VoV 2

(‘D x5

wn

-1 gy i ((1F e (liasli) ¥ o)losd B o o j baurmo 9 (lp0s (oo 4005 pgiongy

00 ygramo (y gy — S 5By (69 p oy adbl Slgo G w0

V@)Lo‘ O™ g Vi ‘;.A.CL«VJ‘ BN

5 oKisls ao\),o_c L?‘““‘Q’“":S:'“é )L.t-‘ub‘

o oBils (] jas i 0aSiiils ()l pee (51555 0,90 (gamils v

QNEIYY 0T e QAITY 10 AVIFNE il o)

oS>

"

3l QU5 4 059> cnl slp o Gl 5] Dlety i ST é 18 ST Gl s 1) losms jaad g oS (o (F9,55S 5 g9,

Sl aS ol aad guiss ol bl cele Jooly Wl oo (ol 00iiS jgame jl eoliinl ggbge cpl cwyp slp oyl (S ol GLLS S L
sy Sl LS 7,b g5 ez ans 18 dalllas 0,50 ) o s albly slge b cadazsl slojlu s oy (23,5 - 25 L3, 5 Sad same
PV 910N Gho bas,s b (Bras Glers 0 albl slge (e . 0u8 5 b ool gase 0 (15,5 - s sy albl slge ol 5
O Sdiges ;0 (Mo,d Yo F g VOY Vo) some Cond) yio hoo YO 50 YO laplS b Sul jsame g 550 0, 0l jglate 0 gl
s 31 (6 230 IS g Cenglin Sgupo 4,0 00l jgamme (5 40 o (e albl dlge (618,54 o ploul slo olej] gl wlal 5 .000,5 acss

s i e bomm (393501 A3l Slge ¢yame Al Slge (i 2,8 - i lid ) e jlgands’

3 Kumar Y- .Y Munch-Petersen 4 Glavind) o aale>
FURRTRAFCONS

O boS albly slgs g gite DY gaze 0y g Conio dsngi b
23 59z M g a0 e 1251 Slse £33 (99,5 oo slov
Sz S)n Gl ol S sl 0gd o0 Gl (Sl
o] 65,54 dlse 5 ol (20 canlin slaol, 5l S
dooly ol el ol Cilil b g slugesle mllas 5o
aailocSos U 5 ylows (soails 1 5 Slge o 3Rule b 2ilsL
ool az S BB (Bg) S o 5o

2ol )3 Gl mbio j3 Sl (56,8 51 (S e
Bkl Canio a9 Bk S5l Comex Rl el Gl
anlp o el oud e 3 ol @ L Gl cely Ko
S S 18 e b e 0y5LaiS) e Jpazme (s5lslar
e e allol Slge 1) szl Sl slge 7AA Luds pone
S oo S5 o 4 3315 Slge Cnl e e e JSCS
albly Slge (550455 5 (lwo S e adgs GRlHEIL g o)l
oSl LS 8 p sob anse ol g g 00,8
3 Slge ol 5l samme sslil 5 bl IS o walss ol

z}la»a «bl}“ U"‘ R0 ‘UT > og)LC ol )b)?}t’ 601-’) “e N

doudo —)

il o o s 55 e S e
Ol 0dgi Gle cdlizee 6lo)9iS o jlugisls aswys 4
3l lows 0 g8 RER JE R olidlay g, do o ¥ oagas el
Slalls o8 5las, oV JID sgam g o)l g0l 65, 4
V) - Deja) el anl)d cpl 5l 56 CO2 wsile

ol e lis pler Sl Al Sladdss sy (o)
Jeaze regd (leicay Vo0 Jlo b a5 col g4040
9 Imbabl) .)5.: M‘ﬁ’ u] )‘ = m)L:.M: w‘ ) on)..AA
(VY e

ol Wy s (Kske cuxr o ol slagiesy
el 0l plol Gl oS Licsl mhaw LS5 5 Jgae
6‘19 ‘5~.~4L~c J.>o‘) “\"5"‘5" alisee k}.oSA O‘s.o L;).f)lfcu
¥eo0 (Koo g Rehan) ail JSiw opl J> 9 Jol&
(Y- -V Sanjayan 4 Flower Y - - ¥ .Garther

oladl (s 5l WSly olge 31 w5 adg dLwly cpl o
a5 el gals a4 e o] 5 odle g 0dgr 48 oty )9 ,he
b mlie bae> g Cons jlaioes o.\.:.:foojn 335 olge ¢ glaslls

CEVSTYYAYA - i polod o Lo £ gtans odinygi *

(Mol z) haslani49@tabrizu.acir  Lelow! z) j-esmaeili@tabrizu.ac.ir : s! o,o]


mailto:j-esmaeili@tabrizu.ac.ir
mailto:haslani49@tabrizu.ac.ir

1A-1 ((1F e GLasl) ¥ ooylods Y wlo ey ) dumo 9 oyl o (oo 4 s | (Mol .z elowl .z \Y

4 i Olge ol (6.5 545 .00 F oolaiul wilgs o MgO 4 Cal
beze b )55l (uddss i 9 00l AlHS slajlS adg pals
Ll s

