W .u

ournat

PFALl VAP 5o ) oylot cpdadd 0598 v o O 308 (wihign (i g 39 — o Ao

bl 5 SO (S ol Ola 05l Ol 4 5560 AL 2 Sl
o313 IS 5 Loy damn (G101 Sl ¢l 5 Al el demes
Pt Sl iy sl Ol 53 5 sl ke 3 Shos iyl
o5 B0 Gl e a3 L s
N353 g P s 5 VB (et DB (oS 5 e (e L 5 e 5
w3 Glam s sige ool e ple e
s o ez Sl (g3 )3 Sas 5k 5 S S bt Ll 3
o Gl oS3l 23 e
31l Sras Lol (B30 SU35 55 Sl oslinal b (o (gl s SLol2
b Glery Obla (B, 5 Ol e 155,0 Lo,
S O b s SB gla et (551G 53 Sty Ol A i;“\if-:bji SR
’ S Ssams (S35 - dare
ol JUIS 53 s sl 0 Sk 2 s5lr e edid 5 St Sl 0 AEELST sl sl
3R demmai il (o o3l ol (e o35 e g
SUaly o) i S s o 3 43585 slalase 35T il )
LS el Gt 85 Ol s
G saolestle oo Sl oMas Gla GiinS o)) Silag o3 4a)l o @, 3,8

L3l e of
L;)J_J.a}ii5\,}:\.55;/&J)wajquwjlﬁw,@@‘)wuﬁ&ls _ 7 “'AJ}S)‘};‘U:L;U.:»E;J;;.:\:AQ
daas (ol S s gy ol A5

3o Oladl gy 4 Al 3 S o)jjc,,:&j;uwjﬁ:o;u?s,;wmg

P P 2pms (G al

b AT o sl 3 (S Plas Sle Sl

38 el s e

138 T s JSE U ek LIS 53 O Ole 2 sVl 353 30 30
Sl s 033U i3l erkie Aol

bl LSS longy s b ot b wi gy LSl IS8 5 (50 5 S Sleag
P SN e dame 3 B sl

S gls el Ay Ol ksl 53 plas s s LIS lidss cilasl

T I WA I B

Sl JulsS o S5l eakinel b o3l sy, Jlab J 28 o1 b

o Fad U (S sl

S e o slael iis S cs 1) 5l Je

Some Glalen 3 gm0l 516 Lo,

Do QLI sy s3bdde SaS w oly llias lasls bl 03 ) sl s
e e RN U

s lie 5 ol Bl s (sba e (555 Al Al l 5 4Kl O ass dne gileesly Sl il
o e

£5 S 2 b B i ) sy s e 50 B s

Shol o (§) p2in (et

g LI 35K S S (sl S dbe L

Pl s (S gorge LSS sdew

S L gla P by sl s W35 (6 il S

ol 5 grn (golail Hlse (Gl Lo,




QI Olpes g — ode dxo
Gugde G i oA Caws ) Jasas g () jas ceudige 0uSinly

(U yde Som i olRils lyas cwdige Sliul) goeiils oo 3 2S5y
(e Som i olRails lyas gwdiges bl Hlawad Sgrus 25

(Loydo S i ol8ils = o jae  cwiige Sl
(Ol Core g ole olKails oyl e (siges ol
(Loydo o olBiils ol jee cwiige ol
(Olpl care 5 ple oliils e gaige sl
(G yd srio RSl ol jee cwiige Jloisls
(o yde oy ol&ils - )] jos oy R
(Loydo o olBiils ol jee cwiige ol
(Loydo o olBiils ol jee cwiige ol
(Loydo S i olSils = ol joe  cwiige Sl
(Olp! Caro g ple oBiils ljae cwdige sl
(Loydo oy olBiils ol jee cwiige ol
(Loydo S i ol8ils - ol jos  cwiige Sl
(Oly5 oBisls ol jee cwaige Lol

(oo o8l lyee (wiiges Sl

b il azlgs o8y lpes g Lot
G el oBils - gl yae gmiigeo Lol
(Loydo oy olfiils ol ee cwdige jLoils
(Ol oRasls oyl pae pwdige Sliwl

oo 5 oS e
Slgaol o0 Lo e

S 5 e oK LS
e a5 oKl (sslgllne
ol o8l e

e S 5 oKl
oS el o8l ) 5enls

o S 5 oKl ols e
i oK s

L st 5 I
St o oSS (e s

oeode a3 o8 (cpllles

sl bl S5 5 gdama Olgr aible Ss

&Wl
Ll
S5
St

o1 A6
sl G
Ol
S
=23
T
S5

s (Al
3 ALs

[

‘_g/wa Oduxw

e S 5 olKils bl colo
Jagmmo po0

Sy

letzs> 1,25 (SIS y e

B dezme S5O a5 o5 ol
ol S8

51 e iS5
Aoz SO

Sgrs iSO
Jadllgl S
ola,d S
RIS
Sgaze iSO
Lo, siS's
Sgras iSO

O S5
Els Ss
Orart S8

ozl a1
Olaze a8
Ololel Sem 2SS
Golo sz S0

oylod oyl oyl ygls wln

e S o8 S| e S S
e S oK (e S|
g Rl (e sy

e S 5 oKl b s
e S S Ll (Bsls LESH
Ol ol ((sdgam IR

e o5 oSS iy Sol
e g5 oK o e S
3t o8l (L3 saen sl

oo S o Rl ¢ Juadll s oslyo o
sk el el oK G ol S
orode a5 oKL g ke bl

o 9 ol Hlewl g
szl i,

@)l amiio g Sumds >
¢l ,bU

s l»;

[FISSPERIvS

G azmo 5 oyl pas (gt 0aSCASIS (L yde Can i oBils ozl T g oyl pez g o 55 ables ol ale ydo JSLAS

oo Gl chRgh  sals dlme 8o

YY) AYAAFAD: 555,00 5 5al A FIVD FAV i Sy eoio

civiljournal@modares.ac.ir

35 o0 43led SID 2zils slg §ISC sole laolly ;o 4 i oyl



CSgal &,S5 1 ol asl ol

J,UJ

U

LTI

N

ez oobe Ll

5 ey A tags ke e b5 e S5 oLl sy sl s Oladd e ol
quwyuw J%J;.C)Ue@‘bd\ﬁjk@j@@f/\\/\'\ri o sl ML»QL
éJUJJ /\/\/\frTQ/\o‘)Lq_\iﬂ\_!bwaw‘)u&‘ ‘L“ﬁﬂ 4@%&‘ Ju)“j&iﬁjﬁ C)‘)b‘j 4;")‘.9}».}4:!

Sl onS )QL«.& VWYAAMNY /)

PRAED 0593 ¢ puyde O o pdige A g5 — |







( QY&@;&}%@MB \
Asbe g 3 OlK 4 SV Jluyl 5o sd o Lo ol 5 05 3

sl ey cllzes ey 0L
Gl o3l ((Sosdes sls oile Wi ele) Sy lams 5 Olyes widige Re) 03 OBMn B b edin B G ol 5 sk Ll oV Y
il e Jly) s 0ln 45 Olojon b 4l el Bl S5 5 0351 (G Lamn 5 ST 018 5 o (305 40l el 50l 5 S by
Lgd o e 43 33 45 abiee > Ol JB SV Y
T35 e dlis Slmis 2lad) amin VY s Sl (OF Jslas L) aods ¥ore 15 Yo e BBl b sy el OV Ltags JelS SV Ll
(a5l
(A3l 35 3o lie Slomios slAa) amio Vo s S (OF dalae L) 4alS YOr e STam L L2y oo Ve L2y oS slezilasl o
A dalsst amh s Cm 350 K 45 n gt Ve Cmlo 5 oo jzee 080 5 5 (Review Article) (¢ 0 wVlie ) o a3
B e w3y da 5 OV Y 6 paS
sl b3 gl Jis gl b Il oV ¢
D13 dge b 5 JalS L 0B iy 53 51 G o Blite Ao ol 8358 asiie ol b DL 1 sdge Sy 5 0L (OB b 5) b e 55 0L Al
(S5 g 5 S8 ol (Gl el LG
S €Y S ¢ S 0L 4 OB Sl pb oY w4 dlas JalS Ol ¢ sl OB S £ )l 808 1 )6 @ Wi LS Olge o
oY O
e e (SNl (S S (S o o (o s Wl 2 Jol8) Wi By candie
b &l aadS 00 Blus 5 amin S Slu- sl (Extended Abstract) dlis o0 S s
5 el s s e 0 ) I a4 ol Dl 5 el 0L D3 Ly 5 B3 alas b ol DSl 0
Yoo Cf»:éS‘J.uJﬁﬁud)—b.L}»ﬂ‘db)‘-@Q:uJ»ﬁwsf«,ﬁj@_b)Wd:—;wﬂoMu)‘éﬁ}u&(«i‘ubk:w&m‘h 1
IS5 53 5,8 513 T L5 5s Sl st 5 VL 5o sl sl da S 5 s Jadr 53 el (6550 JeS| laes 55 ddr 5 ol S50 4 AP
AL Bl 5 (g5 ee Hgoe b lais s ISK2 5 55l Do e IS8 5 e i 305 eslinad (B (g3 pes 5 a1 b gl 5l s Jsdr 5 s
5o (References) eSSl e i Dl gie el (6555 Wl e 53 5 peh S5 4 e O3 ged S b 5 e 53 el e G5 e s Y
EYPR-PR-
el 5 e Sl 5K st A
Sl o5lad LA sl AL pU G2 e 0o 5 U SOS b (0B diy 55) ey 55 oL ¢ Sl plils il
Slio ojled GLaS! Ol (W) 053 1 125 oL sallas Ol 50 (O s §) odws 55 el (Salgl el o
52 0l S Sl g s sk 5 5 b O 50 2 Word 2007 ;5! pr s Y <3 B Lotus (.L;LLSINGLE Dskew Ol Alols L b VL. 4
Gl K0 sl o e US Lis U g |y Wlis Lol 5 b e adS 5 axzle L3 oal 4 e o oK1 cole b 25wl
Lyl o8l S, Wbl G b Sl sy
s edge Lanaly sl 1 555 o iz ol 5 g 4 il 5 Oyslie dezaly sbial U b (685 Ol peils Doy 5 4l OLY 5l 43,5 5 SVl N
g Ll bl Cdlge 5 g s
25l (O iy 58) sy 58 edge s i 5 Cms il g )

Syl o Bgdma 555 6l |y OV J53 L 5y G e Olpes pwlige a5 oode ddoee VY

dowe s glisw
e Oles g ede dlme 85 (o lae 5 Ol jee ordige 8USEIS (e Sy S oK et JT 5 Ol o g oS5 éobu Qe
AYAAEQOY : sla 5 dls VEVYO VEY 2y Gyl
http://civil.journals.modares.ac.ir :« 5 slle sl
civiljournal@modares.ac.ir : <o S ey

555 o 0l SID a&ils sl 5 ISC ale SleMbl sla oL s 4,85 0y







Y4

Ly

oy

Ao

va

A4

VYV

\Yo

Veo

Yov

AR\

A&

14)

AEAN

YyV

YYY

AfAN

YoY

ARy

S
@bl 5 S (K5 Sols p Dlasw 2R Ol 4 s ASU 2 S 30

033 IS 5 Lo,y desee (2l Slgd ¢ ol 5 )] el dees

gl LS 2y sl Oy 3 A5 la i 5 e 4yl

onA Lo (Gl b e 3L LS e

MN503 2 B ol 5 63V B (e QU (oS F e (b N 1B, o 2

Bl 3 Slas ) e Jsl (2 ol A

s 8 (e sl (sl 3 Shas gl 53 KIS ojls Sasls L)

ot amle (S35l e

351kl et Sl a2l (Flas Sl o5 5l aliinl b g 5 (glads s Sl

Gl lars Ol ¢ 35 5 Ol g 56,6 Lo,

S Ot b s (S Sl ()l 53 (S Ol AU A&LLT )

G 3 mmn (S 258 (o dases

ol JUS 53 iy p 3 bl 28 Dl ks (Sr o gkt 5 (Sdsdkes Slasite 6 ARG LT ) 1S lados Cablasl
38 demag il aime 033 gl e dew o3l e (e

SUpal bl s p (S gt D 53 655 ,5 sladass sl51 2l

Ll ol s b Olasiasms

2l GOkl g5 Bl lhed sl Ciie 503 53t 53 40l R 4y 3l

S Ger s DA (9350 s Sl (53 K05 oy (2T 0

Gy JSa Lol 3,505, b (ol 4 bl b K5 ek o 5 gl SIS b S S s s s A ST g cilasl
e L7 ol 5 s el 5

3o Ol g, 4 (Al lags3lus, (3,558 5 2 5o 033 Er 8 AU oSl Sl
A P s pae (Gl alb

AEELST gl By, b (Alal cp sbay, 55 (S Blas (Sas0l e b5

=338 el sds s

Suds s 5 S5 U alaie b JUIS 3 0 o Ol sVl 353 3ds 50

Ol e 033081 il adae dal

Lojle JolSS ilusng ) b b5 b da gy gaosle JSo 5 58 Golusng

i o 5 L sle b

S g 3Kad Al Dl kel 5o pLid (555U 5,8 1 Fladed Cilasly

O sl b ¢ okl ilae (oLd dla

s JolSS o, K 31 osliil Lol sty Jb )5S o1 b

o e Lo (58 sl

S e 7 sbasl (23S Faicsin ,B; g5l Je

Gleome Gllalos 3 me ol G146 Lo,

e Ol i) 4 5ldde SaS a ls Alae lajls mlad o5 ) @jles asels

el e u s

T 28 amlin 5 55l58p 5 e (sla s (555 2les 4b @l AKE Do By, deg (s5loaly 1 Sliios Sablasl
(s e B

pr S 2 o B ) s g e 55 B

Sloml Bl () polin (oo

Soe AU 5 Sy s B e (sl 508, e &1,

Al sy (S LSS ol

a3 p0ke (1 OB s ) sLols (55, A3 (BB adlge S

Solail 3 gmn o5 ,Lail sl Slay L,

R{FPM






R~ wl.ﬁ s
o Ol pes (puiige
ATl ) oled eaiia o0

P18 3 Oloaw L g 4 (5 pew WHOL X S WG
o™ (UL 9 Sl (S 38

ro:‘}és_,s Lé) oo aﬁuﬁ‘: )L.g.w b g\d‘; .Lf-’a)| Q:'.““ Joes

.L@.«.:;.A ijbj_é cli.:u.b (s ) ‘}G.:N—d\jq.c w.b.@.ﬁ .L.i':)\ J.»:L.J:)ls 6)’“‘;"’") -\
J.é.:..ﬁ w}.}ﬁ GK.:.J‘J 4;)‘}4;.5 ‘;.«:Ju.@d cjjf ‘w.’w@,& aJ&..iJl; )L“.oi.;‘.) -y
.l.e.iﬁ L;\A)JJ.; OK...:;.;\J LO\jA.S; J.AJ.A.@J °ﬁj§ cww am\} )L{JL\M\ -Y

*Sdanesh@um.ac.ir

[/ AT 0 b

[48/ /¥4 12l b

T O 3 o 55 ) D poe St 5l (S 25300 5 02 e 5 B U (548 IS e T3 o -0y
o=l f b sm el Bl 51 e ekile BL S 5leslss numu_du;g,f% oo ol kel Sl (6550 sl ke
oS5y Oloeor br g oo 2SS0 3 s o) S oot 5 (S Sl S s lebid esdle (Rask
Sosldas o (G35 23 Vo 510 A0 ) Sl Ciliies - glane 1B s 0 BLEST ol 3 el o bl 5 SIS (S5

L;‘,’.)-<il—> )_?\ Sbe olas ool s “ @Lb WY 42}'.)).4 (+/00 9 /80 L /Y0) ;;’L"‘?‘"‘ J‘}A “ u]w_g ()"5) YAY 54Y YA V)

Sslize SLLS Gy VA 54Y) Sde a5 Gasy YA s VIS oS ()5 Jas s 53 (gLid Canslin » Olosw sl 4 o2 2oS1

S do3 Y=Ne 5 T=V0 BT h o3 dous 53 5 4 /00 5 /80 ¢ /F0 il 3lss 4 Of e (5l 0355 YA (L3S e slie ol

by o Oleos Sl 4y 2 S gum s Y J‘ﬂ}iilq-@‘}?lfd\;j‘o ﬁﬁb@oﬁﬂiduubﬁgOl;.wl»u«ij@j\

G a5 L edaliiin dioyn V0 0 580l el 5o (olid Canslin o s Gy VAT ) e 503 53 J= ol Lo
G ol s S b il el n (SOl n s slie 5 Rl s Ol ee Oles sl 4 o peSE Sl
e G luaid oS 5 Vi dlse o o3 s 3 Sleww 3ol Olgie 4 x2St Sl oS das e OLES

2l Sl (bl (sl Caslie (o (s s ML ) 2SS O 519

ssb 4 S8 O 4 Dslee e L dgte dile (6 68
B R LI S «5))%07 Sl by o L8
s i e A gy e sy b4 oS
e o e 6l sl (6351l SO Ol L dal g
SLags,lS 6l O Jeily 4 a5 L (6,00 DL
ol SLais) 5l S ol el e sl el
a5 (Sl S 5l (Sl 3 45 DL (el s

S el s L oT 0l 5w« Jslize 55 4l

doddo —
S Sl il Sl (2 3 parme o8 DSL 2)
) s 155 350 g A5 NS wdas ALl b
sl palds 035 Lls s 4 i 4 (6 40 DLSL
Mol sl 5505 e D3 bt al5e a03 5
baga 5,50 s a1y ol ae o s Jibee Ll 5 8
Y0 s pum codd A5 el 53 55 50 dalor 5l g &l ) 5

