on the weir were held for a while to ensure that
the blocked debris do not move to the other weir, and then
these were removed and counted.

4- Finite Element Analysis

In this research study, by using PKW models,
laboratory and debris, the discharge capacity,
probability of collection and most probable location
have been investigated. As it is seen in Fig. 4, the
PKW 5 and PKW1 25 produced 15% and 10.5% higher
discharge efficiency (higher Cd values) than the other
PKW models. In a general conclusion, it can be said
that the flow rate and the discharge coefficient of the
PKW15 model are better than the other models.
Upstream overhang geometry existence and its rise
length increase the inlet flow area, and result in a
reduction of inlet velocities, flow contraction, and
energy loss.

0.7
0.6 [ §
0.4 ‘
Cd X
2

03 PKWo e

0.2 PKW15

0.1

0

PKWo.sm

PKWa1.25 <

PKW x

0 0.05 0.1 0.15

H/P
Fig.4. Cd vs. Ht /P Data for 5 ration upstream-to-
downstream overhang

For investigating the blockage in these weirs, the
likelihood of collection (x) has been used. Here, IT is
equal to the ratio of trapped elements to the number of
supplied elements. Eqgs. 1 and 2 have been proposed

for determining the blocking probability of debris in
two trunks and rootstocks conditions.

P=-0919 (g)z +2.26 (g) — 0.409
3)
R? = 0.822 02 < g <13

P = 3.455 (g) —0.547

(4)
RZ=0912 0.16 < % < 0.44

In the above equations for the least and the most
values, the blocking probability is 1 and 0, respectively.

Fig.3. A view of blockage the rootstock in PKW

5- Conclusions
Based on the experimental and analytical results, the
following conclusions are drawn:

1- The existence of upstream overhang in the
weir structure, in addition to preventing the
decreased flow of the weir, also causes
increases in the discharge capacity of PKW.

2-  The probability of blocking, in addition to the
type of debris (trunk and rootstock), has a direct
relationship with the diameter and length of the
debris. However, the results of this study indicate
that the diameter of debris relative to its length is
an effective parameter on the obstruction.

3-  Themost likely location for blockage is different
based on the water depth on the weir, the
diameter of debris and their type. However, the
exit key section is the most critical point in terms
of obstruction and most of the debris are blocked
in this section.



Journal of Ferdowsi civil Engineering, Vol. 30, No. 2, 2018.

Investigation of Operation of Link Beam
Length in Nonlinear Dynamic Analysis of
Steel Plate Shear Walls with Coupling
with Rigid Joint

M. Gholhaki* M. B. Ghadaksaz?**

1. Introduction

Steel Plate Shear Wall (SPSW) has been used as a
resisting system against the lateral loads in the
construction of new buildings and strengthening the
existing buildings (especially in high-rise buildings)
within the four recent decades in North America,
Canada and Japan. This system has an appropriate
stiffness for controlling the structural deformation and
because of its ductile failure mechanism, the energy
dissipation is high. Due to architectural
considerations, the SPSW system is typically located
around the core and two SPSW systems get together
partly because of the openings in the core. On the other
hand, given that the American Regulation has limited
the steel shear wall ratios to number 2.5, designers use
a simple span beside two SPSWs, similarly, these two
walls are connected by a link beam at each floor level.

2. Analysis and modelling of structural assumptions
Nine Coupled Steel Plate Shear Wall frames with a
thin plate of rigid connection each with seven spans
and different length of link beam, were modeled by
using tape model in which the plan geometry used in
the present research was based on the plan of the
square.

In these samples, the width of the shear panels was
2.5 meters and their length varied from 1.25, 2.5 to
3.75 meters and the width of the side spans was 6
meters on each side. The frames assumed in the three
buildings were 3, 10 and 15 floors with the height of
3 meter. Loading of samples was in accordance with
the ASCE. The intensity of live and dead loads of
floors and roof was considered to be 600, 500, 200 and
150 kg/m?, respectively, and lateral force distribution
of the building was done based on Iranian Earthquake
Standard 2800 assuming terrain type 3 and based
acceleration scheme of 0.35. in modeling steel ST37
with Poisson's ratio of 0.3 and elasticity modulus of
210 GPa was used.

3. Model verification and calibration

To calibrate finite element models of a thin plate three-
story SPSW which has been tested in 2007 by Gholhaki
was used. The mentioned wall had rigid connections in the
plate of panels and columns, thus soft and high-strength
steel has been used in the plates and the columns. The
outline and the dimensions of the beam and column of

SPSW are shown in Fig. 1 and the mechanical properties
of the used components are shown in Table 1. The g0 and
E are yield stress and modulus of elasticity, respectively.

In this research, a finite element (FE) model for the C-
SPSW specimen was constructed using the commercially
available ABAQUS finite element software package. The
majority of this FE model, including the infill plates and
the boundary elements, were constructed using the 4-node,
quadrilateral, stress/displacement shell elements with the
reduced integration and a large strain formulation
(ABAQUS S4R Element). Shell S4R elements were also
used in the modeling. For simplicity, two linear plasticity
models with kinematic hardening and the Von-Mises
function were used. The slope of the hardening part in
stress-strain curve was considered to be 3% of the elastic
part and we usedthe sensitivity analysis and began the
buckling of diagonal tension field by applying a 3 mm
initial distortion to the middle of the plate. After
conducting sensitivity analysis, a mesh size of 10 cm was
used.