3 Watanabe «()4VYY) Park (VAYA) Ko 4 Desayi
o )e g Mander ¢ (V4AQ) Shah 4 Fafitis (VA +) o] Ken
hne 008 yga5te (5 ke Ceaglie g jlade (S ST (VAAA)
oS (G 97 RS SS9,y 2 skl R LS Caelia
—oi alal) sl pladse 5 IS 1, Sl 6,188
0,l,0 0ad 5 9l aaz slrosls 5 Lledlbol .aslos S slgainy 255
3 Sl (6 051 cox oalsjgame (i (5,5 -5 alal,
A Ol eoliial )50 g 00,5 Lo (o5 o lailinl o s,
9 Ozbakkaloglu «\AA (|, Ken 4 Mander) »,5 o
(Y- +# Saatcioglu ¢ Ozbakkaloglu 4 Y-V ), Ken

o 30 WS e Jale G (il JKB 50 dnngs
o) ol s G s (Fadygarne gl ol
Soyo Sl e Gy 9 (Sl SO s ) s
bl SR bear el e At S (55570 ()L23
S B8, s pdy S8 g Conglie 4 (0 el S0 0 oS
S 5eeis alaly Joga3 Gl (Il sl oile US5
Sllasl 5 o 51 2 sl i s lyiom (ol 5 5550
o 0,8 Syl S 5,8 JSis 5 Cllasil BB 8 clls 4
Thee R (Sodjgaze mhe g Gl GBS G,
LAl g s3Ys8 muy 90 ule odiiS jgame glgl lawgs
Sl (5l 5 (5)97) ok Kb i aball) (SusE (6 pecdy
Talaat 4 Y+ -0 «,],Ken 5 Lokuge ¢Y9AY Shah 4 Amad)
ARRAY

ool 5l (8 (Game (Sog38l Blge (655 T Slalllas
Y939 55 Elil g o)y (ol S el 5,00 il
Flas lacay alizee gloas o b oS 5 L alflas o jg0a
RS~ 3, 59, 2 gl cnl o )lo asll JeSia olgs 5
5 093 Caoglio IR 55y 2 ST iy eadjpame ok
Tobe Yl Camglie b oy (25,5 - L8, o Sles lgiea
Slge ;3b 0,90 j0 (gounie b 3 gla Jlo o .l
Olysar i ls> 2 oy g e ool wiile polee glsil albly
Slidss cpl ol plol Sl 0 o 00351 U 5y alocSow
Lo g ooy gl (yolae aloordh 5 (Sojed SlaS 5 a4l 2
Loas oads (0 allie () jo ool Galide s o (S
Ul Olowm Sl (850 plpieas e albly Slge (S0l
OR GRS o 8y 4 gl o | ol aleS s g Jlisle
iled (o) 2 000 yga5xe

S jlazs oaiiSosgll gis Sy g il o3V 1 sk Jlasl
YIOF 5 oo & Ogedee Yo 090> YoV 8 Lo 0 .00 5 o0 8l
Y- VA Survey) cewl soiadg Gl 0 albl olse o yguls
(Y++Y Gordon 4

N WL b sl Vg5 €618 o jlaibinl ululy
(Si02+A1203+Fe203) oyl Lol jole ggame o sl
yobs aw (nl ggeme (1) Jsozr Geb il o po Ve 1 o
Slga oyl G ol duo ;0 AVAA il e jare albbly lge 4o
& a5 sloes,gl 4 oolial sl cenlin Sty ol
YWY (o), g Thomas) coul oo Y559 olgie

oo bl slge (6,5 S paas 5 (oo Sliaxs
s Kundu 4 (Y4VQ) Sultan olidsy .ol sadipll e
Ty o (yoize alboly dlge a5 a0 o i (Y1 9) ] e
Slge ojy, S caiS o lgieay oolwl sly Jle b
Dyl ly 5l gyl (JUIS cool> i

oo albly slge o035l o)l (Y4 V)) ) Ken 4 Qiu
=03, pdlel g 03908 Baion o adsi )3 () S lom e
STy oy S slry e cyome all; ooliil plin oS il
wlgge ol ol Jlie x5, 5a 5 008ty Jlis )l
s 2alS |, SIS Sy ob 8 S Jlj s

A4S 35 e e albl olge (Y 1Y) Eren g Onuaguluchi
[CEUSN | IERVIRWAIRYV\ YA S BTVOE 1 BRSSO V) RN DOvy
Sy30 g 0390 Slamws (il wopd Ve g 0 ¢ Ced L)
-00,8 i3 Slidios gl el s layl alesls 1,3 ol
By oz ;0 Blas slge Glgicas albl slgs cpl 5l oolaiwl a5 wil
ot gl g oad B8 0les 5o (S Gl 4 e
10 i b Slosws o5y ;0 0lge cpl (625 )54 000 o ialS
9 G)lad Cuglie Sy 4 i Sl Djgor Gla sl
Dglise SALS 5 oz

albl olgs 59, » (YY) ,Ken g Thomas laaxs
Slgreas 0,0 VYN E Liegll § ooy YO odios b e (yome
Ry AbSiw (Rl 5 e pane Sl (Saxe Al
G /¥ sloww Slgo 4 ol cani Lo, 80 b a0,
diged a5 A2 g0 lid Baid ol ml el ouls bl /D
Ol Ky bglsee Jlowws 0 O s & albls lge b oy
Slge aoyd Yo b/ Slowws dlge 4 Ol s b oy bglsee
i e dge 1) )LaS Cuaglie ) ab S slray albly
L el lolgn S iy ol (Y4Y) ) Ke2 g Huang
aS Wlos ) 155 1y 0l g e ydae albbls dlge 5l eolal
sl Sl (3l lsieds 0,55 05 § o poime albly olgs
SlaS 5 5 iloles dlanslgts (I g3l S i DY pazmo w o