6\J_1 Jul_w‘u_l‘ﬁ[l] w‘o&;&)‘;)j)).} CJ§/\°



b‘)&éﬁ}&l; EWH w\.&.w

o Ol (R Ol @ (668 AL (o S 56

Mo (gHlld Ceglie (o] 2SI e a2l
sl 5 [13] OLSas 5 0L J13,7] b e Sl 5 Slans
(o S e gam s 3 Veemkg La Al gl 4 S
o gl b e Sl s e LB (ol sl
S el OF 5l SU=[15] ol an 550 5 [14] O Ken 5
el Ole Sr & o St 30l ol 53l
Sy e ST ol 5 IS el 153l
L Olarwr 5030lr 6 0ol (203 Ol 53 0556
I i REL LI I
o) S L Ol 5Kl Al s Sa b e
o=l o3 el bl (ST (S5 gla el
31000 0) Sl il gl R ) 2 4 LI
5 Gas WA 58 ALY (ool Jmas e (335 Loys Y
Caslio 0 (/00 54780 0 /Y0) Jlau 3l ge 4 Of o

.M&\:ﬁ&gv&iﬂh}_)u)uﬁ) }.>J>u '"‘L;)Lié

by wey 9 3lg-Y
St Sl ol Sl 15 Sl s el o3
A Sl a5 S gl s e S
5I8 il amys Ave las 3 bacyaed ol s exlinal 5 g
BEIUN U 2- UV | ORI WY b PU (g;.oLwG:.é Sl )
Csby A 53 laer b Oll gtk 4 0 51Gms
slge) hme slge Ol 5 Aos3 TE ol ot (g5l o)
ol gl 3 o3 Tl 0Ll g 51 OF (2ol
33 e Al Olagw Sl 2 S oDl s slad sed
mbsdse 5o Sl 1B Gl s S sl S8 e
ol p L slodiS Oly) B8 5l o puS (g5l sla
055 L (ol Ol 255 &S 3 J gams) P.C.5000
(s by LI A eslizu] 55 V/0 0 o sass
O Lo anSo a1 o VY/0 o3l a iy lyls
Ois L arnsls anb anle 31 ioman 35 Y/OA o suaske
s BalaKans (duails omie S e3lizul Y/ o sasin

&;«w\ ol 4{_‘)‘ (\)L}&;)bgbéubjbu k:,.?-L»l

Lo, 538 53 0l sl g o Ol e o gad Olgie 4 o
LTI 7T SR F A SRS SV S C O IR S IS N
S 0l s (Il opl b sl (s 55 o2 e 1 s
Sl dess Yomte spde oS | s pd i A LIS w5 35
O g 3 o8 Wloon L Sl S5 4 o il 5l 5
ASSTI2E 20l Jlis a1 (Haoms a5 Sl blis a0 )3
L Ko s il e )8 b rSlE ol
W5 5 50 aen s SUT 050 5 0350 0T kg w5
a5 e |l aS Glag 8 5l S sl 2als 1 Lol
Ol o) eSSl aslinad s S 515 01 San s
.w\@wbéw,\;j&lﬁouﬂj\&:gwﬁtz
SIS S 4 Al Olerm x4 ) 2S5l

5 SELSe (s Gla Sy S comse 8 3y ol
Lossis on b ot a8l Olars 5 e &Y yoams LU
S 23l Ol oo ) ol 53 e el (Slala g5y anllas
5 S St S Sk NS G Jelse o e
(Sl dops il b bl Glare DY e LY
bt SLS 5 5 S350 (o s sl e
[5] OLLSan 5 &5 [5T] Gl o 2SI 3 34 40
S8 0lay Sds 5 oyl 4z 05 YL oS Ll s
ol M wds SV b (g lid Coglie oy 5S 5>
Soks ay 0ds plowil anlllas s o (111 ) Sl
o2 S S LS sl OLis [6] O 5 e
Cd i S b e I ol 5 sl 5 S sbeobe;
Gl sl byl (g 5Lis Cunglio 45 das o OLES o]
O plead 53) dald e ped Ly aslie 3 o S
[11] OLKen 5 Sk S [8-10 6,5] ol S (55l Jos
Y0 Sl Lol o, YA (g lis Cnglie oS il s
WA 5 A s 5 4 Olew sl an () 2SI s 00
s 8 ol b 3 cpl il dald & el 5 2eS Aoy
Coslie 5o 1y gdmyn VOV LAY al531 [12] O
Ao S edalline ) tlS ds s V0 gl OO (g Ll
s b sles s b ped sl Jes 4 Caglie Sl !

L asS ol yasedn ool g osdle il aals cad 5l S il



“’A-\JL«/\ A)L«.i/v.hw 092

rote Olpes (i (ot 55y — (elo alns

(V) Jsd s Bl slaslas s |5 gl 51 S pa
LAA_;}N Lg)jTJAs«jé)L«: bJLAT ui’ji’: el ol ebjjT

[16] s S ¢l ASTM C102 5515kl L ollas

Caslio (i S 0l slaymlasl 5l iassy ool o
o Sl ey Caslie 5 3sh LB glab (e (gLl
oo S Nasp ks oLl Gl pbeolas Ol
Oley s sslial o byl 53 Olew 5500 Ol s
L Goldae OSSO Sl eslinal L olgs 5 adsl (5,5
@l [20] A3 plosil 51,5 a5 ASTM €101 51l
5558 B lad e (s)lid Caslie sla bl ol
05 Ganke V0 ‘;&m'fjwjl oS e s S gl
Cooslie il s esliul 55, VAT 54 YAV o
W3l S 8 e (S5 o ol Sl eslinal L) (55l
5 [21]1 BS 1881-116 s Il ul 2y, l_wl , (SH300
S8kl iy ol 56 35 LB gl s Silesl
122] A plnil ASTM C642
4 e dmbo 93 o S S ey sl sl
QJ_EJJJ:*AM\VSQWWJJS)UQYJJM
S e glie s esls )3 b e CE.ALCLM\ A_Sfﬂ
Gilsun, DT-) e ol oS> G 31 oslisul b amis 53 o
3 &Sl 35 Ve LS B 5 s OL 2 L (700D
o5 Coaglio an ) adaly (galws 4 odal ows 4 A

A s S Sl

RxA
= M)

Pemm]

o= @D (S5 80l o3 s Caaglis po VL bl 53
(o) o el oas (655 51 e 2313 S oSl caslis R
aS Ao 53 e sl L (e 20) 6508 o A
e S e ol sla bl ales s ol ()

ol ol 35S 5 b ol 4 Olse 4 oaSe s3]

O K (sl wils e =) IS

100

Passing, %
(=)} =]
[e=] [e=]

.
[e=]

[
<o

0
0.04

0.2 1

5 25

Sieve Opening,mm

Fig.1- Gradation curves of aggregate
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Property method/standards Manufacturer
Density ASTM C188[17] Azm;’%‘ CE-
Particle size Laser aranulometr Shimadzu
distribution g Y sALD-2101
ASTM C204 Azmoon CE-
Specific (Blain)[18] 120
surface area  Brunnauer Emmett Bel Belsorp
and Teller (BET) mini 1l
Loss On
Ignition ASTM C114[19] Azar Oven
(LOI)
Moroholo Scanning Electron LEO VP
P 9y Microscope (SEM) 1450
Chemical X-ray Fluorescence  Panalypical
analysis (XRF) AXxios

Tablel: Laboratory methods and equipment used to determine
the physical and chemical characteristics of Sewage sludge

ash(SSA)
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No. Cement[5] SSA[4] Water[3] gpx» Gravel [2] Sand [1]

. 400 [10]  -[9] 140[8] 1 sw6[7]  s27[6]

, 380 [14] 20 [13] ., e15 [12] 825 [11]

. 360 [18] 40 [17] 5 e13 [16] 823 [I5]

o a0 22] e0 217 0 L6 sw [20] s22 [19]
140

s 320 [26] 80 [25]

, 810 [24] 820 [23]

6 400 [31] - [30] 180 [29] o5 770 [28] 780 [27]

;380 [35] 20 34] 0 g6 768 [33] 778 [32]
s 360 [39] 40 [38] 0 og 767 [37] 776 [36]
o 340 [43] 60 [42] 0 o9 765 [41] 775 [40]
o 320 [47) 80 [46] 0 1, 763 [45] 773 [44]
1 400 [52] - [51] 220 [50] . 723 [49] 733 [48]
12 380 [57] 20 [56] 220 [55] . 722 [54] 731 [53]
13 360 [62] 40 [61] 220 [60] . 720 [59] 729 [58]

14 340 [67] 60 [66] 220 [65] o3 718 [64] 728 [63]

15 320 [72] 80 [71] 220 [70] o5 717 [69] 726 [68]

* Super Plasticizer

Table 2. Mix proportions of Treatments, kg/m?
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Table 4: Chemical composition of SSA in current study
compared to other SSA found in literature and cement
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Abstract:

Drict discharge of domestic wastewater (sewage) to the environment or into absorbing wells has caused
many problems including surface and groundwater pollution. To reduce such problems, the number of
wastewater treatment plants has increased significantly in Iran during the last two decades. During
wastewater treatment, a significant amount of sludge, composed of organic and mineral material, is
produced. This sludge, if not handled and disposed properly, can create serious environmental and health
issues. One environmentally attractive way of dealing with such wastes is to use them in different types of
applications. In this regard, many economical and beneficial methods have been developed to reuse sludge.
Incineration of sludge for energy recovery or the use of sludge ash in cement-based construction materials
are among these methods. Sludge incineration produces considerable amount of ash which should be
disposed. However the ash can be used as cement substitude in procuction of cement-based material. The
subject of using sludge ash as cement substitude has been investigated by a few researcher with the
conclusion that the usage of ash can affect the final cement-based product quality. Based on their
experimental results, the use of sludge ash tends to decrease the workability of fresh mortar or concrete, and
to increase the cement setting time. Also a decrease in compressive strength of mortar or concrete was
reported. However, it should be mentioned that no research has yet been done to investigatethe the effects of
sludge ash replacement on mechanical and durability properties of concrete. The main aim of this study was
to investigate the effects of sludge ash usage as cement substitude on physical, mechanical and durability
properties of concrete. For this purpose, the effects of three key parameters: replacement level ( 0-20%, by
weight), curing times (7, 28, 91 and 180 days) and water-cementitious material ratio (0.35, 0.45 and 0.55)
were investigated. The sludge used in this research was obtained from one of the local wastewater treatment
plants, which subsequently was dried and then was incinerated at 800°C to produce ash, The ash was in
general, made up of irregular grains which were aggregates of smaller particles. Also, the ash was composed
mainly of calcium, silica and aluminium oxides. The results showed that increasing the amount of sludge ash
induced higher mortar setting times as compared to the control samples, using Vicat test. The effect of ash
content on mechanical properties of concrete samples was carried out by compressive strength tests. Results
indicated that for 7 and 28 days curing time, concrete samples containing a mixture of sludge ash and cement
yielded lower compressive strength values than those samples using only cement (without any ash content).
However, for curing times greater than 28 days, the increase in ash content of concrete samples (in the range
of 0-15% by weight) led to an increase in compressive strength. Water absorption and electrical resistivity
tests were conducted to determine the durability of concrete containing sewage sludge ash. As blending
percentages of ash content increased fom 5% to 20% (by weight), electrical resistivity of concrete samples
decreased for regardless of the applied curing times. This phenomenon might be the result of increased
porosity and material ionization.

Keywords: Municipal sewage sludge ash, Concrete, Compressive strength, Durability, Water absorption.
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Table 3. Shear stresses at failure for different suction values
(data from Schnellmann et. al, 2013 [11])
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Table 4. Shear stresses at failure for different suction values
(data from Vanapalli et. al, 1996 [12])
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Abstract:
Shear strength is one of the most important features in mechanical behavior of soils. The shear strength of

unsaturated soils is still a controversial discussion among the researchers in this field. The methods of
determining unsaturated shear strength are classified into two major categories. First, two independent stress
variables known by matric suction and net stress are employed. Further, saturated and unsaturated strength
parameters are considered to be independent. In other words, as soon as the pore water pressure becomes
negative, the saturated effective friction angle and cohesion become invalid. This approach became
significantly dominant since the validity of effective stress in unsaturated soils was questioned, as it was not
clear how the collapse phenomenon can be described through effective stress concept. In the late 90s, some
researchers referred back to effective stress concept and some ambiguity in explaining collapse was resolved.
In this approach, effective stress is the main stress variable. Net stress and suction are combined into
effective stress. The saturated and unsaturated shear strength parameters are assumed to be independent, and
there is a smooth transition between saturated and unsaturated soil modeling. In this research these two
approaches are compared by means of unsaturated direct shear experiments and some relevant experimental
data from literature. The advantages and shortcomings of the mentioned methods are analyzed. In the direct
shear experiments, a wide range of soil suction was applied to the samples. Therefore, it is possible to
compare the effective stress and independent stress approaches in a wide range of suctions. The suctions of
samples were measured by filter paper method. By plotting the failure envelopes in two approaches, the
advantage of effective stress approach over the approach of independent stress variables is obvious. This
advantage is especially drastic at higher suctions. The experimental data from literature similarly revealed
this result. Thus, it can be stated that effective stress approach is simpler and less time consuming since the
failure envelope is an identical unique line for all suctions and strength parameters of a soil at saturated and
unsaturated states. Contrary to independent stress variable approach, it is not required to measure the
strength parameters at various suctions. In other words, if the effective stress is properly estimated, the
unsaturated shear strength can be predicted straightforwardly. Effective stress parameter is the key factor for
appropriate evaluation of effective stress in unsaturated soils. One of the highly cited proposed equations for
effective stress parameter is verified by experimental data. The values of predicted effective stress parameter
and the values measured from experiment are plotted versus suction. There is a good agreement between the
effective stress parameters calculated by the equation and those measured from experimental data. Therefore,
it can be concluded that the empirical equation can accurately predict the effective stress parameter. It is
worth mentioning that by normalizing the suction through dividing it into air entry suction, the effective
stress parameter versus normalized suction becomes a unique line, regardless of soil type. Thus, the effect of
soil type and its structure is normalized by means of using suction ratio.

Keywords: Shear Strength, Suction, Effective stress, Unsaturated soils.
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Structure  Section

Story  Element SME! (cm?) Rebar  Steel
boundary  SW2ECWE  74X40 16020 50
1-2 wall SW 64X30 14220 -
CcwW 426X30  56@10 -
boundary SW&CW 74X30 12@520 IZPZ%
35 wall SW 64X20 10220 -
CcwW 426X20  28@10 -

1 Steel Moment Frame
2 Slit shear Wall
3 Conventional shear Wall

Table.1. RC shear wall section properties of 5-story structure
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Structure Section
Story  Element SME (cm2) Rebar Steel
boundary SW&CW ~ 100X80 48025 LF;%
13 wal SW  925X40 26020 ;
cwW 400X30 54014 5
boundary SW&CW  100X60 22520 '32%
4-6 wal SW  925X30 20220 -
cwW 400X60 40010 -
boundary SW&W 100X40 18014 IZPZ?)
7-10 wall SW 92.5X20 16316 -
cwW 400X20 2610 -

Table.2. RC shear wall section properties of 10-story structure
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Fig. 2. 5- story steel moment-resisting fame with RC slit shear
wall besides P—A column
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Fig. 3. 10- story steel moment-resisting fame with RC slit
shear wall besides P—A column
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Fig. 10. Fiber-section element model for RC shear walls [15]
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Fig. 4. Details of the RC slit shear walls
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Fig. 5. Details of the conventional RC shear walls
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Record Magnitude  PGA Distance
(Ms) (@)  (km)
1 San 6.6 011 317
Fernando
2 Landers 74 0.136 21.7
3 Northridge 6.7 0.163 24
4 Northridge 6.7 0.37 26.7
5 Northridge 6.7 0.036  32.3
6 San 66 0102 374
Fernando
Cape
7 Mendocino 7.1 0.154 44.6
Table.3. Characteristics of earthquake records used for IDA
analysis

|8 Saolod fudoei —¢
€ a8 Cnl gl e SO il Sl 3JGT
3 Shas it e 3550 sl Ak Sl o 4 SSU
oS sl e Lol 03 5 IS @ (slo3 ) slasl o Lassla
ol ol Lol gl A el glas, S g
ALY e 03 o8 LAt (B e A i 3 b8
sl age b Ol s dlie pl s S iy oS

33

et edhe L0 st el e 5 a0 st Ll
S GRS S 035 )Lt (Shsme Sa U o
R S . SRRt
OB Sy IS Ll Rl WS 50 Ol 4 A
AN el blaze 5 5 5l Cas 4y gl 58, 5 AL s
B b GSledle Gl 3 (o J RS 50 e
o3l | O g sland 5 OWl 51,58 5 515800 5 5o Lad s
RGO PR
sl o (i Jld e 51O g3l doe
FSis SVl O OLIL G lans, Ol adl e 55 5
Sholass & o o e dﬂ.;.ﬂ Glaa, Oldl js 5y 5 s
m)ﬁ@éuﬁdu‘;m}w\eu e 5 nazls
Vb Juls oglans Flas pmder Ll s ola ]
(1)) U8 358 e eslimal [2LS L 5Y 55 5 5lS Oy

[15] das o 0Las 1) O g ol sledde S8

[Vo] Osm g3l Je (VY) K2

Plastic zone

2

Plastic zone Elastic beam

( et

Fig. 11. Column modeling [15]

[Vol & sle Jae (VY) S5

Chord rotation

e ———— — —_

FEMA beam components Stiff end zone

Fig. 12. Beam modeling [15]
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Table.4. Coefficients of Krawinkler relationship
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Base SMF+ SMF+ SMF+ SMF+
shear Case RCSW RCW RCSW RCW
5 5 10 10

Demand 11156 12440 16827 17253

Ve Ca(ﬁ’_f’}sc)"y 17964 13943 21150 17449
(kN) Capacity

o) 19173 20331 28707 21969

Demand 4381 4366 4654 4568

Vy Ca(ﬁ’_i‘sc)“y 4838 3406 5447 4838
(kN) Capacity

) 4900 4560 5887 5112

Table.7. Elastic and yield base shear
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Structure Target Roof drift ~ Roof drift
story SME drift ratio ratio
(BSE-1)t  (W-LS)2  (W-CP)?
SW 0.0078 0.0093 0.0098
5
Cw 0.0056 0.0056 0.0077
SW 0.0088 0.0105 0.0131
10
Cw 0.0069 0.0072 0.0091