Fig. 1 Overview and details of laboratory sample

Table 1 The mechanical properties of SPSW specimens

Members G o(N/mm?) E(KN/mm?)
Plate 180 206
Column 366 206
Central beams 310 206
Upper beams 366 206

4. The study of nonlinear dynamic response (Time
History)

In nonlinear time history analysis, structural behaviour
was observed partialy during earthquakes and this
behaviour represents the more realistic behavior of
structure during an earthquake than the other analyses.
In this analysis, the effect of frequency content, the
maximum acceleration and the effective duration of
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earthquake was well observed and it was identified
how two different earthquakes with identical
maximum acceleration have different destructive
effects of on a structure. According to the Iranian 2800
standard, the accelerograms that are wused in
determining the movement of the earth should
represent the actual movement of the ground during an
earthquake as much as possible. The duration of strong
ground motion in accelerograms is at least 10 seconds
or three times the original period of construction,
whichever is greater, shall be chosen. In this paper,
according to Iranian Earthquake Regulations 2800 and
assuming the soil type 3 and reviewing the
accelerograms, finally three Northridge earthquake,
Tabas (Iran) and Loma Prieta (California, America)
were selected and all accelerograms to 0.35¢g scale and
characteristics of these earthquakes can be seen in
Table 2.

Iranian 2800 standard was used in order to scale the
accelerograms such that after scaling the
accelerograms to their maximum value, the
acceleration response spectra of each pair of scaled
horizontal  accelerograms were obtained by
considering the 5% damping with SeismoSignal
software. After combining the response spectra, each
pair of acceleration averaged with square root method,
should be compared with the standard design spectrum
at interval periods of 0.2T and 1.5T. In order to review
the within period intervals, the main period of
structure should be obtained. Thus, the main period of
structure was obtained using modal analysis which
can be seen in Table 3.

5. The nonlinear dynamic analysis
After creating the models in the ABAQUS software,

models were analyzed by nonlinear dynamics, then the
shears, drift and DC of the models were obtained.
Therefore, first of all base shear was calculated and
then the drift of floors results were obtained, and at the
end DC was studied.

6. Conclusion

In this study the behavior of coupled steel plate shear
wall with beam connections to the rigid column was
investigated by the use of nonlinear dynamic analysis.
Thus, three C-SPSWSs with 3, 10 and 15 story, were
examined in models at three link beam lengths of 1.25,
2.5and 3.75 meters. The samples of Northridge, Loma
Prieta and Tabas earthquakes were analyzed and their
base shear, drift, structure period, the degree of
coupling were evaluated. The results showed that
increasing the length of the link beam in coupled steel
plate shear wall increases the structure’s period, drift
and reduces the base shear. The results also showed
that increasing the length of the link beam has additive
and subtractive effects on the degree of coupling. By
the increase at the link beam length, at one-third
middle height of the buildings, from medium height
buildings to the high-rise buildings, the shear
decreases and by increasing the height of structures
the shear increases. In the Northridge earthquake, in
65% to 80% by changing the height of the strucure of
short height to medium height, the height of the drift
lowers and in 40% to 50% by changing the height of
struvture from medium to high, the drift increases. In
the 1.25m link beam, by increasing the number of
floors ,the degree of coupling reduces. In the 2.5m and
3.75m cases, with increasing the number of floors, the
degree of coupling increases.

Table 2 Characteristics of the selected earthquake

Row Name of Year Station Soil | Distance | PGA(M/S?) | AT | Effective | Selected
Earthquake Duration | Interval
1 Northridge | 1994 CDMG 13122 3 82.3 0.104 0.02 10 21-11
2 LomaPrieta | 1989 CDMG 58223 3 72.2 0.329 0.05 11 20-9
3 Tabas 1978 | FERDOWS 71 3 91.1 0.107 0.02 26 36-10

Table 3. The main period of each structure based on modal analysis of 3, 10, and 15-story models

Row | Model - length of link beam Period 0.2T 1.5T
1 3 story-1.25 m 0.3035 0.0607 0.455
2 3 story-2.5m 0.3127 0.063 0.469
3 3 story-3.75 m 0.3216 0.065 0.489
4 10 story-1.25m 0.722 0.144 1.083
5 10 story-2.5m 0.759 0.152 1.183
6 10 story-3.75 m 0.8378 0.168 1.257
7 15 story-1.25 m 1.167 0.233 1.751
8 15 story-2.5m 1.27 0.254 1.905
9 15 story-3.75 m 1.38 0.276 2.07
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Study on the Features of Critical Arch in
Granular Materials by the Developed
Trapdoor Apparatus

A. Ahmadi! E. Seyedi Hosseininia 2

1- Introduction

In case of forming a stable arch in a granular medium
due to successive particles removal, the interaction of
the particles together leads to maintaining them
against the failure caused by applied stresses from
adjacent materials.