Y 12-1) (1P e Lasl) ¥ ooylods oY wlo cam ) duxo g ol poe (pwdigo 4 386 [ (Sl .z Juclownl .z

oolaw! S)yg0 ALE'J o',.o 9 uLo.o.w Olasiie - J’J-’"

(1) slord S
albl; olge Oloww

YV ARVIN Si02
AIVARY Y70 Alz03
Y/iva \tia) Fey03
AR FYINY Ca0
YIFA Y/f- MgO
V/AY APATA SO3

<IN ARE Naz20
YIVY AR K20

<[+ Y0 - CuO

VIAY VIYY LOI

S S

YVO- ARTAR kg/m3) S
INA%Z YYvY (Cm?/gr) oo,

oolaiwld ya0 Al Sww guudils -Y Jeus

alsZin doKiw  p, alKin I 5l
JANES AN /. (o loo)
Voo Voo Voo Y/
AQJY Vo \. - b
INEN Yo AYIY £IV0
Yv/§ . d0/Y YIYA
YA . YA AR
VO . YOI -[$-
AN . A e
/e VIV No

G g, -
bYW 7,k g (S pao glas -)-Y

A5 5 £45 (OPC) 0ils p ylos dodigod dod 0y 5o
b s%igm TCMT) o Gine albly olge 5 (ldgo olosw
oot ooliztal (1) JSb samails 5 (V) JSb Jgao clasin
Ol yio de VYO allo s jhd ojlal Slas ool
90092 25 plyw CS 20 a5 Jgens ) ailoSin calocid o
Slarin 5 Gilejl glabslre szl slocuus 5 nolis
oaalive hB (V) 5 (V) gl 1o ol s o o 2 sl boglne
S Jyarme (Uil 4l 0asiS g 398 (S3933 olge . unl
e o slial Sl

100
90
80
70
60
50
40
30
20
10

0 T 1
1 10 100 1000
(08,5) Sl)3 o3l

soliiwl 090 albl 3lgo g ¢yloww Gasudils Hloges —) S

SogeE Loy

oul owy p b gle Wlaskin - Jguo

3sb olye Al e abci  wel Ces albl Slge i by Slosms oo oo

% oaiS ) kg/m3 kg/m3 Slos Slg kg/m3 kg/m3 Ll
<A AA- Veod -If YAD Al
SvY AA- Veod I YA O8I0 A2
-Iv$ AA- Veod I FY/VO YEY/YO A3
“IA- AA- Vool I av YYA A4

Oygod JKLLKe TP oles Coglio b o Joo & ylad 4y
)22.461.:.4\/&3&' ARA ‘SLQrDL?)Q):‘QLSL‘»?O\Y\ )Ja_‘abc.u”o
(V) USh o 0oy Vo) 5 VY X/ F oz s )

2. Copper Mine Tailing

bl g Laiges —¥-Y
Yoo slol a4 ghae oo jasles I dalllas cnl o
69,50 b adigas  Fals jgame ol oas solitul o Lo

1. Ordinary Portland Cement



1A-1 ((1F e GLasl) ¥ ooylods Y wlo ey ) dumo 9 oyl o (oo 4 s | (Mol .z elowl .z ¥

slaaige;l Gialesl gl ol oo s 4y cnl ouds fae
S glralr s b Jloygin olfies 5l o
009,85 (6, IA5 b adBs (o e de S s s by g oalioolatul
S Ly s jsber U5 s 5l cslaosls
(F) IS5 50 oads (ialesT slagsesl aiged ad cud Sgals

Sl 00l ool lias

oo shlojT lacygosl aiged —F S

Cxy g (P Lol gl -
ouin jguazo (yis —V-Y

bl slye sl (e 55 G giie () S
polie sl oadosls lis alizee sloas o b e oo
o sl o o O Sblite S8 i 5 Caeslie ST
oals 5,155 (F) Jgaz 0 eais jpame S g albl
O Ceaglie Jlade a5 amd o ylid sl Cawdds gl .l
OF S oo dy Cad alboly 0lge 40,5 adlsl b oais jguame
Rl (0) bl slge (gl wgei 5 Wb o 5l 5o,
JAIVE )..'I).} el P A o0 \E 9 VO ‘).t.bo Agod 6‘,» >
Shloe IS8 s polie el JKLLEL YY/YY 4 VYV
)..‘).v e PA oy \E 9 VO ) Agod le).; wsl.u )..5|..\>
RGWIRYERE A & SPRVERE A ANFLYRER AP\

2 o sBlcs JS i 3 Caogliio HiSTas polio —F Jgux
[ Yoo Q.H

I e gtas o A
4—“—_1-:1-::4w Al jblie sSlas bl loigei O Cewglie f
K3 Ceoglie Ceaglia g & ERGARYWE Y
(JSsly & Lm;,-“;. (mm/mm) Js (J5ub50)
S Kges

ARIARE Ve ofeY-Y Ve YAVE A1
ARIAN AJEYN o[+-YVA (AR YV\PY A2
ARVAR) AR o[+ YYY \IAYd YYNXoe A3
Yy/-q AVAR o[+ +YYY VY YYXYY A4