1 Earthquake hazard level

2 Performance level for walls

Table.5. Roof drift ratio and relevant limit-states

Type CASE T(S) 0, 0,

Demand 0.004 0.0078
SMF"'?CSW Capacity(LS) (58 0.0042 0.0093
Capacity(CP) 0.0043 0.0098
Demand 0.0025 0.0056
SMEEROW Capacitys) 0.43 0.0025 0.0056
Capacity(CP) 0.0026 0.0077
Demand 0.0041 0.0088
SMEFRCOW Capaciys) 1.1 00043 0.0105
Capacity(CP) 0.0049 0.0131
Demand 0.0034 0.0069
SMEROW capacitys) 103 0.0034 0.0072
Capacity(CP) 0.0037 0.0091

Table.6. Ultimate and yield roof drift ratio and relevant

limit-states
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SMF+ Demand 32 34 33 3.3
RCSW  Capacity(LS) 3.7 4 39 3.9
5 Capacity(CP) 3.9 42 4.1 4
SME+ Demand 24 29 26 2.6
RCW Capacity(LS) 24 29 27 2.7
5> Capacity(CP) 29 39 36 35
SME+ Demand 27 3 32 3
RCSW  Capacity(LS) 33 36 4 36
10 Capacity(cP) 39 43 47 43
SME+ Demand 22 24 26 2.4
RCW  Capacity(LS) 23 25 28 25
10 CapacitycP) 29 31 35 31

Table.10. Behavior Factor(R) according to pushover
analysis and triple equations
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SMF+ SMF+ SMF+ SMF+
RCSW RCW RCSW RCW
5 5 10 10
0, 0.0025 0.002 0.0035 0.0035
Vi (kN) 2852 3406 4062 4387

Table.8. Roof drift ratio and base shear corresponding to
the first plastic hinge formation
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Type Case NI K2 M R,
SME+RCSW Demand 2 21 2 16
5 Capacity(LS) 2.2 23 23 1.7
Capacity(CP) 23 24 24 1.7
Demand 19 23 21 13
S'V'F;RCW Capacity(LS) 1.9 23 21 1.3
Capacity(CP) 2.2 29 27 13
Demand 22 24 26 1.2
S'V'F’leéCSW Capacity(LS) 2.4 27 29 13
Capacity(CP) 27 3 33 14
SME+RCW Demand 21 22 24 11
10 Capacity(LS) 2.1 23 25 1.1
Capacity(CP) 24 26 3 1.2

1 Newmark and Hall

2 Krawinkler and Nassar

3 Miranda

Table.9. Ductility factor (Rp) and over-strength factor (Rs)
according to push-over analysis and triple equations
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Type Case N K M
Demand 13 12 13
SMFJ’SRCSW Capacity(LS) 1.7 1.6 16
Capacity(CP) 1.7 16 1.7
Demand 15 13 14
SMF;RCW Capacity(LS) 22 1.8 2
Capacity(CP) 2 15 17
Demand 17 15 14
SMFZECSW Capacity(LS) 16 14 13
Capacity(CP) 18 16 15
Demand 18 17 15
SMEROW Capaciys) 17 16 14

Capacity(CP) 18 16 14

Table.12. Correction factor for degrees of freedom
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Demand 25 15 3.9
Capacity (LS) 3.7 17 6.3

SMF+RCSW

S Capacity (CP) 3.9 17 6.7
Demand 28 13 37

SMF;RCW Capacity (LS) 3.2 13 41
Capacity (CP) 45 13 6

Demand 36 11 41

SMFZECSW Capacity (LS) 39 13 52
Capacity (CP) 49 14 7.1

Demand 3.8 1 39

SMFI(')QCW Capacity (LS) 3.6 11 4

Capacity (CP) 43 12 5
Table.11. Ductility factor (Rp) and over-strength factor (Rs)
and behavior factor (R) according to pushover and IDA
methods
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Abstract:

Earthquake loads induce significant damages and cause widespread failures into buildings. Having appropriate
system against seismic loads is a minimum necessary requirement for a structure Moment Resisting Frame
Systems (MRFS) are one of the common seismic resisting systems against lateral seismic loads. Ductility is
the most important properties of these kinds of systems; but increase in ductility leads to decrease stiffness
and increase lateral deflections and hence induces damages to nonstructural components. Although stiffness
can be magnified through increasing section sizes of members, but it would not be economical. To compensate
this deficiency, the combination of these systems with reinforced concrete (RC) shear walls may be useful.
Although in general, this combination (RC shear walls and MRFS) decreases the section size and increase
stiffness; but in low rise structures using this combined system cause decrease in ductility and dissipation of
energy under moderate/strong earthquake This deficiency can be improved by using vertical slits in RC shear
walls of low to moderate height. These slits invert shear behavior of RC shear wall into flexural behavior of
several columns and are able to increase ductility. So, for the first time in this paper, a study was conducted
on introducing behavior factor (R) for Steel Moment Frame (SMF) with reinforced concrete slit shear wall
system at two levels of demand and supply.

In view of existing concerns about precise of behavior factors in seismic design codes, due to developing these
factors based on engineering judgment from observing seismic performance of structures subjected to past
earthquakes besides the lake of these information in current seismic design codes causes the seismic design of
RC slit shear wall system needs more research works. The behavior factors are used to reduce the linear elastic
design spectrum to account for the energy dissipation capacity, over-strength and redundancy of the structure.
The most distinctive feature of this study respecting to similar studies is multi-level definition of behavior
factors and their extraction with respect to seismic intensity, and accepted damage level as expected
performance levels in designing RC slit shear wall structural system. Hence, the demand/supply behavior
factors are determined with a more accurate attitude involving the effective parameters such as ductility, over-
strength, redundancy, seismic hazard level, performance levels, etc.

In this study, to determine the appropriate behavior factor, static pushover analysis along with Incremental
Dynamic Analysis (IDA), are used. The behavior factors in two levels of demand and supply are obtained with
two procedures: At the first, the pushover analysis was applied on case study structures and then (R, £,T)

relationship for SDOF system of Newmark and Hall, Nassar and Krawinkler, and Miranda to evaluate behavior
factor for MDOF structures were used. At the second stage both pushover and incremental dynamic analysis
were used to achieve directly the behavior factor for MDOF structures.

In this paper, two 5 and 10-story steel moment resisting frame with RC slit and ordinary shear wall systems
were designed by ETABS software. These structures were designed in which their behavior factors were the
same values. Then the pushover and IDA were conducted on sample structures using nonlinear analysis
software PERFORM. Results show that, although initial elastic stiffness has not been considerably changed in
slit RC shear wall systems, but they show higher behavior factor relative to regular RC shear wall systems.
Converting the shear behavior of RC ordinary shear wall to ductile flexural behavior of a series of wall pieces
as columns by providing slits in shear wall may be considered as the reason for achieving more ductility and
dissipating high seismic energy in this innovative systems.

Keywords: steel moment frame, reinforced concrete slit shear wall, behavior factor, pushover analysis,
incremental dynamic analysis
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Recording Earthquake
Date and Place Station PGA Name

Abbar 31/03/1369  Abbar 0.647 Abbar
Chi-Chi20/09/1999 TCU-047 0.292 Chi-Chi
Manjil 31/03/1369  Manjil 0.55 Manjil
Naghan 16/03/1356 Naghan 0.72 Naghan
Northridge EQ USC Station .
17/01/1994 90056 033 Northridge
Superstition Hills USGS Station 0.38 Superstition
24/11/1987 5051 ' Hills
Iran 25/06/1357 Dayhook 0.406 Tabas

Table (1) Characteristics of ground accelerations
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Abstract:
The main goal of seismic design is to provide required safety level during earthquake, and to make a
structure remain repairable. According to the available reports of recent earthquakes, structures designed
using force based design procedures are not precise enough in eliminating the damage of structures.
Therefore, a new generation of design codes based on the performance level design procedure is
introduced. In order to estimate the amount of damage in structural elements, related criteria are defined
as damage indices. Damage indices are functions of damage variables and indicate the effect of the
variables on the element’s damage. Park-Ang damage index is among the most important damage
indices, which shows the damage of reinforced concrete elements as a linear combination of maximum
deformations and absorbed cyclic energy. The analytical value for this damage index is set to be zero if
there is no damage, and 1.0 for the collapse of the element. The Park-Ang damage index in non-negative
and shows the reduction of element’s resistance in cyclic loading. It also specifies energy dissipation and
the strength damage of the elements. This factor has been used for calibrating damage index. It has been
found that the damage index is merged with one in the failure point. Applying this model in structural
systems requires determination of an overall member’s deformation. Since inelastic behavior is limited to
plastic zones adjacent to the ends of a member, it is difficult to define the relationship between overall
member deformation, local plastic rotations and the damage index. Therefore, a modified version of this
model has been developed by Kunnath et al.
The most important difference between Kunnath model and Park-Ang model is representing the equation
based on the moment-curvature diagram and replacing the non-dimensional factor with the strength
deterioration factor in a hysteretic model. Supposing this factor as a constant will increase the diversion of
the damage index in collapse prevention performance level. In this paper, the Park-Ang damage index and
its improved relations has been evaluated for the various performance levels, including immediate
occupancy, life safety and the collapse prevention levels. For this purpose, three reinforced concrete
frames with different numbers of stories, was each designed for three performanc levels. Nonlinear
dynamic analysis has been carried out with seven earthquake acceleration records. Finally, the damage
analysis has been performed. The damage index has been derived for all of the nine frames and the values
of damage indices have been evaluated. The beam damage indices are related directly to the rotation which
happens in the plastic hinges. In components with immediate occupancy level, this linear characteistic is
more clear; however, by increase in the rotation of the componenets or in the collapse prevention level,
damage indices will diverge more. It has been shown that this damage index needs to be investigated at the
collapse prevention level and the second part of the damage index (strength damage) shall be determined
by the element’s type and level of performance. The sensitivity of damage index to the column damages is
little and the damage caused by the weak story is low and needs to be evaluated.

Keywords: Damage index, Performance levels, RC Moment Resisting Frames, Seismic Performance.
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No. Full Empty Ambient Forced Forced Ambient  Forced Forced
Reservoir  Reservoir  vibration  vibration  vibration  vibration vibration vibration
1 1.67 1.83 1.40 - - 1.32 - -
2 2.02 2.45 2.27 - 2.43 121 - 1.37
3 2.49 2.95 2.44 - 2.85 1.12 - 2.08
4 3.41 3.86 2.93 - 3.59 1.05 - 1.10
5 4.08 4,78 3.58 3.58 4.65 0.95 1.10 2.16
6 6.01 7.25 - 5.86 6.06 - 1.60 1.97
I 7.61 8.13 - 7.23 7.19 - 2.30 2.19
8 8.23 9.75 - 7.86 8.27 - 2.90 2.67
9 8.86 10.70 - 8.63 8.77 - 2.00 2.25
10 10.61 12.32 - 10.23 10.24 - 3.10 2.95

Table 1. Dynamic properties of Shahid-Rajaee dam
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Forced Frequency Damping

vibration  Mode (H2) (%)
1971 s;_/mmetrlc_ 5.10 -
antisymmetric 5.56 -
1980 symmetrlc_ 5.45 7.30
antisymmetric 5.60 9.80
2002 symmetric 5.35-5.45 4-7
antisymmetric ~ 5.65-5.75 45-55

Table 2. Modal parameters of the Pacoima dam
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MODE-ID SSI-CCA SSI-Data FEM
Mode  Frequency —Damping  Frequency Damping Frequency Damping Frequency
(Hz) (%) (Hz) (%) (Hz) (%) (Hz)
a - - 3.61 10.25 3.28-3.64 3.07-4.17 -
b - - - - 4.34-4.82 3.24-1.52 -
1 4.73-4.83 6.20 5.07 5.87 5.03-5.34 1.62-1.77 5.35-5.46
2 5.06 7.3-6.6 5.83 6.65 5.72 1.14 5.65-5.75

Table3.Modal parameters of the Pacoima Dam identified by various methods
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Abstract:

As a conventional method, the finite element model is used for static and dynamic analysis of structures such
as dams and bridges. Nevertheless, these models are not able to describe the accurate behavior of structures
against dynamic loads, because of some simplifications used in numerical modeling process, including
loading, boundary conditions etc. Nowadays, modal testing is used to solve these problems. The dynamic
tests, including forced, free and environmental vibration tests, are used in system identification of civil
structures. Considering either unknown nature of inputs or unsuccessful steps of measuring them, some
methods have been developed to analyze the results of dynamic tests which are based on measuring only
output data and are known as operational modal analysis. Some of such methods are Peak Picking (PP),
Frequency Domain Decomposition (FDD) and stochastic subspace methods. However, unknown nature of
applied forces, the presence of environmental noise and measurement errors may result in some uncertainties
within the results of these tests. In this article, a modal analysis is presented within a stochastic subspace
which is among the most robust and accurate system identification techniques. In contrast to the previous
methodologies, this analysis identifies dynamic properties in optimized space -instead of data space- by
extracting ortho-normal vector of data space. Given the optimum nature of the proposed method, more
accuracy may be served in detection and removal of unstable poles as well as high-speed analysis. In order to
evaluate the proposed method in terms of civil systems detection, seismic and steady-state sinusoidal
excitations were used. The former is selected from the most real and strong environmental vibrations and the
latter is from the most precise forced vibration tests. In the first step, 2001 San Fernando earthquake data
were analyzed using SSI-CCA and SSl-data methods. Data processing rate in the SSI-CCA method is almost
twice as much as that in SSl-data method, and it is just because of processing in an optimum space while
lowering the use of least squares method to compute system vector. Furthermore, there is one unstable pole
in the results of the proposed method while 4 noisy characteristics were recognized in the results of SSI-Data
method. Estimated damping ratio comprised the major difference observed in the results presented by above-
mentioned methods. Modal damping ratio -estimated by the proposed method- were 60% closer to the
previous results compared to those of the previous subspace method. Mode shapes of both subspace methods
with MAC value of 92% and 75% for the first and the second modes, respectively, are well correlated with
each other. Due to the lack of access to the mode shape vectors of Alves’s method, it was not feasible to
calculate the corresponding MAC value. In the following, forced vibration test results of Shahid-Rajaee Dam
conducted by steady sinusoidal excitation in 2000 and analyzed by a method known as four spectral, are re-
processed using the SSI-CCA method. As results indicate, by using the proposed method the first three
modes, which were not on the preliminary results, are obtained. In addition, other modes are in good
agreement with the results of the finite element method.

Keywords: Hankel Matrix, Canonical Correlation Analysis, Stochastic Subspace, Modal Analysis
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Fig. 3. Grain size distribution for modeled sand

als Slasie (V) J sl

First layer unite weight (Dry y=
condition) 20 kN /m?®
First layer unite weight (Saturated y =
condition) 26 kN /m®
Second layer unite weight (Dry y =
condition) 18 kN/m?®
Second layer unite weight (Saturated y =
condition) 22 kN/m?®
First layer internal friction angle (Dry 49 °
condition)
First layer internal friction angle 45°
(Saturated condition) 47 °
Second layer internal friction angle 43°
(Dry condition)
Second layer internal friction angle
(Saturated condition)
Cohesion 5 KPa
Elastic modulus (E) 30 M Pa
Specific gravity (Gs) 2.65
Poisson's ratio 0.30
Maximum void ratio 0.6
Minimum void ration 0.3
Table 1. Sand properties
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Unite weight (Dry condition) y =
17 kN /m3
Unite weight (Saturated condition) y =
20 kN /m3
Internal friction angle (Dry condition) 41 °
Internal friction angle (Saturated 37°
condition)
Cohesion 0.0
Elastic modulus (E) 100 M Pa
Specific gravity (Gs) 2.60
Poisson's ratio  0.20
Maximum void ratio  0.75
Minimum void ration  0.35

Table 2. Characteristics of stone column material
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Fig. 23. Numerical analysis of slope with granular soil and
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Abstract:

The increasing demand for engineered cut and fill slopes on construction goals has increased the need of
understanding the analytical methods, investigation tools and the most important stabilization methods to
solve slope stability problems. The first step to maintain the stability of soil slope is performing excavation
in the slope crest or/and filling the slope toe. This is the cheapest method for stabilization of soil slopes. If
the method cannot provide the required factor of safety, it is necessary to use other stabilization methods.
Numerical and laboratory approaches are useful for modeling soil slopes stabilization. Modeling the stability
of earth slopes using numerical methods is a common practice in geotechnical engineering. Moreover,
stabilization of soil slopes using piles has been practiced by many researchers in numerical and analytical
approaches. Although numerical and analytical methods have special capabilities, laboratory modeling is
more reliable. Stability slope analysis has attracted lots of researchers around the world and it shows the
significance of this matter. When suspicious about stability of soil slopes, immediate actions and
preventative steps should be used for suppression of instability occurrence. Many projects intersect with
valleys and rides, which can be prone to slope stability problems. Natural slopes that have been stable for
many years may suddenly fail because of many reasons; therefore, finding useful techniques for stabilizing
them is a great concern for geotechnical engineers. In all soil slopes, the primary way for stabilization is the
excavation in slope crest and/or filling slope toes. If this would not increase safety factor, other procedures
should be applied. Three common styles of stabilization methods are; vertical reinforcement (such as stone
columns and piles), horizontal reinforcement (like Geo-grids), oblique reinforcement (such as nailing). One
of the common methods that is used to increase the safety factor of slopes is stone columns. All of the
experimental tests were modeled and compared using the limit equilibrium (LE) and finite element (FE)
methods, which are compliant with each other. Understanding soil properties is crucial for analysis of soil
slopes. In this study, the effect of cohesion in embankment is investigated. This is carried out by performing
laboratory tests and using finite element method software (PLAXIS?P) and finite difference method software
(FLAC®P). A sand slope is reinforced with a stone column at the middle of slope. It is then saturated by
precipitation and loaded up to the failure. Experimental studies in this article have the potential to give
valuable information about the effects of embankment cohesion and penetration depth of stone column into
the stiffer layer, in stability of stone column reinforced soil slopes.