In an experimental test called "trapdoor test", the
generation of arch can be studied. An arch can be
formed over a trapdoor through granular materials as
it is shown in Fig. 1.

Left Rail Trapdoor Right Rail

Bottom Box

Fig. 1. Formation of stable arch over a trapdoor

Arching is a result of shear stress mobilization
among granular materials. The shear stress is
mobilized by relative displacement with respect to
each other and this arch-formation is generated among
the particles. The particles below the arch are not
balanced and they fall over, while the particles above
the arch remain in a static balanced condition.
Although the arching formation can be considered as
a transfer of pressure from a yielding mass of soil onto
adjoining stationery parts, as done in the literature, this
paper discusses the arching as a formation of a stable
arch in granular materials using trapdoor tests. In this
study, the formation of the last possible arch generated
over a wide opening is investigated. Cohesionless
granular materials are used in this study.

2- Experimental program

The developed trapdoor apparatus is an appropriate
device to investigate how an arch is generated through
cohesionless materials. Fig. 2 presents this setup and
the corresponding parts.

(1) Main base

(2) Supporting base

" (3) Slotted arm

(4) Test box

(5) Bottom box

(6) Horizontal rails

Fig. 2. Parts of the developed trapdoor apparatus

The device includes a variable trapdoor width, n
test box with adjustable inclination, and a movable
base. This setup can be considered as a modification
of a so called trapdoor test already introduced in the
literature. In this paper, the main base is clamped at
directions by inclinations angle 6= zero, 10, 20...,
and 90 degrees with respect to the horizontal, in order
to study the process of arch formation along with its
dimensions over various widths of trapdoor. It is noted
that the trapdoor width is increased 2 mm at each step
of the test procedure.

This paper concentrates on two significant events
related to arching, which were observed in tests
performed by the developed trapdoor apparatus. The
first event is the parameters corresponding to the
situation when the stable arch will be at the verge of
failure, and second, the situation of the granular
medium after which the no arch can be generated.

Some pebbles and plastic spheres called "rockfills"
and "beads", respectively were used as granular
materials. The beads have been set in two layouts:
loose and dense. For the loose array, the particles are
in a column-like layout. For the dense array, the beads
are placed over each other in such a way that they are
placed between the two underlying ones. Table 1 gives
three properties of these non-cohesive materials,
including internal friction angle (¢ ), density (p), and

average diameter of particles (dsg ). It is noted that the
bead particles were identical.
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Table 1. Properties of test materials

b(deg) p (kg/mB) dso (cm)
Rockfills 41.3 1.58 0.9
Loose Beads 30.7 0.97 1.2
Dense Beads 37.4 1.04 1.2

3- Observations and discussion

Regarding authors' definition, the stable arch which
would be formed over a trapdoor with maximum
possible width W¢, (about 4.7 to 8.67 times dso based
on ¢ and 0 values), is considered as “critical arch". It

means that if trapdoor width exceeds W, then arch
formation is impossible. This step is considered as
"failure threshold", and at the next one, when the
trapdoor width becomes wider than W, the observed
events will be attributed to "after failure”. The
observations imply that the arch dimensions get larger
with increasing the trapdoor width. However, the
height of the critical arch is reduced compared with
the previous step. The reason may depend on the
discharge rate of particles, interlocking of grains more
rapidly, and establishing a volume balance between
discharged materials with those inside the box along
with the empty space limited to arch boundary and
trapdoor at this step.

The results indicate that after failure of the stable
arch, left-over particles inside the test box are in a
symmetric form on both the horizontal rails.
Moreover, each mass arrangement remains nearly the
same as the initial array. Therefore, each one can be
described as the "stagnant mass" of materials (Fig. 3).

_72\ . _ ;’1\7’_

Stagnant Stagnant
Mass Mass
1

Discharged Materials

Fig. 3 Stagnant mass formed in a granular medium and
its direction with respect to horizon

The angle of stagnant mass with respect to the

horizontal (y) may be derived from internal friction

angle (¢ ) of the granular materials as well as the main
base angle (0) by the following expression:

a5 ) (0
Y~(45 +2] (32.6} @

4- Conclusion

The developed trapdoor apparatus can be applied to

study the generation of arching which means the

formation of a stable arch in cohesionless materials. In
addition, the geometric characteristics can be studied
well. The most outcomes of the present study include:

1) The maximum possible trapdoor width at which an
arch-like formation can be generated is about 4.7
to 8.7 times the mean particle size of the granular
materials. This value corresponds to the internal
friction angle of the particles. This arch is referred
to as “Critical Arch”.

2) Although the width of the critical arch is the biggest
among all possible arch-like formations, the arch
height is not necessarily the biggest. For the height
of the arches, it was seen that the height of all
arches was increased as the width increases with
the exception of the critical arch. The height of the
critical arch was decreased with respect to the
previous possible generation of arch.

3) After the collapse of the critical height, the particle
flow would be continued until a stagnant part of
the medium would remain with a stable slope. The
stagnant slope angle is dependent on the internal
friction angle of the particles.
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