VO 50 00l (g5lul asbians 90 lhls digad o .l 0uls sl
ssbreds alaw cnl el (b 5 YU mhaw 5l (6 e
ol Al 33 pl i S0 IS e (5 S
VYo b stolosl o jlaslbinl dals slogn 4 4l 0 Sei.ailons
Dygods Send o o dil> g Jate S8 b agly a0
TS bawgs g 599 )5 e 035 oo (IS5 ol
cho 3y 2 o PFLA0AD) oo 1o Jsb & 3y
(V) JSCi) 09485 o0 (6 S 031l sl ouiscuai o Ko
Lolys )0 59, SO Sae 4 o0 5l s bases
Gy B s, Sl am sl ond (55l alKabej]

03 55 Galejl bl oo b ladigas s 0 plol aaigas
o5 il azys YYEY gleo jo Sal b osasglasl ol

399 AU @a 599 (595 ! T T i digad —Y IS
oo VO b YO agy

of Galo3l 9 ygo3l (59 2 gomw iy cuas diged —) JSb

5o 5l badiges Jsb laS s (s pSojlail jolaieny

b Gillas SO (gladl> S 93 G (LVDT) gewSe s
Oloreds i ot 90 Lawgle (29,5 5 el (7) JSC2
@i oyl 5o 28,5 )18 ooliiul 50 g JiKew 2l S
G55 dmle Sz Al B 93 o (ornd (S i p0lie
cil3 Gl g @l )5 e ogd oo odlitul (5 95e
gl 2 45 (PFL-30-11) o laa Ve Jsbo a2 ()9 w55



\0 12-1) (1P e Lasl) ¥ ooylods oY wlo cam ) duxo g ol poe (pwdigo 4 386 [ (Sl .z Juclownl .z

50 1
45 4
40 4
35
30 -
PR AN
20 1
15 A
10 A
5
0

(JSLKe) s

— — — - Mander'smodel C-M-0

Experimental curves C-E-0

0 0.005 0.01 0.015 0.02 0.025
Groshen |y he) 85

(Ah

— — — - Mander'smodel C-M-75

Experimental curves C-E- 75

0 0.005  0.01 0015  0.02 0.025

Grogshen | yiogheo) (25
(@)

(JSubKe) s
N
(=]

— — — - Mander's model C-M-50

57 Experimental curves C-E-50
0 T T T T ]
0 0.005 0.01 0.015 B 0.02 0.025
Gragslen | o dloo) S
@
50 1
45
40

(b s
N
(=]

10 4 — — — - Mander's model C-M-25

5 Experimental curves C-E-25
0 T T T T ]
0 0.005 0.01 0.015 ~ 0.02 0.025
Grocshen | o ) G 5
)

bl dlgo (y9us o ygaze (i (5Ll 903 dulio - JSCo
399 w30 oy (I :Mander golyscioy Jgdwo 9 o (yio
oy gz (% (g <o hen VO o6 L Hgpammo o (2 o
L @ 590 b osdygazmo (3 (9 yio ao B+ o L g 590 b
oo b0 o8

) 40
;) 30 ,,p.ar...,,.‘_
3 0%
4 20
0 - 10%
8 10
- _——15%
0 4 T T T T "
0 0.0010.0020.0030.0040.005  =====-- 20%
Gloghe |y shee) 2555

Slgo (s9l> ould ypamo (i (i S — i Al -0 S
Oloww (2350l albly

Sl e albly lse 555 50 Glel @i ool

A Comd Cooglie yiSTas Bl IS5 505 § Coaglie S9uge
~diged Cuoglie al8l o ((F) Jguz) 03,5 o0 J S diged
oo Y559 STy g albl olge (552, 51 (SBL Wil o La

Al ol ,0 09> ge

0l yguama (yia —Y-Y

B S G e 3 (S same T (9) U5
VO 50+ YO pl5 alolil g ;90 Lawgs a5 albly olge w3l
ged 4y Comd aiged ol dslie a2o oo las |y e L
bza ;50 = Job alold als b g ool Cunglin yiol38l
i 55 oo Loy s W8 al38 s S 5o (615
olie S alayl ) 5l ool guaste (i (slBdiged Cooglie o33
)MguWSuﬁrS‘A}moM)smuuw5LMrs‘d>
O 4.)5.4.) 6‘)" ‘(a) Js..\> UwLM:‘ » ] ML?LQ JJL‘B R
Ceoglie el oo Gulidl ao o Yo F ay Vo) 5l Sud jsame
WS o o Rl s s YRV 4y VA5l ool jgamte
it Ceoglie Sl b JBlite JS 5ot Gl onipes
G0 Byl il el de o V0P @ OF 5l 0 cold jgame
YVIO @ YV 5l Caglan al3dl &y yome a0 Y/ F a0 V/e )
el 0dd do o

VAP @ £IY 5l Cwglae Sl b blee K6 s
50 45wl o ol ool Csddy sl adl o)l ss s
T u,,.;ljsl L oalbl olge (g9l oo guame O
3 Cwglan Jlade oy Y- ¥ 4y ao 0 Vo) 5l (Sl jgame
IS st Ol s adgy by oo 5lad oy YIA 4y 0,0 V/A
15 0 el ygame b diged Cuglie ySlas Lo Lblis
Sl cpl Sbled alols bl ) oo duo s YO/ 4 ws o
5 Cogline Sguge 4 yomine Wilgh oo o albly olge 5l oslasul a5