Keywords: Earth slopes, Stone Column, Cohesion, Stability
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Table (1) Summary of the present laboratory set-up
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Entrance Flow
Discharge Diversion Depth in Froude
Test No. in Main Ratio Weir Number in
Canal Upstream  Upstream
(L/s) (m)
LO1F01 31.53 0.210 0.119 0.28
LO1F02 48.57 0.207 0.135 0.36
LO1F03 68.84 0.209 0.147 0.45
LO2F01 38.28 0.125 0.119 0.35
L02F02 48.33 0.128 0.129 0.39
L02F03 72.01 0.137 0.147 0.48
LO3F01 33.38 0.068 0.117 0.31
LO3F02 47.68 0.069 0.141 0.33
LO3F03 66.68 0.073 0.152 0.41
A01 32.53 0 0.124 0.28
A02 48.06 0 0.132 0.37
A03 52.06 0 0.137 0.38

Table (2) Hydraulic Characteristics of Each Test
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Table (3) Dimensionless parameters range affecting the bedform dimensions
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Conditions Coefficient Powers
Side o rameters 1 2 3 4 1 2 3 4
Weir
0.0036 15.68 1.34 2033 -1.14 3.7 0.75 10.98
Present
0.000675 8.67 1.91 1502 -0.74 27.47 23.09 36.83
0.0312 0 0.01 0.763 1.22 0 -0.28 0.79
Absent
0.0014 0 0.0044 0.1077 1.22 0 -0.2 1.7

Table (4) Calculated Coefficients in Equation (3) for Bedform Length and Height With or Without Side Weir
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Abstract:

Side weir is one of the most important structures in flood control projects. The structure can be designed
based on classic design procedure, provided the main channel bed is rigid. However, in the most practical
cases, the main channel bed is movable; Consequently the changes in bed can produce wavelike patterns as
bed forms. Additional effects of side weir on bed forms may also be produced due to an aggradation of
sediment deposits in front of the weir. This causes additional bed resistance and increase in flow depth in
comparison with the situation with no structure. Thus, the present research studies the effect of side weir
hydraulic and geometric properties -including Froude Numbers, diversion discharge ratios and flow depths-
on bed forms and its effect on design conditions. A set of experimental program -with 9 individual tests- was
conducted in a flume with dimensions of 0.85 m width, 0.40 m height and 10 m length. The flume is located
on a mobile bed, having median sediment particle size of 0.23 mm, running with side weirs with crest
lengths of 20, 40 and 60 cm. Furthermore, 3 experiments were conducted without using any weir, as bench
mark runs. The sediment bed level at the end of each run was recorded using the automatic bed profiler in a
distance of 220 cm of main channel, so that the weir is located in the middle of the reach. These
measurements were carried out in a net of points with incremental distance of 5 and 3 cm in longitudinal and
transverse directions, respectively. The dimensions of bed forms including wave length and height were then
determined using the well-known crest-through method. Dimensional analysis is undertaken for dependent
and independent variables involved in the process of the phenomenon including properties of fluid, sediment
particles, channel and weir geometry. Non-dimensional parameters are also introduced. Results indicate that
the effect of flow depth, discharge, and diversion ratio on bed form dimensions are significant, and increase
in these parameters will cause increase in both length and depth of bed forms. In addition, a number of four
equations are suggested for the prediction of bed form dimensions in terms of characteristic parameters for
both cases with and without using the weir. The parameters of the equations were calibrated using randomly
selected 80% of all experimental data and the equations are then verified using the remaining 20%.
Verification results revealed that the relation may predict bed form dimensions within the error values of 50
and 30 percent for the cases of using weir or not, respectively. Analyzing these relations showed an
important influence of applying side weirs on lateral variation of bed form dimensions in the main channel.
Thus, in comparison with the case with no side weir, an increase of up to 70% and 2% of channel width may
occur in bed form length and height, respectively, near the side weir.

Keywords: side weir, bed form dimensions, Froude Number effect, diversion ratio
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§=1/5 d=1/15 & =1/120
Present Present Present Kk, Kk,
work [40] [20] work [40] [20] work [40] [20]
3.0577  3.0479 3.1415 3.1322 3.1302 3.1415 3.1414 3.1414 3.1415 0
3.4072  3.3945 3.4767 3.4694 3.4667 3.4767 3.4765 3.4765 3.4767 0.5 0
3.6618  3.6580 3.7360 3.7311 3.7265 3.7360 3.7355 3.7355 3.7360 1
42359  4.2183 4.2970 4.2919 4.2880 4.2970 4.2965 4.2964 4.2970 25
3.6858  3.6705 3.7483 3.7394 3.7389 3.7483 3.7482 3.7482 3.7483 0
3.8986  3.8839 3.9608 3.9545 3.9516 3.9608 3.9606 3.9606 3.9608 0.5 102
4.0858  4.0663 4.1437 4.1398 4.1347 4.1437 4.1335 4.1435 4.1437 1
45159 44991 45824 4.5789 45734 4.5824 4.5822 4.5822 4.5824 25
7.3548  7.3408  10.0247 9.9986 9.9958 10.0247  10.0242  10.0242  10.0247 0
7.3605 7.3408 10.0365 10.0154 10.0077 10.0365 10.0362 10.0361 10.0365 0.5 10
7.3659  7.3409 10.0489 10.0286 10.0196 10.0489 10.0483 10.0481 10.0489 1
7.3748  7.3411 10.0847 10.0758 10.0551 10.0847 10.0843 10.0839  10.0847 25
7.4067 7.3508 31.6237 12.7949 12.7722 31.6237 31.6221 31.6217 31.6237 0
7.4067 7.3508 31.6238 12.7949 12.7722 31.6238 31.6226 31.6221 31.6238 0.5 106
7.4067 7.3508 31.6245 12.7951 12.7722 31.6245 31.6230 31.6224  31.6245 1
7.4071  7.3508 31.6257 12.7977 12.7722 31.6257 31.6467 31.6236 31.6257 25
Table. 1. The first non-dimensional frequency of simply supported beam on Pasternak elastic foundation.
SU el ol )t el 5 sl de Osde el 4w (Y) g
k, = 10* k, = 10? k,=0
Mode3 Mode2  Model Mode3 Mode2 Model Mode3 Mode2  Model kg )
11.0810 10.1646 9.9050 8.8881 6.1983 3.7269 8.8555 6.0959 3.1164 0 01
11.2178 10.2469 9.9272 9.1613 6.5566 41231 9.1318 6.4707 3.7148 1 '
9.8168 9.0631 7.3403 7.9170 5.8025 3.6701 7.8746 5.6859 3.0479 0 02
9.8918 9.1060 7.3408 8.2468 6.1903 4.0657 8.2121 6.0991 3.6578 1 ’
6.1461 5.1802 4.3525 5.9028 4.6945 3.3596 5.8311 4.5276 2.7379 0 05
6.1474 5.1912 4.3528 6.0882 4.9607 3.6419 6.0824 4.9211 3.3487 1 ’

Table. 2. The first three non-dimensional frequencies of simply supported beams resting on Pasternak elastic foundation.
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Poisson' ratio

mode )
0.5 0.4 0.3 0.2 0.1
5.672921 5.766591 5.854408 5.937775 6.059338 1
6.995206 7.103379 7.211553 7.319227 7.456745 2 0.1
9.135036 9.276299 9.417563 9.558826 9.864701 3
4.093465 4,143898 4,202737 4.253169 4.328819 1
4.970970 5.032151 5.098431 5.159612 5.251383 2 0.5
5.982306 6.037358 6.116878 6.190280 6.300384 3

Table. 3. The first three non-dimensional frequencies of simply supported beam on Pasternak elastic foundation.
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Abstract:

Beam theory is used in the analysis and design of a wide range of structures, from buildings to bridges to the load-
bearing bones of the human body. Beams resting on elastic foundation is vastly applied in many branches of
engineering problems namely geo-technics, road, railroad, marine engineering and bio-mechanics. Foundation is
often a rather complex medium, e.g. a rubberlike fuel binder, snow, or granular soil. The key issue in the analysis is
modelling the contact between the structural elements and the elastic bed. Herein, the response of the foundation at
the contact area is of interest, and not the stresses or displacements inside the foundation material. In most cases, the
contact is presented by replacing elastic foundation with simple models, usually spring elements. The most
frequently used foundation model in the analysis of beam on elastic foundation problems is the Winkler foundation
model. In the Winkler model, the elastic bed is modeled as uniformly distributed, mutually independent, and linear
elastic vertical springs, which produce distributed reactions in the direction of the deflection of the beam. However,
since the model does not take either continuity or cohesion of the bed into account, it may be considered as a rather
crude representation of the elastic foundation. In order to find a physically close and mathematically simple
foundation model, Pasternak proposed a so-called two-parameter foundation model with shear interactions. The first
foundation parameter is the same as the Winkler foundation model and the second one is the stiffness of the shearing
layer in the Pasternak foundation model. Dynamic analysis is an important part of structural investigation and the
results of free vibration analysis are useful in this context. Vibration problems of beams on elastic foundation occupy
an important place in many fields of structural and foundation engineering. With increase in thickness, the existence
of simplifying hypotheses in beam theories such as the ignorance of rotational inertial and transverse shear
deformation in classic theory, the application of determination coefficient in first-order shear theory and the
expression of one or few unknown functions based on other functions in higher-order shear theories are
accompanied by reduction in the accuracy of these theories. This represents the necessity of precise and analytical
solutions for beam problems with the least number of simplifying hypotheses and for different thicknesses.

In the present study, the analytical solution for free vibration of homogeneous prismatic simply supported beam with
rectangular solid sections and desired thickness resting on Pasternak elastic foundation is provided for completely
isotropic behaviors under two-dimensional theory of elasticity and functions of displacement potentials.
Characteristic equations of natural vibration are defined by solving partial differential equations of fourth order
through the separation of variables and the application of boundary conditions. The major characteristics of present
study include lack of limitations for thickness and its validity for beams of low, medium and large thicknesses is
quite reliable. To verify, the results of present study were compared with those of other studies. Results show that
increases in foundation parameters are associated with increases in natural frequency. The intensity is reduced
considerably by increase in the ratio of thickness to length, for the values larger than 0.2 and in the higher modes of
vibration .

Keywords: Natural Frequency, Free Vibration, Deep Beam, Elastic Foundation, Potential Functions
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Parameter Value
(MPa)
Compressive strength of brick units 13.8
Compressive strength of clay—
gypsum mortar 6
Tensile  (flexural) strength  of
brickwork 0.25
§ Tensile strength of clay—gypsum
% mortar 08
< Compressive strength of brickwork 8.4
_:‘% Young’s modulus of brickwork 2500
” Poisson's ratio for brickwork 0.2
Tensile strength of steel beams
(IPE120) 240
Young’s modulus of steel beams 20000
(IPE120) 0
Compressive strength of concrete 25
= Young's modulus of concrete 23500
E’ Poisson's ratio of concrete 0.15
% Yield strength of steel reinforcement 400
§ Young's modulus  of steel 21000
© reinforcements 0
Compressive strength of brick wall 4
o _ Tensile strength of brick wall 0.07
2 3 Young's modulus of brick wall 2200
oS — . .
Poisson's ratio of brick wall 0.15

Table 1 — Material properties
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Fig. 8. The utilized failure criteria for masonry walls
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Fig. 9. The diagonal cracks on the back and front view of the
model during pushover analysis
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Fig.7. The failure modes associated with masonry walls[18]

i

Lo STl ples Ll bl gl e eslizad (5 Sbe Juke
Al OF gl (681 aS O e 3,50 i 3 |y cnSls
i gl s ol s als s Cﬁhmd)téjéﬂl
2l oslizul sliSla o Foal due 51 5 S 5 i el
%jjjﬁlwmélﬁ.wlwbsdjéwd\ﬂﬁ

el ol oslanal Y oadadly 5l A5 S 5 A

™)

S Jolas €0 5 & SHS s S5 Olpe el cnl o
S RS el Sl o 5l aS ol f Llg i
S e U5 4 sl ) sl L kS
O S8 e sls | Salis s S el
SS olbid 5 S Coaslie) eglie el g3 (gadews
gty Ll e s o (M)l 5 (5500
Db s (L8 e 3 e300l Jold &S Sl S
S5 30 3 SeeS ol el B g o Jles]
B 1 et e a5 S 03 5 Jaiome (5

(& JSE) s Lo 5l SBT3 (688 clacS 5

1 Cracking
2 Crushing



O 5 (63,585 ) 25,0

el s i o5 Y ol 53 an)T sy 5,8

e

el ) ol e Jue Sl 53 (5 k8 lalS 5 ealie (1) S

Fig. 13. Diagonal cracks in the modelled masonry wall (Mehrabi
etal.[19])
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Fig. 14. Comparison of experimental results [23] and analytical
results from calibrated model of masonry wall
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Fig. 11. The modelled jack arch roof for calibration
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Fig. 12. Comparison of experimental results and analytical results
from calibrated model of roof (Maheri at al. [12])
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ordinary roof retrofitted roof

slope (semi-rigid) (rigid)
Ay Ay AgAy Ay Ay AgAy
0" 1.08 133 081 0.16 158 0.1
10" 122 155 079 019 153 0.12
15" 1.21 148 0.81 0.2 1.7 0.12
20" 125 1.56 0.8 0.2 151 0.13

Table 2 — Rigidity and deflection values for the diaphragms
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Fig. 15. General pushover curve for obtaining R-facor[21]
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Fig. 16. Distribution of lateral loads on the roof
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Fig. 18. Lateral displacement of retrofitted jack arch roof
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Ordinary Jack Arch roof Fy (KN) Amax (MM)  Fy(KN)  Apax(mm) n Ry Rs R
0" 1027086 2.013 960011 6.95 345 194 115 223
10" 872341 2.09 768518 6.95 3.32 191 1 191
15" 733525 2.13 832125 6.4 3 1.84 1 1.84
20" 706277 1.54 767170 5.77 3.74 2 0.75 1.5
Retrofitted Jack Arch roof Fy (KN) Amax (Mm)  Fy(KN) A ax(mm) n Ry Rs R
0" 1096921 1.69 1243557 9.91 586 234 097 227
10" 1069984 177 1202592 10 5.66 2.31 0.99 2.29
15" 1091998 2.17 1228357 10.01 46 215 118 254
20" 1063326 2.27 1213620 10.03 4.41 212 1.23 2.61

Table 3 — Response modification factor parameters for the masonry buildings
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Fig. 28. Pushover results of Maheri’s experiments [12]
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Abstract:

Jack arch masonry slab, developed in the 19" century in Britain has been used widely in floors and roofs

of industrial and residential masonry buildings in many parts of the world. It is still in use in parts of Europe,
the Middle East and Indian subcontinent. Taking into account the widespread use of the jack arch flooring
and its ease of constructing as compared to the more modern concrete-based slabs, it should be pointed out
that such slabs are built in traditional ways and little control is applied to their method of construction.
Collapse of a large number of these composite slabs during past earthquakes pointed out the weakness of this
type of flooring to seismic loads. It has also highlighted the need for developing appropriate retrofitting
schemes, since a large number of buildings in Iran are roofed with masonry slabs. As an illustration, the
statistics have shown that around half of the slabs used in traditional buildings of Iran are jack arch roofs.
Due to their poor construction style and lack of appropriate retrofitting, these slabs cannot tolerate high
seismic demands and fail to meet the seismic performance required in areas with high seismic activities
(especially the slant types which have been widely used in the buildings of northern areas of Iran).
Therefore, rehabilitation of these roofs must be considered. One of the effective methods is to add a thin
layer of reinforced concrete over the slab. The retrofitting procedure includes three main steps: (1)
Removing the top flooring finish, (2) Installing a mesh of reinforcement bars over the slab and (3) Covering
the bars with a layer of concrete. To further investigate the seismic behavior of these roofs, response
modification factor can be utilized as a well-known seismic parameter.
This study investigates the seismic performance of masonry buildings with slant jack arch slabs retrofitted by
the method of adding a layer of reinforced concrete. Two groups of one story masonry buildings with jack
arch masonry slabs are designed including roofs with slopes of 0, 10, 15 and 20 degrees with and without
concrete layer for roof retrofitting. Static nonlinear (pushover) analysis is carried out. Nonlinear analysis
program “ANSYS” is employed for the analyses. The load—displacement curves for both types of models are
obtained and variations of strength, ductility factor, stiffness and rigidity of roofs on both types of models are
investigated. Response modification factors of two groups are calculated and results are compared. Results
show that according to standard No. 2800 criterion, slant jack arch masonry slabs are classified as semi-rigid
roofs and by retrofitting them, their rigidity can be enhanced. Also increasing the Slope of roofs inversely
affects the Response modification factor (R), strength and elastic stiffness of structure. Finally For the
consideration of economic factors, a cost analysis based on the tariffs of the Iranian Management and
Programming Organization is carried out on three conventional methods of roof retrofitting (method of
adding a concrete layer on the roof, steel grid method and tie-bracing method recommended by standard No.
2800). The obtained results indicate that method of adding a concrete layer is the most cost-effective method
for jack arch retrofitting.

Keywords: Masonry Buildings, Jack Arch Roof, Slant Roof, Concrete Layer, Seismic Evaluation
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Record Earthquake

Preferred Vs30 (m/s)

N Year Station Name PGV (cm/s) Mw R Te

0. Name

(a) Ordinary Recordings (OR)

1 Chi Chi 1999 CHY065 13.8 762 8343 0.56 272.6
2 Chi Chi 1999 TAP095 26.6 7.62 109.01 0.98 215
3 Loma Prieta 1989 CDMG58224 355 6.93 7220 0.32 306.5
4 Kobe 1995 HIK 15.2 6.10 95.72 0.60 256
5 Manijil 1990 Qazvin 11.5 737 49.97 0.16 2745
6 Northridge 1994 CDMG13122 6.9 6.70 7232 0.38 308.6
7 Tabas 1978 Ferdows 7.9 735 9114 0.24 2745
(b) Near Fault Recordings (Strike-Normal, SN and Parallel, SP )

1 Loma Prieta 1989 LGPC 92.5 6.93 9.96 4.39 477.7
2 Northridge-01 1994 Newhall - Fire Sta 120.26 6.69 5.92 1.03 269.1
3 Northridge-01 1994 Newhall - W Pico Canyon Rd.  82.88 6.69 5.48 2.40 285.9
4 Northridge-01 1994 Rinaldi Receiving Sta 167.2 6.69 6.50 1.23 282.3
5 Northridge-01 1994  Sylmar - Converter Sta East 113.57 6.69 5.19 3.52 370.5
6 Kobe, Japan 1995 KIMA 89.1 6.90 0.96 0.95 312
7 Kobe, Japan 1995 Takarazuka 72.64 6.90 0.27 1.42 312

Table 1. Characteristics of near-field earthquakes (NF) for parallel (SP) and perpendicular (SN) components with far-field
earthquakes (OR)
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*
Nonlinear time history analysis|
of SDOFs and calculate A,

]

T
Select an initial value for Fy and
calculate yield deformation, A,

!

Calculate demand ductility ratio for SDOF:p =

Amax
A

y
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7

Fig. 1. The analysis process in calculating factors (R,) and (Cg).
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Fig. 2. Ductility reduction factor (R) for near-field earthquakes (parallel and normal components) and far-field earthquake for four
levels of ductility
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Fig. 3. Ductility reduction factor (R.) for different levels of ductility
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Fig. 4. The ratio of mean Ry obtained from SN and SP to corresponding value obtained from OR, 0=3%, {=5%
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Fig. 5. The effect of damping ratio on Ry, mean values of NF-SN, 0=3%
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Fig. 6. The effect of strain hardening ratio on R,, mean values of NF-SN, {=5%
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Fig. 7. Inelastic to elastic deformation ratio (Cr) for four levels of ductility
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Fig. 9. Effect of damping ratio £ on CR, mean values resulted from SN records, o =%3, £=5%
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Abstract
The experience of previous earthquakes shows that the inelastic response of structure is related to the
intensity and content of ground motion. In this case, the evaluation of nonlinear response of structure
demonstrates the reduction in the base shear force. This reduction which leads to inelastic base shear is
defined by Behavior Factor (strength reduction factor) in seismic codes. One of the important parts in R
factor is ductility reduction factor R,. While R, is related to the type of earthquake, it seems that for near
fault motions there would be a different value in comparison to ordinary earthquakes. For the near fault
earthquakes, due to the direction of fault rupture from the site, the directivity effect becomes an important
parameter. Previous researches show that for forward directivity effect, there would be two components for
earthquakes. One is normal strike and the other is parallel strike. In this paper, these components are
regarded as SN and SP. Also, in the concept of performance-based design, the ratio between inelastic and
elastic response of structure is an important index in calculating the target displacement. This ratio is called
Cg, hereafter. It is good to mention that Cr factor is defined as C; coefficient in FEMA440. In previous
researches, the evaluation of Cg for near and far fault motions has less been considered.
To evaluate R, and Cg, the extended number of SDOF systems (from 0.2 to 4 Sec.) are considered for four
levels of target ductility (2, 3, 4 and 5). Accordingly, R, and Cr are calculated for near field (hormal and
parallel component) and far fault earthquakes. The normal strike component is traced by a sensitivity
analysis, changing the strain hardening ratio and inherent damping. To perform the analysis, the nonlinear
time history analysis was selected in Opensees. The steel material was also defined to be bilinear. To set the
required ductility with the prescribed target ductility -during trial and error procedure- the yield strength of
SDOF was changed, since the target ductility was achieved. To solve the inelastic equation of motion, the
Newmark-Beta method was selected. The inelasticity in Opensees was modeled with distributed plasticity
using the fiber element. Finally, to calculate R, and Cr for near and far field motions, approximately 84000
nonlinear time history analyses were carried out. In addition, to study the sensitivity of R, and Cr to damping
and strain hardening ratio for the normal strike earthquake, approximately 22400 nonlinear time history
analyses were carried out.

The results show that for all three sets of earthquake, the R, increases up to a specific value and after
that, becomes constant while the fundamental period (T) increases. For small values of ductility (p), increase
in T may lead to convergence of R, to target ductility. In the near field, when the values of T and p are
increased, R, becomes almost greater than p. However, for small values of T, R, is not dependent on demand
i. The study shows that: using far field value of R, for near field motions may lead to a non-conservative
value. Furthermore, while T increases, the Cr value converges to the unit. In the short period, Cr depends on
w and T, severely. Using Cr of far field against SN component leads to Non-conservative result. For a
constant value of p and T, increase in damping may increase Cgr. Using C; for near field motions is non-
conservative for near field motions. Also, for short periods and high ductility demand, Cg, corresponding to
SN component is about 40% greater than C;. Evaluation of the ratio of displacement modification factor to
behavior factor shows that the C4/R ratio for T -greater than 1 Sec.- converged to the unit. For small period
values, this ratio is significantly dependent on the duration. Also, using C4/R of far field for near field
motions may lead to inaccurate results.

Keywords: Near field motions, ductility, nonlinear time history analysis, behavior factor, FEMA440.
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Layer Elastic Prony Constants

Modulus PoFlizst?g S
(MPa) T g
0.000606  0.449043
0.001514  0.244553
0.076795  0.123922
Asphalt 10693* 0.35
1.334061  0.095569
36.37552  0.045907
98.04792  0.006257
Base 276 0.35 - -
Sub-Base 104 0.35 - -
Sub-
Grade 345 0.45 - -
Geogrid 76000 0.22 - -

*Instantaneous Modulus

Table 1. Properties of the pavement layers and geogrid [17]

1 Cyclic Loading
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Abstract:
Cracking is one of the major modes of failure in asphaltic pavements. Structural cracks occur in two forms of
top-down and bottom-up cracking. Bottom-up cracking occurs due to the fatigue of asphaltic materials under
repetition of tensile strain at the bottom of asphaltic layer. Top-down cracking (TDC) is among the major
forms of asphaltic pavement distresses that significantly affects the serviceability and development of
structural failure. Interaction of tire and pavement plays a key role in the initiation of TDC. This study
utilizes viscoelastic analysis -using finite element modeling- to evaluate the influence of axle loads and tire
configuration on the top-down and bottom-up cracking (BUC) in typical unreinforced and reinforced
asphaltic pavement structures. Reinforcing by glass-grid geogrid is selected for the reinforced structure.
The highest vertical tensile strain at the surface and the highest horizontal tensile stress at the bottom of
asphaltic layer are related to the TDC and BUC, respectively. Viscoelastic behavior is assumed for the
asphaltic layer and linear elastic behavior is assumed for the base, sub-base and sub-grade. Prony series is
used for characterizing the viscoelastic behavior of asphaltic layer. Using the tire pressure of 600kPa, effects
of three axle load levels of 5, 8.2 and 15 ton and two tire configurations (conventional dual tire assembly and
super single tire) on TDC and BUC have been investigated. Results show that the highest tensile strain at the
surface occurs at the edge of super single tire and dual tires, with a higher values for the single tire.
However, the location of the highest tensile strain shifts to the central region of dual tire with increasing axle
load level. The results also show that under axle load of 5 and 8.2 ton, top-down cracking initially occurs at
the inner edges of the tires, while under axle load of 15 ton its occurrence between the tires is more probable
than in the other zones. For the pavement without reinforcement, the highest tensile strain at the surface is
higher than that at the bottom under dual tires; however, under super single tire, the critical tensile strain at
the surface is lower than that at the bottom of asphaltic layer. The results show that geogrid reinforcement is
more effective in reducing the critical tensile strain at the bottom of asphaltic layer than that at the surface.
This indicates that the reinforcement of pavement using geogrid at the bottom of asphalt layer is more
effective on the bottom up cracking than on the top down cracking. In addition, geogrid reinforcement is
more effective in reducing the critical strains under single tire than under dual tires. The rate of increase in
the critical tensile strain at the surface with increasing axle load is more than that of the critical tensile strain
at the bottom of asphaltic layer. Among bottom-up cracking (BUC) and TDC, BUC is more sensitive to the
variations of tire type. By comparison, the super single tire created more TDC damage ratio than the dual
tires assembly, in both reinforced and unreinforced pavements. However, the damage ratio due to the super
single tire in unreinforced pavement is more than in reinforced pavement.

Keywords: Asphalt Pavement, Top-Down Cracking, Axle Weight, Tire Type, Geogrid.
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Evaluation of Stripping in Asphalt Concrete Pavement by
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Abstract:
Adhesion of bitumen to Aggregates is the basis of the strength of the asphalt pavements. The term
"stripping” is used for hot mix asphalt (HMA) mixtures to show the separation of asphalt binder film from
aggregate surfaces, due primarily to the action of moisture and/or vapor. If this phenomenon is eliminated
for any reason, stripping will be occurred. This problem not only is as a distinct distress but also can cause
other asphalt distresses which are finally resulted in the overthrow of road. Mainly because this distress
either results from or is dominated by moisture, it is usually called “moisture damage” or “moisture
susceptibility”.
The main goal in this research is to study stripping in asphalt mixtures. The key factors which must be
considered in this research are aggregates and selecting the suitable approach for controlling and assessment
of this distress in laboratory conditions. the most recent approach introduced is the rehabilitation and
modification of asphalt mixtures against stripping, whether asphalt concrete or surface treatment. Thus, in
this study on "Zanjan-Qazvin" freeway where this distress have usually been observed, the aggregates for
constructing the asphalt was selected from sections of the aggregate the stripping intensity of which is higher
than the others. First, the sensitivity of stripping was specified by XRF & XRD analysis. There is a requisite
to do a realistic laboratory test method to predict moisture susceptibility of HMA mixtures. It was observed
in the case histories that the asphalt pavements were saturated with water (55-80% saturated as specified in
ASTM D4867 or AASHTO T283). Thereafter, in order to calculate the tensile strength ratio, it is required to
consider unsaturated specimens some of which remained with no conditions. A laboratory test procedure that
simulates such conditions will be more realistic. The cylindrical asphalt concrete specimens are constructed
by marshal method. Thus, their durability is evaluated according to AASHTO-T283. In this method, those
stabilities are measured by indirect tensile test; the amount of their stripping was previously estimated by
boiling test. Results showed that according to literature boiling test method is not reliable enough to be
accurate. On the other hand, the result of laboratory test of AASHTO-T283 is quantitative and much more
technical. Also, using hydrated lime 3% for this material can be useful to reduce the adverse effect of
stripping, and it can be used as a suitable anti-stripping. Based on the probabilistic analysis, all the
specimens result either in Indirect Tensile Test, or in the TSR results. This showed the improvement of the
strength. Also, the rate of increasing is close to that of the parabolic curve.
WTAT test was carried out over the surface treatment specimens constructed using these aggregates.
Hydrated lime was utilized as the most important anti-stripping additive for prevention and rehabilitation of
this distress in all of the experiments.

Key Words: Stripping, Moisture Damage, Asphalt Pavement, Anti-stripping Additives, And Hydrated
Lime.
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Abstract:

The U-shaped channels are applied as a transition cross-section from rectangular to circular in manholes.
Also the U-shaped channels along the side weirs are used in the sewage networks, irrigation-drainage
systems, flood protection and etc. The flow in the main channel along the side weir can be the supercritical
conditions. In this study, the free surface flow in the supercritical regime has been simulated by FLOW-3D
software, RNG k — & model and volume of fluid (VOF) scheme in a U-shaped channel along the side weir.
The comparison between the numerical and experimental results showed that the numerical simulation
predicted the free surface flow with the reasonable accuracy. Generally, the flow depth decreases with
distance from the upstream end of the side weir towards the downstream end in the U-shaped channel. The
APE and RMSE of the water surface profile along the side weir have been computed 1.7% and 0.213%,
respectively. Also, the APE and RMSE were respectively 3.8% and 0.0177% for the discharges over the side
weir. In continue, the effects of the upstream Froude number on the flow pattern in the main channel were
investigated. For all Froude numbers, because of entrance effects, a free surface drop occurred at the
upstream end of the side weir and the water depth gradually reduced toward the downstream end. Then, a
surface jump happened at the last fourth of the side weir length in the vicinity of the inner bank. Unlike the
potential energy, the kinetic energy increases along the surface jump. Also, a stagnation point is created at
the end of the surface jump. The height of this stagnation point increases with increasing the Froude
numbers. In addition, the dividing stream surface and stagnation zone were respectively produced near the
inner and outer bank in the main channel along a side weir. The dividing stream surface reduces from
channel bottom toward the side weir crest then increases to the flow surface. Also, the dimensions of the
dividing stream surface and stagnation zone increased with increasing Froude number. The maximum lateral
flow in the U-shaped channel occurs almost at the downstream end of the side weir. The transverse velocity
increases at each cross-section of the main channel with increasing Froude number. The angle of the spilling
jet (gp) was close to 90° at the upstream and downstream of the side weir crest and the pattern of spilling jet

angle is similar for all Froude numbers. The minimum angle of the spilling happens approximately at the
downstream of the side weir crest however, the minimum ¢ decreases with increasing Froude number. The
pattern of the bed shear stress can be used to prediction of the areas of the scour and sedimentation in the
alluvial channels. In the U-shaped channel along a side weir, the bed shear stress increases along the main
channel axis form the beginning of the side weir toward the middle then decreases toward the downstream
end. Generally, with increasing Froude number, the bed shear stress increases in the main channel along the
side weir.

Keywords: Supercritical flow; U-shaped channel; Side weir; Numerical simulation; Froude number.
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1. Evolutionary Structural Optimization(ESO)

2. Bi-directional Evolutionary Structural Optimization
(BESO)

3. Michel

4. Optimal layout theory
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4. Bidirectional ESO
5. MATLAB
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Fig. 3. Optimum design displacement using linear analysis
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Fig. 4. Optimum design using nonlinear analysis

B A b 00 3l UG a (0) IS

Fig. 5. Displacement of the optimum structure using nonlinear
analysis
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Fig. 1. Design domain, boundary condition, and loading for
cantilever beam
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Fig. 2. Optimum topology using linear analysis

3. Solid Isotropic Material with Penalization for
intermediate densities(SIMP)
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2. Prescribed maximum volume addition ratio
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Fig. 9. Key points displacements along the structural boundary

sl ul L dy Slde baosle eSS (giluangs i) ¢l p
:.bjda Cwd 45 5 alslas 3

™)

Omax — Oj
L

Omax

slasliie oy 5 odd andlas 5,0 53 R0 Al Opay &S
e C adsles cpl ys sl GAIS BLE 31 S s
e dias e OLES Y Wslas syls o/eee) —o/e ) oy ol
GAIS dat a5 Ol b Lag e glldS blE O s
5 C 58 5 e S Gl 5 i Sl i AL
C S aph ey bl b0 o b GAIS BB i O
il el Ol o310 51 i lsl e Ol cs L
=S 5o 5 S Al e ST ) ke R
D yh e e ) (Sl A5l

1l 5 el el gSluagy oy Aol 5 S,
Jde Gauasll 5 pwdias Jds sl )
et s 5 e sl et sl b o
5 sl 0los 5 5,8 o3k o3 slad diile ki
3w 5y 3 G55 0355 s 4 5 35k Slil s Y
ol anlllas
Fhsw 3m 03 adey G5 L g AlS B s i alie 8
bl b s JaS Lo O a5 0
Golbrs aS Cv fsle > o cpl 53 igsluang: diljiw A
D32 d g h e SR S 5 SIS Sl
Byh e i sl
)

Omax — Omin

Cv=|

Omax + Omin

162

DL 5 o3l oz (sio 3 Ar JialS 0 o | K

(\Y)J.i_.;b Jh}ﬁ&ij_L)) n)L.wQLgﬁjx:u“M)dd

S0 Silwdiag 00 (s pd o 05l -4
ol
d)k_wd‘_...@_:” .6Lhui:_9) )l azu.';w\\{djqj 93 r‘au:’ - U'i‘ BE
d\ﬁi}]u}})&bu_}wb}ou Hx« 5 Lhc)l.wy&.:
O am ael  mi 8 Lol sdd osls Ol ot 8 Biluwe
u_ér...A)\ RGO PSS W fl_>u‘ ajl_w Lg)'l.w%jéjbw s
0l e3liul aalllas Coard 5o s3Ladde 5 e
Gl L il sl ag IS0 0,51 s 4 G ol
e (S o 55 3 5 ySB S SIS a4 A5 S s
Lol LSS (5 3lmitings s 5 5l aztls | 55
Ol Q)_gao.h Q_LLTN le_hb)Lw REE oL Lg)'LwaJL\”.;
QL_.;J Lﬁ‘\._>=::.: &:A_w\ OJ_‘JJLA.G‘ LA&:,.L_} t,‘f‘ E) )(J C\)‘}M’
)JLAJ‘M‘u\jwﬂéik{jbuu&)ﬂ‘a‘Mb&
ol 0 g A eSS de sl el IS8 (g5leangs

IES (TS PUUR PR JNPPRN Jor

sias 8IS 4 055 SI-F-)
o=l il A S L el sl plad 5y
S yh s e ki S0 POl Gl (ke g sede
Aol b G s el S0 slpe i s, ol 5 S0,
L slesbw Al 0 s o sl Gl bl JalSS
cml 3 eslial s Al e sy 4 5 S S
o=l b bl JelSS (olwang 3,05, wlie sl
LLE wojlw 5l L glas ;> Gl gl w0 oS sl
i 5 S el w8 s a3l e 555 IS
S S e Ll 3l e sas 1 S B el
sloesl sl () a1 o3l 55 5 galS bl oS >~

1. ANSYS Parametric Design Language
2 . Spline Curve



\VQ-\JLA/\ A)Lo.i/v.h.h.bta)j:

ote Ol jos cwdige agh — oode aloe

S ISLEE N 5 4 Ol o 5 KL st

dsile st e Lo gl fole ol ol s S L5 s 0/
Jsdos mlp /Y (b Jsides 5 LR Ve s 2
o)l i S= a5 lased (V) S Lol s Sl KL
Sl pwdia o & gla fole das o 0L 1 ol anllae
GHSL 0Ll s Sl 5 10775l OIS0 0L Ls Ol

.w‘anmﬁjﬁ):\' e‘ngﬁ)'bl.,\ij\/O r))

abbﬁ;j&;)b}a} (\V)Jﬁ.&
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Abstract:
Evolutionary structural optimization (ESO) is based on the simple concept of systematically removing
inefficient elements from the structure after each finite element analysis, so that the obtained design is
gradually evolved to an optimum. The bidirectional evolutionary structural optimization (BESO) method is a
new version of the ESO method in which simultaneous removing and adding elements is allowed. The
procedures of removing and adding elements are performed using various criteria. Due to the importance of
nonlinear structural analysis, in this study the BESO approach is used. The nonlinearity is assumed for the
geometry, material, and for both geometry and material. In the first example, the BESO is applied to
maximize the stiffness of a cantilever beam with a time dependent loading. The complementary work for the
optimized shapes are compared. It is concluded that using BESO results in a more optimized shape.
Optimized shapes for this case were obtained from linear and nonlinear analysis using BESO, and nonlinear
analysis using Solid Isotropic Material, with Penalization for intermediate densities (SIMP). In the next
example, BESO is applied to optimize the stiffness of a plate with the material nonlinearity. The results show
that the nonlinear analysis leads to a much stiffer design. In the third example, a cantilever beam with both
material and geometry nonlinearity is considered. The beam is also to be optimized for stiffness. The
optimized shapes are compared for linear and nonlinear analysis against the SIMP. The nonlinear analysis
with BESO also results in a stiffer design.
Furthermore, the effectiveness of ESO is proved by applying them to some shape optimization problems.
The aim is to find the best circular hole so that it possesses a lower stress concentration factor. Design
boundary has been set with some control points, and optimization process is only applied to these points. A
square plate with a circular hole at its center is optimized for minimizing the stress concentration. The
obtained results for linear and nonlinear analysis using ESO are compared with the results obtained using the
biological growth method. It is concluded that using ESO, the maximum stress concentration around the
boundary of the hole can be significantly decreased with linear analysis and the ESO is a powerful
alternative for the biological growth method. Results show that ESO has a superior capability for shape
optimization of holes in nonlinear structures, and in this case maximum stress is reduced by 28%.