121 (Ve HLusB) Y o5l B wl> o) o g C}'J“’" (WS Ayl / Gi){.c| -z “51,3.:@| .z \¢

ol bl S ki 3 cuogliin ;S Ts polio -0 Jguer
] d.u:b .>|5.o ‘ssb o»\.&)ya:u O ye

f;’: iz IS o A ‘
. ;w%ua AShs b Zwglie o caglie o lods
gl oo ygae (o ol yguazma Aigad

4 (Sl 50 (Sl 52)

[Coad

Vee SJeeY YD Ve YAIVE C-E-0
V- 0¥ <[4+ YAYD V14 yava C-E-75
VYD <[+ - YAYD V/-ay YATA C-E-50
YIoF RN VYFY YAV C-E-25
Vee <[+ YYYD Ve YYITO T-E-0
V-FY ) VY YEIOA T-E-75
VIOYA Ao YDVY VAYY S T-E-50
YIASO ) VYYD FOIAY T-E-25

i i BT 5 E-C ladiges juS - gl gimie
Sl o game (2 g (Jyons 00dpaze (i ulej] @l
F) G i 10 g 90 aliie slads,o b abl slge 710
[ER) &9 Q?.' s, L:eJSM Q_gJ N R PR WK obes (V) 4
359 OA) o) Ken ¢ Mander solpiins Jow (wlul ,
olpian Joe ol o g i aRiole;] digei e (sl
O oS - daal, (VAAA) LSes 9 Mander

iawl 00,8 Ll 05 Jge,8 ©)jg0s | 0nds jg.ame
Jeex(E)xr

r—1+(;—;)r

fe M

30 s e for Caglie wSTas ofp bl 2 0 Cwglie
dlee iy adaly 51T Jlade 398 golgaion Joe jo &g
30,5 oo

r=—te ™)

B Ec—E;s

o adaly slas awawYl Jgow Eg ooy iVl Joow B

E, =L« )

ol LIS g susiS o gue (59 (s Akl —A UL

— — — - Mander's model T-M-0

Experimental curves T-E-0

0 0005 001 0015 002  0.025
Gogshn [ o o) 25

(Al

(IS Ke) s
no
(=]

— — — - Mander's model T-M-75

Experimental curves T -E - 75

0 0.005 0.01 0.015 0.02 0.025
Gragslen | yaidloo) ()5

()

(JSubKe) o

10 — — — - Mander's model T-M-50

Experimental curves T -E - 50

0 0.005 0.01 0.015 0.02 0.025

Goglee | yogh) 2555
@

(JSLKe) s
N
o

10 A — — — - Mander's model T-M-25

51 Experimental curves T - E- 25
0 T T T T ]
0 0.005 0.01 0.015_ ) 0.02 0.025
Goshen | faisen) (255
)

W2;3 18 (9l oud yguazo (il (Sl ,l0 9o dums i -V S
:Mander gol-cion Jgowo g (o (yoro albl olgo
o sken VO oI5 s yparo (i (G oy 393 95 o (i
oo B0 pBL g 90 b o jgame (0 (2
Foheo YO o5 L gy 599 b o yguazo (33 (3



v 12-1) (1P e Lasl) ¥ ooylods oY wlo cam ) duxo g ol poe (pwdigo 4 386 [ (Sl .z Juclownl .z

“ B i S - g (o5 eand o Ll S
5 wwlie (22, @b b (e ad sln D)0 S92y a2
5 (Gl o) oaal Cmdey (Rl @l » Golate
—9) U8 o ooliiel ST 4l 5l ssiipdol 1 ke cypees
ey e b 05 55 -5 lagieie e (A
olas 1y bl olse (ggl> (slraiges slp oS 9 Mander
7 GRS i (sla giomie duolie () S s s
alyd b e oo plad | bdiges Gles 33l cove b
2 Sl 0,8 1S eadedlal 1 opolie Ojsedy 33l
ol gaze i sl |y pj abaly Ol oo Aol polie ol

255 My e oine albols Slge (551>

_ Ec

=5
—=+12000%xk
1.97

Q)

E. = 4784 X /fux ()
50 1 —_——- Proposed
45 model T-M-0
40 Experimental
curves T-E-0
35 1
----- Proposed
::% 30 model T-M-
N 25
~ 25 1 ——— Experimental
A\ curvesT-E-
- 20 25
--------- Proposed
15 1 model T-M-
50
~ 10 ———— Experimental
5 curves T-E-
50
0 ———- Proposed
§ i i i N model T-M-
0 0.005 0.01 0.015 0.02 0.025 75
Groghen | froles) 5
(&h
50 1 —_——- Proposed
45 model T-M-0
40 —— Experimental
curves T-E-0
13 35
% - =-=== Proposed
~ 30 A1 model T-M-
25
%,_ 25 ——— Experimental
g curves T-E -
20 1 25
=D N e Proposed
~ 15 1 model T-M -
50
10 A ————— Experimental
5 4 curvesT-E -
50
0 ———- Proposed
N i i i N model T-M-
0 0.005 0.01 0.015 0.02 0.025 75
Gragsken | 2o o) (55
(@)

AT spolie (55 - S inin el -4 S
Mander solpsciony Joo b albl slgo g9l> ool yguamo oy
rlado gl b (o ar sl ygay (A

Sl Ga 5 o Ceglie 4 (Sudjsame aasly
‘54l> S9ye RPN ‘_,’i:....; 5 d..]a;'b d,Ja 0aisS odgdse
Sl LI o bl JLas b (A) S5 Buds caiiS ag0e

= 2Xf
k= e )