Keywords: Evolutionary Structural Optimization, Nonlinear Analysis, Shape optimization, Stiffness
Maximization.
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Micro filter Ultra filter membrane
PPF 0-5 H20 S2000 Type
polypropylene polypropylene Material
Spun fiber hollow fiber Shape
2-8.3*20 4*40 Size (in)
- 16 Area('m)
Water Safe Hydro One  Manufacturer
0.45 0.1-0.01 Pore (1)
size
3 30000 - MWCO
50000 (Dalton)
Outtoin Outtoin .FIOW
direction
Flow rate
42 > 333> (L/min)
Pressure
2> 1-6 (bar)
OC)
4-62 4-40 Temperature
(
- 1-14 pH range
: 50 Inpqt particle
size (L)
Allowed
- 20 turbidity
(NTU)

Tablel. Properties of the tested membranes
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Fig. 1. P&ID figure of study pilot
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Flow rate 32 LPM

™ Qutlet Inlet TMP OQutlet Inlet Time
P pressu  pressur  (psi)  pressur  pressur  (min)
(psi) re e e (psi)  (psi) e
(psi) (psi)
12 20 32 9 1 ) 10 0
12 20 32 9 1 10 30
12 20 32 1 10 60
13 20 33 9.5 1 105 90
13 20 33 10 1 11 120
14 20 34 10 1 11 150

Table 2. Quality of the pilot feed

O ol 2k 5 ,Sole 53 Oles a4 s L2 s TMP Y s

2 1 Feed
59.85 72.34 Particle size (L)
26 42 Oil and grease (ppm)
29800 31100 Sodium (ppm)
0.2 0.15 Iron (ppm)
1.8 15 Strontium (ppm)
5.2 4.9 Barium (ppm)
2431 3061 Magnesium (ppm)
12100 11650 Calcium (ppm)
530 680 COD (ppm)
170 188 TOC (ppm)
564 550 Sulfate (ppm)
7.9 7.2 Sulfide (ppm)
235 300 Alkalinity (ppm)
105 170 TSS (ppm)
129134 128720 TDS (ppm)
24 40 Turbidity (NTU)
6.3 6.4 pH

Table 3. TMP and pressure versus time in microfiltration
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1. Trans Membrane Pressure
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Fig. 2. Removal percentage of oil and greases versus time in
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Particle size Oil and grease ~ TSS TDS  Turbidity pH Time (min)

(1) (ppm) (ppm) _ (ppm)  (NTU)

72.34 42 170 128720 40 6.4 97.93

3.9 3.7 18 126044 7.4 6.4 0
94.61 91.19 89.41  2.07 81.50  Removal (%)

2.8 3.4 16 125830 6.8 6.4 30
96.13 91.90 90.59 225 83.00 Removal (%)

2.2 3.2 12 125499 5.5 6.3 60 Flow rate
96.96 92.38 9294 250 86.25 Removal (%) 32 L/min

1.5 3.1 10 125038 5.2 6.3 90
97.93 92.62 9412 2.86 87.00 Removal (%)

0.9 3 9 124784 5 6.3 120
98.76 92.86 9471  3.06 87.50 Removal (%)

6.1 4 22 127212 8.5 6.5 0
91.57 90.48 87.06 1.17 78.75 Removal (%)

4.75 3.9 18 126320 7.2 6.5 30
93.43 90.71 89.41 1.86 82.00 Removal (%)

2.9 3.7 16 125576 6 6.4 60 Flow rate
95.99 91.19 9059 244 85.00  Removal (%) 42 L/min
2.35 3.5 13 125510 5.9 6.4 90
96.75 91.67 9235 249 85.25 Removal (%)

1.5 3.4 10 125460 5.4 6.4 120
97.93 91.90 9412 253 86.50 Removal (%)

Table 4. Quality of feed and flux in two flow rates versus time of microfiltration.
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Flow rate 16 L/min

Flow rate 32 L/min

Flow Inlet Outlet Flux

Flow Inlet Outlet

Time rate pressure pressure TMP (LM rate pressure pressure T™P Flux
min . . Si . . Si LMH
Um  (ps) ) ) W) wm ) sy P) (MH)
0 16 20 3 17 60 35 50 10 40 120
30 16 20 3 17 60 35 50 10 40 120
60 16 20 3 17 60 35 50 10 40 120
90 16 20.5 3 175 60 35 50.5 10 40.5 120
120 16 21 3 18 60 35 51 10 41 120
2 minutes forward flushing
122 16 20 3 17 60 35 50 10 40 120
150 16 20 3 17 60 35 50 10 40 120
180 16 21 3 18 60 35 51 10 41 120
210 16 21 3 18 60 35 51 10 41 120
240 16 21 3 18 60 34 51 10 41 116.25
2 minutes forward flushing
242 16 20 3 17 60 35 50 10 40 120

Table 5. TMP, pressure and inlet flux versus time in indirect ultrafiltration
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Fig. 4. TMP and flow variation versus time at indirect
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35 S b bl Sl o3Il e e alS
Joder 53 Gl Sy e (gahny 4 0l olalie
3 95 s ekibe 3L lyd oIl ol sl i 518 ()
G sais B el S oS cnl Uovo/y 5l S S
53 Sld Gl Aoy (V) Slssed 5o el oKus gakows
Aoy Ol puss .l okal 23 35 3 5 aass VWY e
sl ol edalie O3 5 sl ulul Ly G

L e sed (555 ot bl SRB iule3l amet ol ol

(23,5 ol A1 LPH L s VULPM 5 s ba sl PR
s o Ol Al 55 Olas 4 o Bl o35 (s 5 Ol STy N i
Particle  Oil & greases Fe TSS TDS Turbidity H Time  Flow rate
(W) size (ppm) (ppm)  (ppm) (ppm) (NTU) P (min)  (L/min)
6.1 35 0.07 15 125875 6.5 6.4 Inlet feed
0.05 2.4 0.05 7 122344 2.7 6.1 g
99.18 31.42 28.57  53.33 2.80 58.46 Removal (%)
0.05 1.8 0.05 5 115630 2.3 6.1 20
99.18 48.57 28.75  66.66 8.13 64.61 Removal (%)
0.05 1 0.05 3 108816 1.7 6 16
99.18 71.43 28.57  80.00 13.55 73.85 Removal (%) 60 L/min
0.05 0.7 0.05 3 106000 0.9 6
99.18 8000 2857 8000  19.76 86.15 Removal (%) 0
0.05 0.3 0.05 2 101000 0.5 6 120
99.18 91.43 28.57  86.67 21.54 92.31 Removal (%)
0.05 25 0.05 8 123564 3.6 6.2
99.18 YA/OV 28.57  46.66 1.83 44.61 Removal (%) 0
0.05 2.1 0.05 7 118743 2.3 6.2 30
99.18 40.00 28.57  53.33 5.67 64.61 Removal (%)
0.05 15 0.05 6 112556 2 6.1 60 32
99.18 57.14 28.57  60.00 10.58 69.23 Removal (%) L/min
0.05 1.1 0.05 5 111034 1.1 6.1 9%
99.18 68.57 28.57  66.66 11.79 83.07 Removal (%)
0.05 0.5 0.05 3 108064 0.6 6.1 120
99.18 85.71 28.57 80.00 14.15 90.77 Removal (%)

Table 6. Feed, and removal percentage versus time at indirect ultrafiltration
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Membrane
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57.14 60 16 960 1.05 0.05 11 Beginning
55.04 60 16° 960 1.09 0.07 1.16 End

Table 7. Diffusivity test data using clean water at the beginning and end of the pilot study
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Practical Membrane Wastewater
Research results Researchers
parameters type type
Feed concentration .
0, .
Removal (%) (WT%) Characteristic Pressurg ..1bar ME Khalgiran gas Yeganeh et al.
Oil & greases Velocity : 1 0.22 refinery 2008
08 5 MPS e
(ppm)
Outlet .
. Inlet concentration ~ Component Pressure : 15 bar Rekabdaran et
concentration - MF
Ol & greases Velocity : 1.25 02 API effluent al.
2.9 99 MPS ' 2008
(ppm)
0.2 uMF effluent UF effluent Characteristic i
H - MF, UF  desalination cakmakei etal
871 710 Outlet COD 2007
Outlet . Inlet concentration Characteristic
concentration
Oil & greases
- <75 .
(ppm) - Qiao dal.
>06 1.8 (Ppm)TSS - UF desalination 2007
- 1.845 Particle size(l)
Turbidity
0.% 2-4 (NTU)
Removal Characteristic
percentage L Burnett
99 Turbidity (NTU)
Removal Inlet concentration Characteristic
percentage
Oil & greases _— Beech
94.31-47.32 42.5-192.8 (bpm) - 3types UF desalination 2006
Turbidity
95.75 -99.87 252.3 -1000 (NTU)
Removal UF MF . .
(%) effluent effluent influent Characteristic
9881 05 34  26-4p Ol &greases
(ppm)
97.06 5 10 105-170 (ppm)TSS Indirect Current stud
99 92 005 15 59.85 - Particle ultrafiltration MF, UF  desalination results y
) ) ' 72.34 size((W) Aow : 2 LPM
Turbidity
98.53 0.6 5.4 24 - 40 (NTU)
Membrane recovery at the end of the process : 96.32
%
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Abstract:
The rapid boost of wastewater volumes produced in the world is opening a new market for membranes,
which have a significant potential to take the role as the main technology for these applications. today, an
increasing number of wastewater treatment facilities are using membrane technologies, and this number is
growing year by year. Membranes processes have high selectivity values required to achieve high water and
wastewater quality standards, are more cost-effective than other conventional processes, require less area,
and can replace several unit treatment processes with a single one.
In the past years, microfiltration (MF), ultrafiltration (UF), nanofiltration (NF) and reverse osmosis (RO)
membranes, as well as membrane bioreactors (MBRs), have been increasingly implemented in water and
wastewater treatment processes such as groundwater, desalination of brackish water and seawater, and
decontamination of wastewater of diverse nature and sources, e.g., including urban wastewater, coking,
carwash, nuclear power, power engineering, steel industry, textile and tannery, pulp and paper,
pharmaceutical, and agro-food industries, such as dairy, beverage, winery, tomato and olive oil, among
others. Other membrane processes, such as electrodialysis (ED), membrane distillation (MD) and forward
osmosis (FO) are also being explored.
Produced water is the largest waste stream generated in oil and gas industries. It is a mixture of many organic
and inorganic compounds. Because of the increasing volume of waste all over the world in the recent decade,
the outcome and effect of discharging produced water on the environment has lately become a significant
issue of environmental concern. Produced water is conventionally treated through different physical,
chemical, and biological methods. In offshore platforms because of space constraints, compact physical and
chemical systems are used. However, current technologies cannot remove small-suspended oil particles and
dissolved elements. Besides, many chemical treatments, whose initial and/or running costs are high produce
hazardous sludge. As high salt concentration and variations of effective characteristics have direct influence
on the turbidity of the effluent, it is appropriate to incorporate a physical treatment, e.g., membrane to refine
the final effluent. For these reasons, major research efforts in the future could focus on the optimization of
current technologies and use of combined physico-chemical and/or biological treatment of produced water in
order to comply with reuse and discharge limits.
The objective of this study was to evaluate the feasibility of treating desalting plant produced water to meet
the applicable flow rate limits and injection to well standard consistently using single and hybrid membrane
processes to reduce the risk of clogging of the injection well. The treated effluents of two sand filtration
units from Aghajari maroon were used as feed. A Pilot scale hybrid membrane unit with a spun
polypropylene of 0.45 p pore size microfilter and a hollow fiber polypropylene of 0.1 to 0.01 p pore size
ultrafilter membrane were used in this study. Trials on different membrane fluxes were conducted for two
processes: microfiltration, and hybrid micro and ultrafiltration processes. Results show that flow rate of 32
LPM was more applicable. The optimal flux was 120 LMH. The average removal percentages of Turbidity,
Oil and grease, TSS and particle size were 98.53, 98.81, 98.23 and 99.93, respectively. The results showed
that the quality of the product consistently met the requirements for well injection. It is concluded that it is
feasible to treat the produced water using micro and ultra filters.

Keywords: Produced water, desalting plant, microfiltration, ultrafiltration, membrane filtration, hybrid
membrane processes, disposal well.
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LQR 2.0398 57.8899 543.9438 52.1481
DE 2.0275 54.6973 516.9333 51.0561
average  2.0308 55.0523 521.3245 50.8276

Table 4: Maximum responses of two-story shear frame under
Imperialvalley earthquake
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Jo 0.0532 0.052 0.0518

Table 5: Performance Indexes of two-story shear frame under
Imperialvalley earthquake

3 als Sl @algig J 8 Jlesl 5l Jolb ol
L_.» 4_.,,.:\.2,‘: BE o)'t_w C‘-‘;J—*” E) QL_{\AJ::;G 6[)’5@@ M;L‘

3L 350 e Sl J RS (S50 s AL LQR )

185

435 S Cow 2DOF (go 5l P33 Sakb o sl (0) I
Imperialvalley

Velocity(mm/sec)

UnControlled
Controlled

-1

0 5 10 15 20 25 30 35 40
Time(sec)

Fig. 5: The velocity response of top story (2DOF) under
Imperialvalley earthquake

L;‘dj‘_) &:'j"': e 2DOF LgA)L..« r)) 6@ ul:...:: c-w\-l (-\) Jg.-:/
Imperialvalley

. 2.
Acceleration(mm/sec”)

UnControlled
Controlled

5 10 15 20 25 30 35 40
Time(sec)

Fig. 6: The acceleration response of top story (2DOF) under
Imperialvalley earthquake

s S o Co 2DOF (g6 5l £32 saak J xS 5o, (V) Ji...:
Imperialvalley
60

40r
20+
0

204

Control Force(kN)

40t

-60
0

5 10 15 20 25 30 35 40
Time(sec)

Fig. 7: The required control force at top story (2DOF) under
Imperialvalley earthquake

S8 o 2DOF (o5lus 5 Shas [l (g 3luang L5, (A) IS5
Imperialvalley 433
2.8

2.7
2.6
2.5
24

23

Best Cost for "J"

22

2.1

2

0 10 20 30 40 50
Iterations

Fig. 8: The convergence curve of the performance index
(2DOF) under Imperialvalley earthquake



ﬁﬂj@b}a}&'lsb\? JAKSVJ._[))Q\_)\aéw‘buo)bﬁwdwjxjjf‘k

S5 2o 2DOF (o3l 5 Shas astld ($iluaig L5, OF) IS Gl 1 slie ol 3 50 5 Ses gla ol (gl ol

e 5 SLE LQR Su¥S s, Ly amglie 52 DE o 25

0.716 Aas e
0.714 Lomaprieta (g4 15 ¢S5 oo S (65137 45 95 (g0l —Y=1-0
E, 64.!)) &jﬁ Co 2DOF 65)\.\.4 r)} 64.5.«.19 QKAJ::JL? c\.aLl (d\) Jg..i
_'5 0.712 Lomaprieta
&
2 0.1
S
‘g 0.71 o 005
= H
i o0
0.708 £
UnControlled
Controlled
-0.1
0706 . N . N 0 5 IOTime(seC) 15 20 25
0 10 20 . 30 40 30 Fig. 9: The displacement response of top story (2DOF) under
Iterations

Fig. 13: The convergence curve of the performance index Lomaprieta earthquake

(2DOF) under Lomaprieta earthquake

LSUJ‘J g.<3J,>J Cow 2DOF LS"JL"" (sjb 6@ C,J«J.u cul.i (\') Jg.«
Lomaprieta

S35 S o 303l s 53 el e S slagal 1 s 08
Lomaprieta 0.6f
J Dmax(mm) Vmax(mmlsec) Umax(kN)

LOR 0.7159 54.3281 434.9845 41.8218
DE 0.7071 53.7566 430.819 40.6933

041

02r
0
S02f

Velocity(mm/sec)