O A ol HLd pea Sl b oS ogame il (59,0 fi
JEwl e w0 Canglie e (Sl Ko o

2xAgX
frz———2 )

axs

fy oy Faihes i n @ 590 98k ghie v 4
8 JIS S iy iy 150 95ken (505 (5l ol
590 3,5k (Job alold 5 e s oy 590 98k
e mshee > 590 A5 L

—onas L84S 0gd e cdmlin (V) 5 () sl ISS o
Jo ol ol ali Lo, baiges £95 90 o slp (25,5
Ceoglin e (glls (o albl 0lge (g9l>) T-E slalglxs
slebglse ailes alin Sobjsame mhw b aldlosg
5 0-E-C) ool jgamme oy cll> slabgle 4 cons E-C
T-E slabglrs o JSo ,0s5 o238l &g, .ol (T-E-0
bslos diged Cosl yin g Fgo pw C-E slabglies 4y Cons
CenSl S )l baiges 5l 53 93 8 50 0uds jpame (2
b (gogmo axLi ;0 0uid jpame sladiges [ld, el 00uSs
lag)] (onie J355 a5Ls g 0399 alion Lo )i Canglivo 25T
oS ol el pl b 4y cpl Bl 00iS e Wl ood
Canglie 23l o SO & gy 490 b o game a8 ok
T s 5 00 jgazma piden sladiged HUS) Lol el
Lol (Sl jgame

_ Agxmd _ 4XAg
- %xdzxs T dxs

*)

(S My gaze (cam Ca P
Sl Sodygame S50 i bl LS L (Sl o
:u\g.y‘u’_o Cawd o abaly

fi=22 W)

e 590 08k b (Sadjgame a3l cplpls

PXf;
=20y

fre
GRS = L8, 6l calie (o Joe SO 4 sl
6LQJJ.Q L: Lmu}a)i C;Lu 54.UDLJ .b‘yo 65L> ou\..a)yam LJ"J
Comnd 5o o ST 0l dslie odlds jgamme (xo 6l 99290
Syl 1y S~ )l s jsbdy aituily (s3gme

9]



Y1) (0 Fee yLoal) ¥ oylocs () Al cnny § aao § (3l post swikien syt | Dol .7 e sl lows!

A

-0 &=L ol (Transition radius) Jlasl glads .ol Bg 20
208l b e o S - (Fonie JUK gled L Wil
albly olge o (Sudygame Gl b odslcwwsds b ol
Sl (SWl e allbly olge 98l 0 4y s Jlil gleds
S8 i e (o alal) (JUl 4oL Sl e S (oo oy
S 9)l0 S92g Sy Job JSb s g Sdly (sl
e IS s G b ekl 0 Fhe slayull )
caim3 s Wl e Sty ol IS5 s 5 Sadly
ookl 5 .(YAVD (Paulay g Park) ail (Sl game glaw
oS Ceomd () 5 (@) dunlie g Ve oo,led rolel il
O & S Albl Slge (gol> oudjpaze b (il JSO
a8 30 Y Ty 2l s oo YO 6l L J 5 0 jgue

ol (Sosjgame mha 2158l saims i

S 35 s - ¥
Syge Slogm g 0ad plxl slatolejl @l Golul

185 A Olgion e (nl B s adpdy

Ooxa 4.”4[4 Q‘yc ué; a8l L: RN Jpae U'“) ijM -\
"o 9 S (o0 Iy 35t (63le) S (R 4 S e
Slgiin slogcdle slacudlad jo G pae slp ) ol ol
o,5

W&kﬁooszmwws&&ﬁ5m -Y
OR slp GRS g S (goke (Jop a4l p IS 50

L Canglin Sl Bl JS5 s 5 Cuaglle Glipe T
9 20,0 YA a5 oo y0 VA 5l albl slge (g9l> 0uis yquae
YOI & auoy0 </ 5] Ceoglie yiSTlas U ,bloe IS0 s
VoY 5l (Sodjgams goz> Comd Sl oo idy G
R IRVEIRS R g TRRWESRS

Sy o albl Sl (ol o Wged (95 Hparme F
51 0l GRS Sa plise 5 0ad G pda JSE 5 Cueslie
3y plp ) Sueglie sloojle 5 slugesle slaojsy 5o

o lp ) OLKes ¢ Mander lawg golgiiny Jow -0
Lg o A.Uol; o|9.a ‘55L> = 6‘1.3 u‘?‘s‘ ‘) O»A..ﬁ)ym
..))5 o.)l.é.‘l.w‘r )‘..\.3.4 )Q C)La‘

Sl I8 s - Jsb S8 i g S adal, P
ghw slay)l a5 ails Y sgas ialiEl Sl
o oo lid 1) albl olge 5leslaiul 51y Sojgame

-0.002 0.003 0.008
-0.001 A — — — - Experimental
\ \‘\‘. curves C-E-0
" ] Vi
:{ 0.002 ". L N Experimental
\ "l \ curves C-E-75
« -0.003 A vy .
o ———- Experimental
s -0.004 A Vol curves C-E-50
2. Vo
39 -0.005 A 1 Experimental
\ curves C-E-25
-0.006 1
-0.007 -
(b
(b JSb i
0 0.005
0 T
-0.001 A S