04 UnControlled
average 07071 538019  431.0046  40.8010 i conwoten
Table 6: Maximum responses of two-story shear frame under ! ’ R » »
Lomaprieta earthquake Fig. 10: The velocity response of top story (2DOF) under
Lomaprieta earthquake
S o 3T 4 53 Sesle s Shes slaas i Y Jyis S35 S 2o 2DOF (65l pss (saib it imly (1)) IS0
Lomaprieta s4J3); Lomaprieta
LOR DE average i
J; 0.6346 0.6218 0.6220 g 2f
J 0.6877 0.6787 0.6792 £
g 2
J3 0.8713 0.877 0.8759 Fat
<
WA 0.8942 0.8778 0.8789 6| T unControlled
-3
Js 0.4578 0.44447 0.4453 0 ; " ety = »
Js 0.4654 0.4522 0.4527 Fig. 11: The acceleration response of top story (2DOF) under
Lomaprieta earthquake
J; 0.5899 0.5815 0.5809
R 05704 05556 05563 SUP3 S o 2DOF esle 2 4k U328 50,6 (V1) JS2
8 . . . .
Lomaprieta
Jg 0.0426 0.0415 0.0416 “
Table 7: Performance Indexes of two-story shear frame under
Lomaprieta earthquake >
63157 4= 45 03 (o3l —Y-0 “—“; ’
Parkfield (g4 5 ¢S5 o Cowi (315T 4o 43 03 (g0 3lw =V =Y=0 ©
St bS5 gsle iy 28 LS jf.'l_f Jsla= 0y s 10 15 20 25
N Time(sec)
G55 Sl s o5l ol 6l IS 5 s La?b Fig. 12: The required control force at top story (2DOF) under

Lomaprieta earthquake

186



\Y‘Q-\Jb/\ A)Lo.i/v.h.b.uhejji

ote Ol jos cwdige agh — oode aloe

o5 10DOF (503l 5 Shase ot li (5luang Ligy OA) K3

Best Cost for "J"

Parkfield 455 & =

29t
2.8
2.7
261
25t
2.4

2371

2.2 . . .
0 40 60 80
Iterations

20 100

Fig 18: The convergence curve of the performance index

(10DOF) under Parkfield earthquake

Lg‘d)j) L.<3J.>J ol LSJ‘JT a3 6 6:)@ MJSL‘ LSLQC“’LI A dj.l>

Parkfield
J Diax(Mm)  Vpax(mm/sec) Unax(KN)
LQR 26968 23.0211 167.7452 165.9147
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average 2.2922  17.5536 118.8966 160.1096

Table 8: Maximum responses of ten-story shear frame under

Parkfield earthquake
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Jy 0.1987 0.1322 0.1393
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Table 9: Performance Indexes of ten-story shear frame under

Parkfield earthquake
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Fig 14: The displacement response of top story (10DOF) under

Parkfield earthquake

-3 S S 10DOF (g3l pE sak Co C_.NL_. (Vo) K
Parkfield ¢

Velocity(mm/sec)

0.5

-0.5

Bl

nComroIIed
Controlled

0 5 10 15 20 25
Time(sec)

Fig 15: The velocity response of top story (L0DOF) under

Parkfield earthquake

435 S 2 10DOF (65l a5 (sakb ol ey (1) IS

. 2
Acceleration{mm/sec”)

Parkfield

0
1
2k
at UnControlled
Controlled
4 T . L .
0 5 10 15 20 25

Time(sec)

Fig 16: The acceleration response of top story (1L0DOF) under

Parkfield earthquake

i3l Km0 o 10DOF (g5l oo S J 28 (650 (V) s

Control Force(kN)

-100
0

200

150

100

50F

0

S0f

Parkfield

15 20

Time(sec) )

5 10

25

Figure 17: The required control force at top story (10DOF)

under Parkfield earthquake



O et Use 5 (51 ol

o3l a3 93 g3l s Shas sla yasla Jals dsys (V) Jsds
A.JUza;)}ALgL:sAJJ‘J)';;JLQR D) A e

Mammoth Taba Whittier

JAKE r.?._uﬂ\ _)\ ealaa! L LAA)L.u Saag JL*.‘) JJJLS f‘J‘lﬂ

Koo o (93031 s 55 go5le e Sl lagal, (00) o
ot anlllae slad 53

J Dmax(MM  Vimax(mm/sec)  Umax(KN)

Kobe Parkfield
lake S narrows 2.0398
mperial QR 57.8899  543.9438  52.1481
G389 L 04 163 349 valley e 20275 546973 5169333 51.0561
J, 337 075 068 gg 157 : : :
3 676 098 23 3 576 Lor 03901 578389 2333637  48.7784
' ' 2.88 : Kobe 0.3884
Ji 111 048 : 133 375 DE 27.0115 2413711  44.8177
-153
b 412 1.08 192 153 Lor 07159 543081 4349845  41.8218
J  -039 1.19 -407 139 246 Lomaprieta 07071
DE 53.7566  430.819  40.6933
J;  -454 -018 304 o014 38 —
B -0l 1024 251 78 19 Mammoth  LOR 416521 3309969  31.9844
b 812 091 9064 go5 98 lake DE 09843 414049 3249335 316921
Table 12: Reduction percentage of performance indexes 01320
compared to LQR for two-story shear frame under studied Darkfield LQR ™ 245515 279.2272  26.6465
arkrie
earthquakes pE 0138 43645 2830037 131525
3T a5 03 o3l 5 Shas sl jasls 2alS Ao ss (V) Jsdr LQR 07587 463956 4244849 413702
B ) ) Tabas 07522
alas 5,50 slad s Cos LQR 55 40 DE 46,0931  418.6984  38.8689
0.1378
Imperial |~ Loma Mammoth L. . Whittier whittier  LOR 273727  279.1892  58.2020
valley prieta lake narrows narrows pE 01368 57165 279.8755 524956
J; 716 48.07 30.39 50.7 5461 66.47 Table10: Maximum responses of two-story shear frame under
J, 5348 1597 1019 2452 4205 5961 studied earthquakes
J 5158 29.79 13.33 31.08 4178 49.76
J, 4853 2885 1828 2524 36.64 5848 S o (@305l a3 03 gesl e SUe slagealy (V) It
J 5754 2371 2071 3341 3489 51.89 ok aslllas sladd 3l
J 58.11
6 5417 2047 1323 2502 4458 3 Dina(mm) Vg (Mm/sec) Upax(kN)
J 46.86 1297 4.25 15.6 29.98 53.07 LOR 21883 151007 508450 195549
Jg 5147 2832 1833 2415 3305 604 'mplflf”a' R ' ' :
Jo 1009 -1565 -916  -1003 - -1438 valley  pg 15326 gg5599 55192 183623
Table 13: Reduction percentage of performance indexes LOR 12970 1957 1.421 193.164
compared to LQR for ten-story shear frame under studied Kobe Q 05788 614210 9316
earthquakes DE 12180 99724 656506 190.1773
2.0027
= LQR 253645  79.2757  245.9689
S5 Al 9 Som -1 Lomaprieta T
. . DE 1815 226424  67.8060 211.4200
e o3lgiy S s Slas fagi ol s yP— 50643
_ LQR 19.4617  73.4676  244.8707
S LLQR s L acmslie 53 sl WSS 2,50 lake  °
1.7624
o . . DE 16.7939  79.2689  218.1853
GL_J.: NS WY JL':)J\ V_Gﬂ 64_1)) V o o)Lw 9 ubt&:)‘ 56963
_ _ LQR 4 230211  167.7452 165.9147
=l sl s Shee Sy g3 slagsluans 5l fol> Parkfield 52813
DE 4 18.6649  117.4567  154.462
b F L« el 4 Slows j5 &
A S e b Sl 4 s 2 LOR 09798 79150 1032541 183.748
L - N DE = - 5ol Tabas
o 02 S @UIS 5 DR ) slac s Cnl s DE 089% 57669 821539 179.5372
Sla S dexr 5l Slabs o ()b o5 S 05500 Whittier LQR 107938 5068 2238450 228.1499
s |y il il 48 35 0 o geime J S namows  pg 7.9878 239121 1053745 204.4482

C,...ﬂla.x.\::wLQR J‘Q‘j)b

1388

Tablell: Maximum responses of ten-story shear frame under
studied earthquakes



\YA-\JLN/\ A)La.i/v.hvb.the)}:

[14] Mohebbi, M. & Joghataie, A. 2012 Designing
optimal tuned mass dampers for nonlinear frames by
distributed genetic algorithms. The Structural Design of
Tall and Special Buildings, 21(1), 57-76.

[15] Amini, F., Hazaveh, K. & Rad, A.A. 2013
Wavelet PSO-Based LQR Algorithm for Optimal
Structural Control Using Active Tuned Mass Dampers.
Computer-Aided Civil and Infrastructure Engineering,
28, 542-557.

[16] Joghataie, A. & Mohebbi, M. 2012 Optimal
control of nonlinear frames by Newmark and distributed
genetic algorithms. The Structural Design of Tall and
Special Buildings, 21(2), 77-95.

[17] Wongprasert, N. & Symans, M. 2004 Application
of a genetic algorithm for optimal damper distribution
within the nonlinear seismic benchmark building.
Journal of Engineering Mechanics, 130(4), 401-406.
[18] Bagheri, A. & Amini, F. 2013 Control of
structures under uniform hazard earthquake excitation
via wavelet analysis and pattern search method.
Structural Control and Health Monitoring, 20(5), 671-
685.

[19] Amini, F. & Bagheri, A. 2012 Optimal control of
structures under earthquake excitation based on the
colonial competitive algorithm. The Structural Design of
Tall and Special Buildings.

[20] Cha, Y.J. & Agrawal, A.K. 2013 Decentralized
output feedback polynomial control of seismically
excited structures using genetic algorithm. Structural
Control and Health Monitoring, 20(3), 241-258.

[21] Kundu, S. & Kawata, S. 1996 Genetic algorithms
for optimal feedback control design. Engineering
Applications of Artificial Intelligence, 9(4), 403-411.
[22] Storn, R. & Price, K. 1997 Differential
evolution—a simple and efficient heuristic for global
optimization over continuous spaces. Journal of global
optimization, 11(4), 341-359.

[23] Ohtori, Y., Christenson, R., Spencer Jr, B. &
Dyke, S. 2004 Benchmark control problems for
seismically excited nonlinear buildings. Journal of
Engineering Mechanics, 130(4), 366-385.

189

ote Ol jos cwdige agh — oode aloe

References &l Y

[1]Yang, J.N., Akbarpour, A. & Ghaemmaghami, P.
1987 New optimal control algorithms for structural
control. Journal of Engineering Mechanics, 113(9),
1369 1386.

[2] Basu, B. & Nagarajaiah, S. 2008 A wavelet based
time varying adaptive LQR algorithm for structural
control. Engineering Structures, 30, 2470 2477.

[3] Amini, F. & Tavassoli, M.R. 2005 Optimal structural
active control force, number and -placement of
controllers. Engineering structures, 27(9), 1306 1316.
[4] Athans, M. 1966 The status of optimal control theory
and applications for deterministic systems. Automatic
Control, IEEE Transactions on, 11(3), 580 596.

[5] Kumar, M.S. & Vijayarangan, S. 2006 Design of
LQR controller for active suspension system. Indian
journal of engineering and materials sciences, 13(3),
173.

[6] Mousanejad, T. & Pourzeynali, S. 2008 ! e JaS
Jlrd e 55Suns sla S) e ) edlifil L il (slgilaials (Seismic
control of tall buildings using semi active viscous
dampers) in 4th National Civil Engineering Conference,
Tehran, Iran, (In Persian).

[7] Younespour, A. & Ghaffarzadeh, H. 2014 Structural
active vibration control using active mass damper by
block pulse functions. Journal of Vibration and Control,
1077546313519285.

[8] Ghaboussi, J. & Joghataie, A. 1995 Active control of
structures using neural networks. Journal of Engineering
Mechanics, 121(4), 555 567.

[9] Joghataie, A., Neural networks and fuzzy logic for
structural control. 1994, University of Illinois
Engineering  Experiment  Station.  College  of
Engineering.  University lllinois at Urbana
Champaign.

[10] BaniHani, K. & Ghaboussi, J. 1998 Nonlinear
structural control using neural networks. Journal of
engineering mechanics, 124(3), 319 327.

[11] Bhardwaj, M. & Datta, T. 2006 Semiactive fuzzy
control of the seismic response of building frames.
Journal of structural engineering, 132(5), 791 799.

[12] Pourzeynali, S., Lavasani, H. & Modarayi, A.
2007 Active control of high rise building structures
using fuzzy logic and genetic algorithms. Engineering
Structures, 29(3), 346 357.

[13] Ribakov, Y. & Dancygier, A. 2003 Optimal
control of MDOF structures with controlled stiffness
dampers. The Structural Design of Tall and Special
Buildings, 12(5), 351 369.

of



Modares Civil Engineering Journal (M.C.E.J) Vol.16, No.5, November 2016

Design of optimal controller of structures:
Differential evolution algorithm

J. Katebi'”, M. Shoaei-parchin?

1- Assistant Prof., Structural Eng. Dept., Faculty of Civil Eng., University of Tabriz
2- M.Sc. of Structural Engineering, Faculty of Civil Eng., University of Tabriz

* jkatebi@tabrizu.ac.ir

Abstract:

One of the most important goals of optimal control of structures is achieving the desired reduction in
responses using minimal control forces. Regarding many researches conducted in the field of active control,
several control algorithms have been presented over the past few decades. Most of these researches calculate
the required control forces by optimizing a second-order performance index. There exist simplifying
assumptions in formulation of these classic algorithms and constraints in mathematical optimization
techniques that have been used in optimizing the performance index. For example, because of unknown
nature of earthquakes, the LQR classic controller cannot consider the external forces -as earthquake
excitation- in calculation of control signal. This may make difficulties in finding the optimal solution for
optimization problem. Metaheuristic optimization methods, such as differential evolution, are modern
algorithms and because of their special capabilities in finding global optima are powerful tools that can be
used in solving complex problems. Despite of many advantages, these methods has not been used
extensively for solving civil engineering problems, especially in the field of active control of structures. In
this paper active control of structures is considered as an optimization problem and a controller is proposed.
The controller uses the differential evolution metaheuristic algorithm for finding gain matrix elements of
active control problem. The gain matrix elements are globally searched by differential evolution algorithm to
minimize the LQR performance index. The proposed method is repetitive and does not need to solve the
Riccati differential equation. Therefore, it is possible to consider the effect of external excitation in finding
the gain matrix and calculation of control signal. The controller is applied on sample 2DOF and 10DOF
structures. Responses of these structures under several excitations from the historical earthquake records are
obtained by MATLAB programming. In addition to the performance index, the maximum control force,
maximum displacement and 9 benchmark indexes -previously measured in controlled structures- are
calculated in this study. These indexes represent the reduction of controlled maximum and average responses
of structure in comparison with uncontrolled responses. In order to evaluate the effectiveness of the proposed
controller, these 9 performance indexes are calculated for 2DOF and 10DOF examples against 7 historical
earthquakes and are compared for proposed and LQR controller. The simulation results indicate that the
proposed method is effective in keeping the controlled responses of structures in desired range. This is also
efficient in reducing the vibrations of structures with lower need to control the amount of energy in
comparison with LQR algorithm. Because of the great capabilities of DE algorithm in searching large spaces
and due to the iterative nature of controller, it considers the effects of external forces in control process.
Numerical simulation shows that performance of the presented control algorithm is better than the LQR
controller in finding the optimal displacements and control forces. Therefore, metaheuristic algorithms such
as differential evolution can be used in active control of structures to achieve more efficient results in
comparison with classic controllers.

Keywords: Active Control, Metaheuristic, Differential Evolution, Optimization.
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Abstract:
Adding steel fibers to reinforced concrete improves the active mechanisms on crack surface including
tension and shear transfer mechanisms. In Steel Fiber Reinforced Concrete (SFRC), tensile stresses are
developed in fibers and deformed reinforcing bars just after crack initiation. With this beneficial effect,
concrete tensile strength is improved and crack spacing decreases. In this research, SFRC member behavior
is analytically investigated under pure tension and in order to verify the model, the results are compared with
some recent experimental results. From the viewpoint of constitutive modeling of RC elements, there are two
main approaches, discrete crack and continuum level models. The major disadvantage that adheres to
discrete crack models is the fact that these models focus on the local crack behavior and seek to detect the
crack paths, which of course requires a high computational cost. By contrast, continuum level models take
advantage of the spatially averaged models between two primary transverse cracks. In a process of
developing average constitutive models, it is important to model local mechanisms, these mechanisms in a
reinforced concrete domain are related to initiation and propagation of cracks.
In this article, the tension stiffening model is developed considering all effective local stress transfer
mechanisms including tension behavior of deformed bar, fibers pullout, tension softening of plain concrete
and bond slip-stress between the reinforcing bar and concrete matrix. Straight and end hooked fibers have
different mechanisms during pullout such as debonding, friction and mechanical anchorage of end hooked
fibers. To predict the fiber tensile behaviors, it is necessary to define fiber stress transfer mechanism on the
crack surface. The most important parameters that affect fibers behavior are material properties, size and
geometry, distribution and orientation of fibers. The model used in this research considers a uniform random
distribution for fiber’s geometrical location and inclination angle. In this model, the slip occurred in the fiber
is considered on both sides of fiber embedded in concrete. The bond slip- stress behavior of straight fiber is
defined as linear before the bond stress reaches to the bond strength, then the bond stress is considered
constant until the complete pullout. In end-hooked fibers, in addition to debonding and friction, the end
mechanical anchorage of the fiber has also an important effect on the bearing capacity. In fact, in the process
of fiber pullout, hooked part of fiber most have plastic deformation. To simulate it, a parabolic model is
used. In order to solve the algorithm, an iterative analysis method is applied to calculate tension stress-
elongation of specimen. To increase the accuracy of the model, the local yielding of reinforcing bars and
matrix damage at the crack surface are also numerically simulated. Model verification is carried out by
comparing the computational predictions with available experimental results. The results show good
agreement with the test results. The proposed model is also shown to be useful in considering the effect of
various percentages of fibers on average stress-strain behavior of deformed bar, total load elongation of
specimen, crack spacing and concrete tension stiffening. By increasing fiber percentage, crack spacing will
decrease so the average stress- strain behavior of deformed rebar becomes more similar to the bare bar.