— — — - Experimental
Vo curves T-E-0
10-0.002 4 \
k} voe N\ - Experimental
\
\
\

P

10_003 4 \ curves T-E-75
\ —rme=es Experimental

,%;0'004 1 A curves T-E-50
20.005 4 ' Experimental

curves T-E-25
-0.006 A

-0.007 -

(<)
S s 5 s IS yeeds i g -1+ S
cadbl 5lgo w3l ool yguazo (yiy (AW« Sl
albl olgo G9l> 00l yguazxo (v (0

O ol JS5 e & (sl JS e s Jfoges

3l saosls las (Vo) UKo 50 axllass jg0 00 jgae
Moged 59,2 o Sl Ol i a5 cenl oslie B (V1) IS
albly slge 65,54 Hl o i Cuglie (al33lols d92g
GRS GBS 50 by ead i Cuglie Bpd 4 e
Gl (S ol S s polie cplns (S sane
O ks, 5 eael canody bl elul el oo STay
@ O Bl 0 e dibhite 4w @ Ol 1) (Job
b Oygon jlre v B (S cdle) adglos)ls sl by
ol ygate (fa 48 Sl a8 O jsods digel 4 Cuaglie
IS8 s had L5 caagliie 5810 53 (ile JSC8 pois
o jgae oy (5l Lol ol (6 55T Canglie mhaw o Jobo
4z Sl (Sl Cogl 0 Ml (o> S &5 W) (]
Sl 0aiS s i (g 5S T Caglie lade amb ol o
sltl cwnd b Syl b ol Cwd T oog0e
(Transition region) JWul a>b 4 g 009 SCdly s



R 12-1) (1P e Lasl) ¥ ooylods oY wlo cam ) duxo g ol poe (pwdigo 4 386 [ (Sl .z Juclownl .z

spiral”, Matériaux et Construction, 1978, 11 (5),
339-45.

Park R, Curvature Ductility of Circular Reinforced
Concrete Columns Confined by ACI Spirals. In6th
Australasian Conference on the Mechanics of
Structures and Materials 1977, 1, 342-349. Tech.
Papers.

Watanabe F, Muguruma H, Tanaka H, Katsuda S,
Improving the flexural ductility of prestressed
concrete beam by using the high yield strength
lateral hoop reinforcement, InFIP, Symposia on
Partial Prestressing and Practical Construction in
Prestressed and Reinforced Concrete,
Proceedings: Part, 1980, 2, 398-406.

Fafitis A, Shah SP, Lateral reinforcement for high-
strength  concrete columns, ACI Special
Publication, 1985, 87, 213-32.

Mander ]B, Priestley M], Park R, Theoretical stress-
strain model for confined concrete, Journal of
structural engineering, 1988, 114 (8), 1804-26.

Ozbakkaloglu T, Lim JC, Vincent T, “FRP-confined
concrete in circular sections: Review and
assessment of stress-strain models”, Engineering
Structures, 2013, 49,1068-88.

Ozbakkaloglu T, Saatcioglu M, “Seismic behavior of
high-strength concrete columns confined by fiber-
reinforced polymer tubes”, Journal of Composites
for Construction, 2006, 10 (6), 538-49.

Ahmad SH, Shah SP, “Stress-strain curves of concrete
confined by spiral reinforcement”, In Journal
Proceedings, 1982, 79 (6), 484-490.

Lokuge WP, Sanjayan ]G, Setunge S, “Stress-strain
model for laterally confined concrete”, Journal of
Materials in Civil Engineering, 2005, 17 (6), 607-
16.

Talaat MM, “Computational modeling of progressive
collapse in reinforced concrete frame structures”,
University of California, Berkeley, 2007.

Park RL, Park R, Paulay T, “Reinforced concrete
structures”, John Wiley & Sons, 1975.

&=l -0

Deja ], Uliasz-Bochenczyk A, Mokrzycki E, “CO2
emissions from Polish cement industry”,
International Journal of Greenhouse Gas Control,
2010, 4 (4), 583-588.

Imbabi MS, Carrigan C, McKenna S, “Trends and
developments in green cement and concrete
technology”, International Journal of Sustainable
Built Environment, 2012, 1 (2), 194-216.

Rehan R, Nehdi M, “Carbon dioxide emissions and
climate change: policy implications for the cement
industry”, Environmental Science & Policy, 2005, 8
(2),105-14.

Gartner E, “Industrially interesting approaches to ‘low-
CO2’ cements”, Cement and Concrete research,
2004, 34 (9),1489-98.

Flower D], Sanjayan ]G, “Green house gas emissions
due to concrete manufacture”, The international
Journal of life cycle assessment, 2007, 12 (5), 282.

Glavind M, “Munch-Petersen C, Green concrete-a life
cycle approach, In Challenges of Concrete
Construction: Volume 5, Sustainable Concrete
Construction: Proceedings of the International
Conference held at the University of Dundee,
Scotland, UK on 9-11 September 2002, 771-786.
Thomas Telford Publishing.

Kumar AA, Santhi AS, Ganesh GM, “Strength and
durability of green concrete”, International
Journal of Structural Engineering, 2015, 6 (1), 23-
32.

Survey UG, “Mineral commodity summaries 2018”, US
Geological Survey, 2018.

Gordon RB, “Production residues in copper
technological cycles. Resources”, Conservation
and Recycling, 2002, 36 (2), 87-106.

Thomas BS, “Damare A, Gupta RC, Strength and
durability characteristics of copper tailing
concrete”, Construction and Building Materials,
2013, 48, 894-900.

Sultan HA, “Stabilized copper mill tailings for highway
construction”, Transportation research record,
1979, 734.

Kundu S, Aggarwal A, Mazumdar S, Dutt KB,
“Stabilization characteristics of copper mine
tailings through its utilization as a partial
substitute for cement in concrete: preliminary
investigations”, Environmental Earth Sciences,
2016, 75 (3), 227.

Qiu G, Luo Z, Shi Z, Ni M, “Utilization of coal gangue and
copper tailings as clay for cement clinker
calcinations”, Journal of Wuhan University of
Technology-Mater, Sci. Ed. 2011, 26 (6), 1205-10.

Onuaguluchi O, Eren O, “Rheology, strength and
durability properties of mortars containing
copper tailings as a cement replacement material”,
European Journal of Environmental and Civil
Engineering, 2013, 17 (1), 19-31.

Huang XY, Ni W, Cui WH, Wang Z], Zhu LP, “Preparation
of autoclaved aerated concrete using copper
tailings and blast furnace slag”, Construction and
Building Materials, 2012, 27 (1), 1-5.

Desayi P, Iyengar KS, Reddy TS, “Equation for stress-
strain curve of concrete confined in circular steel



Journal of Civil and Environmental Engineering
Volume 51 (2021), Issue 2 (Summer), 11-19

wn

University of Tabriz

EXTENDED ABSTRACT

Investigating the Effect of Copper Mine Tailing on the Stress-Strain
Behavior of Confined Concrete

Jamshid Esmaeili ¥, Hossein Aslani

Faculty of Civil Engineering, University of Tabriz, Tabriz 5166616471, Iran

Received: 05 June 2018; Accepted: 15 July 2019

Keywords:

Stress-strain behavior, Copper mine tailing, Confined concrete, Green concrete.

1. Introduction

One of the important factors that affect the concrete behavior is confinement. On the other hand, strength
and ductility of concrete depend on the stress-strain characteristics of concrete, which they are also influenced
by the confinement of the members (Ahmad and Shah, 1982). Copper mine tailing (CMT) were used to produce
environmentally friendly bricks instead of shale and clay by Ahmari and Zhang in 2012. Onuaguluchi and Eren
(2016) reported the properties of CMT material used as proper material and a potential additive in mortar and
concrete specimens. Huang et al. (2012) studied the application of CMT material to prepare autoclaved aerated
concrete. The sum of SiO2, Al203 and Fe:03 in CMT material is 81.88%, which exceeds the 70 percent
requirement for class N raw and calcined natural pozzolanas (ASTM C618). Therefore, CMT materials are
expected the proper potential to produce pozzolanas (Thomas et al. 2013).

2. Methodology

Four concrete mix proportions have been designed to investigate the effects of CMT material on the stress-
strain behavior of confined concrete. Ordinary Portland Cement (OPC) was replaced by CMT material at 0%,
10%, 15% and 20% by weight of cement. In this study, the coarse and fine aggregates were used Based on ACI
211 with a maximum size of 12.5 mm 4.75 mm respectively. For testing the stress- strain behavior was used
the cylindrical molds of 150 mm diameter and 300 mm height. The CMT-concrete specimens were prepared
and kept immersed in water for 56 days after one day of casting. The pitch of the spirals used were 75 mm, 50
mm and 25 mm (volumetric ratios 1.01%, 1.52% and 3.04%).

3. Results and discussion
3.1. Stress-strain behavior of unconfined concrete

The stress- strain curves of CMT-concrete specimens with various percentages of CMT material are shown
in Fig. 1. The results show that the strength of unconfined concrete increases with increasing CMT material
replacement level (up to 15%).
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Fig. 1. Relationships between stress and strain of concrete with different CMT material replacement

3.2. Stress-strain behavior of confined concrete

The values of the strength enhancement of confined concrete, which is the ratio of the peak stress of
confined CMT-concrete to the peak stress of unconfined concrete are shown in Table 1. Also, the strain
enhancement was calculated the ratio of the strain at peak stress of confined concrete to the strain at peak
stress of unconfined concrete (see Table 1). The strength and strain enhancement of CMT- concrete increased
by 1.8% to 2.8% and 0.9% to 35.9% when the volumetric ratio of confinement was increased from 1.01% to
3.04%, respectively.

Table 1. Effect of confinement on strength and ductility

Specimen [D Peak stress (MPa) Strength enhancement Strain at peak stress Strain enhancement
C-E-0 28.74 1.00 0.002025 1.00
C-E-75 29.29 1.019 0.002135 1.054
C-E-50 31.38 1.092 0.002825 1.395
C-E-25 38.71 1.347 0.005075 2.506
T-E-0 33.35 1.00 0.002225 1.00
T-E-75 34.58 1.037 0.002365 1.063
T-E-50 37.60 1.127 0.003512 1.578
T-E-25 45.87 1.375 0.006375 2.865

3.2. Stress-strain model

In this study, the available models for the stress-strain behavior of confined CMT-concrete was compared
with the model proposed by Mander et al. (1988). The result show that the stress-strain model proposed by
Mander et al. (1988) can be used for CMT-concrete with a modification in the curve fitting factor (r).

4., Conclusions

1. The strength of concrete increase with increasing CMT material content (up to 15%). The peak strain
also increases with increasing CMT material content.

2. The confined CMT- concrete appears to be suitable for construction activities design since the spiral
confinement improves the strength, strain at peak stress.

3.  For CMT- concrete confined can be used the stress-strain model proposed by Mander et al. with a
modification in the curve fitting factor (r).
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