Keywords: Fiber reinforced concrete, Tension stiffening behavior, Steel fiber, Average stress field.
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Wall Vertical Load (kN) Vertical Stress (MPa)
SW30 30 0.15
SW100 100 0.50
SW200 200 1.00
SW250 250 125

Table 1. Stress and corresponding vertical load values for
SW30, SW100, SW200, SW250 walls
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Walls SW30, SW100, SW200, SW250

Specific Weight (tonf/m®) 25
Bulk Modulus (kN/m?) 8.61E6
Young’s Modulus (kN/m?) 1.55E7
Shear Modulus (kN/m?) 6.45E6

Poisson’s Ratio 0.2

Foundation and Loading Beam

Specific Weight (tonf/m®) 25
Bulk Modulus (kN/m?) 1.75E7
Young’s Modulus (kN/m?) 3.15E7
Shear Modulus (kN/m?) 1.31E7

Poisson’s Ratio 0.2

Table 2. Material properties used for blocks in numerical
model

Laojys (gade Jde 5 ealaul 5 40 CSLQA Slasein (F) Jsd

Shear Stiffness (kN/m?) 2.45E6
Normal Stiffness (kN/m?°) 5.87E6
Friction Angle (Degree) 318
Cohesion (kN/m?) 0

Dilation Angle (Degree) 0

Table 3. Material properties used for joints in numerical model
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Fig. 1. Adopted geometry for the dry stone masonry walls and
schematic loading arrangement [1]
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Fig. 2. Blocks and joints in numerical model
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0.74 0.82 18.3 16.6 224 SW30
1.08 1.05 47.1 484 450 SW100
1.28 1.10 776 89.9 70.3 SW200
1.06 - - 109.0 102.7  SW250

Table 4. Wall ultimate strength for experimental specimen and
numerical method
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Np3 sl s W plralr e o ol L Jlosei (0) IS5
SW200

Lateral Load{KN))

SW200_Test
/ SW200_Test 2
" =+ = FEM_Lorencc
10 f IDEC_Deformable Blocks

/ IDEC_Rigid Block

Fig. 5. Lateral load—displacement diagrams for SW200 wall

g3 6l e VL wbralr ol s Sl b s sl (T)Ji.i

SW250
00 — 1 -
=
=
s
z /
X
. /
T /
5 40 /'/
J
4
/ SW25 t1
0 /
//
o ¥
o 2 4 6 8 10 1 14
Wall Top Displacement(mm)

Fig. 6. Lateral load—displacement diagrams for SW250 wall



KBJJU}L?‘JAJ.:}.;

&)LWJ.M S8 “ &Lu dL‘AA le.lh)\ﬁ.) LI"L“"bJJ‘ QJL«;— u‘t’“ﬁ

slaslgs sl oles Vb s pln oo Sl bl e ganslie (4) IS

SW30, SW100, SW200, SW250

Horizental Force(KN)

6 8 10
Wall Top Displacement(mm)

Fig. 9. Comparison of lateral load vs. wall’s top displacement for
walls SW30, SW100, SW200, SW250

PSS i o ol g Y

Slosle ohsn daesle jo 2t Eow 3 age 2l Sl S
sl s s 4l 0T s ol 5 855l ¢ gl s
e daosle o2 sl awiie L3 Ipme Ol i,
O3 0k o (S 030 Ll ol Sl S ARl
S S0kea A3 e 1l 5 5[] ABASS s 5 Jlps 5
Slr aer 2 Ghp kbl osd e Sl (V0 K) 5 S
St gt 5 EPhe (3 S b s Se e STl
s ML bl el w83 Ol b S (55 e
Glr il ojle aaSS cuts SOl &S ud bl 550
S G S (e S so) (g 3l Cand S skt
U abralr ol 505800 bralr o6 g 50 (SJsode gl
oslizad b 2T oy Dl b LS o Ly aslsl g 5
SEasl 3l b bl Caslie eled (el sl
JSize &8 el 1/OVOX A VY MP s s slal g dal
M cazi b Sibesl .ol YV /0x0 cm® sl b sla >
bl e 3 e ey o OLL 4 5l S e SNE
Slodie ds Las 5 asite OF (sla fos 5 S - o
ghw 0> o o2iS Caslie 5 (S (55 Ll 0
3i50 plas 5 Sk Slasie (35 plnil LS5l S 2t
el ool (U 50) Jsd 533DEC (g3led e 5 oxlind

oz (1) UK2) 43 3DEC 5 alesl Sl ol = semlia
e 03 el ey )08 3DEC gladue &S A e

ol i T s sl

208

&(f- Je wtﬁ CJJL.’)M.)@ U’:’)‘Jg b w;y_}Sﬁ:.aLa
i iy oS S0k 50 b s 3 S e Ol | ol
(/\ Jg.&) BE M)& 4.1“)‘ )\ﬁb Ca.:ﬁjb )\ Whﬁ u,:naﬁ L

J\J(bJu;: bb‘b ULJ;J th)")b 9 dLaﬂ DL Q&Aﬂz.: LEL“)}I;S

@3de s ARELT e 5 ol 2 55k (gaslie V) K

Fig. 7. Failure mechanism in experimental specimen and numerical
method

Sl (©) plomlr (glay 518 () s Jo S bl () IS5

(b)
Fig. 8. Block displacement in numerical model: (a) Displacement
contours (b) Displacement vectors

@

e s G2 S S (Al s ol (S LG
31 Lol a5 (SW100 5 SW30) il ass s 53 slralr
ol (5305 et S o3l IS S8, s IS 4 s
LS o
G Covi s 3 & 350 e sdalis () K3
B Bl ol 5 e I e Dl GV b
o ARl b sl b il o oS
2B o S5 L GRSl A B sl
5 S s s GaS 5 L slaises 4 o Jlatl Ole

sl 0 adaline 50 (g3de (slade



\Y“\-\dl.w/ \ o)Lw.f:/r.hJ@ 092

oot Ol e wdige gk — ode dae

1 i wllo) o oLl ¢
dIsge (sl el 05580 Cawdds e et plals
Seslinad b (50 g IS 5 (gl e Gl ( anb (36 2)
slo bl Sl ol (Sobus 5l la mlil (5,83l
dasile (g3de Jde Jlayiosa s Ol o sdel Cwudas JIs 4
ol i s el Glacanl e 055 Iy 5 ek
Lo S, Ko 5 15 31 L3 48) ki a5 s o3l
elobs o sy, bl 535 esliad (s 0 5505 o5l 4
b s o o S el (Sl glaesls  aesle
(A S 2 oS el @l Sl eslid s
oz 5 ke dlge gla bl lsaad Ol L dnes s
slaiss el goile LS Wl gosle 2 gl
b hss ol Lsdpr o ol 5o lles ) i sl
e e cesle 53 ol Dl 3 s oS sl Jool ol
S S b Sla IS ) e Sy ooyt s

2 (ol S 5 5250

sdos 03 ) hlesl 53 lsge jasits e gla s,
S o) spry S e 03 e s Ol Seism 3 e
Sl 5 S gesp w1l ke 0T o S e
S ls b B Sl Bl sl ) gl b
Sl Ol el Jds a4 sl SO 3 e e )
—ma A Jase sele asds (s sl il e Sl
e

‘O .

Saalsl ¢SS nlie G Sy s S o gome O 3l esliza

Solos v 5 S A &l Ve gans ol 43 S ol
e A D Sars =l

bla cib Gy bawlie 53 .ol le bl ol o,
4 A8 o8 e Sess by o a8 B L iy ol sl
LB Sl re Son o calde s ple baglis 3o dle
4 3 (Geis 5 IS e )8 L RIS lresly (5ol

.MJ& Cawd

‘_}"‘“ QLJ')‘JS‘CJ.: BL L5‘°jL‘ r‘:". 5 —-F=)
ol Jlsge (sla el sl gl wd olal fiy &S & Solea

a5 s o) 16 S Ua] Sl sla S
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Fig. 10. Experimental and numerical model of the wall
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Specific Weight (tonf/m®) 2.2
Poisson’s Ratio 0.2
Table 5. Material properties used for blocks in numerical model of
the wall
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Shear Stiffness (kN/m®) 0.82E7
Normal Stiffness (kN/m®) 1.96E7
Friction Angle (Degree) 38

Table 6. Material properties used for joints in numerical model
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Fig. 11. Failure mode of experimental and numerical model for the
wall subjected to support settlement
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Table 7. Frequencies extracted by pick picking method and FEM
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Table 8. Frequency variation in different damage states of wall
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Abstract

Dry-joint construction method is among the oldest techniques adopted in most of the ancient and historical
masonry buildings. Historical structures constructed using this method are highly vulnerable today. In
addition, the strength of mortar is strongly affected —in most cases- by the passage of time and corrosion.
Thus, the structure behavior would most likely be dependent on the dry-joint characteristics. Therefore, non-
destructive dynamic-based methods are attractive tools to assess the existing damages of masonry walls, as
they are capable of capturing the global structural behavior. In this paper, micro-modeling approach is
adopted for the evaluation of masonry walls. The approach is based on the application of Distinct Element
Method (DEM) as assemblies of units consist of block and mortar. Idealization of discontinuous nature
governing the nonlinear mechanical behavior of the mentioned units is considered trough the modeling
approach. Due to the heterogeneous and complex behavior of the interface between blocks and mortar, DEM
seems to be the best-adapted approach for modeling this kind of structures, in particular for reproducing
complex nonlinear post-elastic behavior. At the first step, micro-modeling strategy is used for masonry walls
by DEM, and particularly post-elastic behavior is verified with valid experimental data. However, DEM does
not directly obtain natural frequencies and mode shapes of the wall via a classic vibrational analysis.
Therefore, the second objective of this study is to propose a technique to indirectly identify dynamic
characteristics of masonry walls using DEM. The aim of this part is to check the capability of dynamic
identification procedure, in the extraction of the dynamic characteristics of the masonry wall in the used
DEM software. For this purpose, the dynamic behavior at low vibration levels of an existing masonry
building subjected to forced hammer impact test, was investigated. By transforming the collected data of the
dynamic response of wall from time domain to frequency domain -using Fast Fourier Transform (FFT)-
natural frequencies can be found from Fourier amplitude spectrum. The proposed technique is then validated
by comparison with the results of modal analysis which was carried out using Finite Element Method
(FEM). The dynamic characteristics of walls (i.e., natural frequencies and mode shapes) may change when
different levels of damage are induced to the wall. The proper knowledge of these variations is a key issue in
order to study the seismic demand and seismic performance of structures. Aiming at finding adequate
correspondence between dynamic behavior and internal crack growth, several numerical simulations are
performed; progressive damage is induced in the wall; and sequential structural frequency identification
analysis is then performed at each damage stage. In this paper, frequency and drift are selected as dynamic
behavior and crack growth indices, respectively. Quantifying the relative frequency drop shows that although
the shape does not vary significantly with increasing damage, there is a relation between frequency drop and
damage variations -based on analyzed data. These properties are firstly modified in the elastic range, and
then are developed in the inelastic range with increasing damages. It is also observed that while the failure
mode of the wall is the diagonal cracking, the in-plane vibration mode shapes are much affected by the
initiation of crack. On the other hand, modal properties of out-of-plane mode shapes are affected less by the
diagonal crack.

Keywords: Damage identification, masonry walls, distinct element method, frequency drop
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1 basic linear algebra sub-programs

2 free/open source

3 closed source

4 AMD core math library

5 Intel math kernel library

6 automatically tuned linear algebra software
7 open basic linear algebra sub-programs



WAL /Y o)/ padia o0 ooe Ol jas pwlige ash — oole does

oolitul 3550 (5 )l38lp 5 (sl i 9 Ik, St Slatio =) Joa
System CPU RAM (O8] C++ compiler Mathematica

Type Cores
Ubuntu 12.10 .
1 Intel Core2 Duo P8600 2 4GBDDR2 (64 bit Linux) GCC4.6.3 9.0.1 (64 bit)
Ubuntu 12.10
(64 bit Linux)
Ubuntu 12.10 .
(64 bit Linux) GCC4.6.3 9.0.1 (64 bit)

Table 1 — Specifications of hardware systems and software platforms

2 AMD Phenom Quad core 9950 4 4 GB DDR2 GCC4.6.3 9.0.1 (64 hit)

3 Intel Core i7 2700 4+4 8GB DDR3

Voosleds s (53 alpo e fle el o alizs sla s, (2, Aulie — Y Joux

Coefficient matrix dimensions

80x3528 160x%3528 80x13448 160x13448
Optimization =z o D o z o D o
[«5) [«5) [<5) [<5)
performed £ o £ 3 = 3 £ 3
e (5] el (5] - (5] - [«B]
[ o [ o [ o [ o
> (9p] > wn > wn > w
x x (04 04
None 1.50 1.00 2.97 1.00 5.56 1.00 11.03 1.00
]
k= ParallelTable 1.25 1.20 2.94 1.01 5.16 1.08 8.77 1.26
|5
g Compile 0.29 5.11 0.56 5.34 1.08 5.16 2.05 5.39
Compile and 0.30 5.09 0.56 5.32 1.03 5.42 1.99 5.54
ParallelTable
None 0.12 12.32 0.19 14.84 0.34 15.40 0.59 17.90
&
OpenMP 0.07 19.44 0.11 26.21 0.21 25.27 0.33 31.62
Table 2 — Comparison of performance in building coefficient matrix on System 1
Y oo)led i (59 culpo o ple cle jo bz sla by, (2 anlie — ¥ Joox
Coefficient matrix dimensions
80x3528 160x3528 80x13448 160x13448
Optimization © =) © 2 © o w o
performed E —_ - g — ] § — -g E — -g
S < 3 S < o S < o =< 3
>
T & T & T & T &
None 1.45 1.00 2.83 1.00 5.30 1.00 10.57 1.00
(1]
(&)
g ParallelTable 0.55 2.62 0.97 2.92 1.83 2.89 3.49 3.03
(5]
c%- Compile 0.27 5.48 0.50 5.65 0.95 5.60 1.82 5.81
= Compile and
0.28 5.28 0.51 5.54 0.95 5.57 1.82 5.80
ParallelTable
+ None 0.14 10.39 0.21 13.22 0.40 13.36 0.73 14.51
+
© OpenMP 0.05 28.81 0.07 39.64 0.12 4431 0.21 51.12

Table 3 — Comparison of performance in building coefficient matrix on System 2
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Coefficient matrix dimensions
80x3528 160x3528 80x13448 160x13448
Optimization z o D o z o D o
[«b] [«b]
performed £ o £ 3 = 3 E 3
- <5} - <5} - <5} = (48]
[ o [ o [ joR [ o
> [9p] > (9p] > (9p] > (5]
x x X X
None 0.71 1.00 1.38 1.00 2.64 1.00 5.26 1.00
3
= ParallelTable 0.32 2.19 0.46 2.98 0.82 3.22 1.58 3.33
e
2
g Compile 0.14 5.10 0.26 5.38 0.48 5.48 0.91 5.78
Compile and 0.13 5.30 0.25 5.45 0.46 5.71 0.89 5.93
ParallelTable
None 0.07 10.09 0.10 14.16 0.18 14.98 0.27 19.22
&
OpenMP 0.03 27.77 0.03 52.83 0.05 57.61 0.07 72.26

Table 4 — Comparison of performance in building coefficient matrix on System 3

Osb Silmeslay )3 s Al SV Dby 31,5 s 5ile
O LSrate 4y Coed Co o (Rl 531 O (g5lagy
Yo o OPENMP 5l aslizel b 5 s Yo G110 o s leking
s oyl 3 o (55 3 OLES S 55 dalg L Ve
2yl el
Jem s il sla i, oblS (V 5 0) sladsir
Ol il slags o Sss 1y e Vsl oKaus

s e
L J Ol o esls s bl 51 S o (6l
Golwesly 4 Cnd dwloms od S 50 5 ot SVsles
o5l slal Olaa L Pseudolnverse al s 4o LSCaae
u =sin2xcosh2y @u 5 el sl sl 4 ol s
03,551 s A5 3 Sl o e3linl 335 Jo Ol e 4y
G S Intel MKL =l Sbls sl eslal (s
e G158 O 4 by e gl cnl a5 A8 e ol
o5 Sl ol al Lsgoe das a0 25 mls ol
o5 3l esli

Sl o 3l 3 & —— Pseudolnverse

! «c—.l LinearSolve  SingularValueDecomposition
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Sb i 5 ol lapinn Clasin (V) Jsr
ol e e L | gt el s eslanad 5 e ng\}.élpj
ol ) i 1 S el e (555 b
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ol o o3l Lz E (olSzaze
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Coefficient matrix dimensions

80x3528 160x3528 80x13448 160x13448
Implementation used S s g s g =3 g =3
2 3 T § T § T 3
& & & & & & & &
© Pseudolnverse 0.07 1.00 0.16 1.00 0.34 1.00 1.21 1.00
(&)
T
g SingularValueDecomposition 0.10 0.68 0.21 0.76 0.37 0.92 1.28 0.94
=
g
LinearSolve 0.07 0.93 0.13 1.30 0.33 1.03 0.87 1.38
DGESDD (BLAS/LAPACK) 0.14 0.50 0.71 0.23 1.20 0.29 4,01 0.30
DGESDD (ACML) 0.09 0.75 0.25 0.67 0.72 0.48 1.84 0.66
DGESDD
N (OpenBLAS/LAPACK) 0.07 0.97 0.31 0.53 0.75 0.46 2.07 0.58
+
o
DGELSD (BLAS/LAPACK) 0.05 1.36 0.30 0.55 0.58 0.59 197 0.61
DGELSD (ACML) 0.04 1.67 0.11 1.52 0.38 0.89 1.03 1.17
DGELSD
(OpenBLAS/LAPACK) 0.04 1.84 0.14 1.14 0.35 0.99 1.06 1.14
Table 5 — Comparison of performance in solving system of linear equations on System 1
Yoo lads pivw (59, > SYolae oKt > 0 iz sloig, 2, awslio — & Jooo
Coefficient matrix dimensions
80x3528 160x3528 80x13448 160x13448
Implementation used g s g s g s g s
e § = % T % I® %
z & & & & & & &
_g Pseudolnverse 0.21 1.00 0.09 1.00 0.19 1.00 0.66 1.00
5]
£  SingularValueDecomposition 0.07 2.82 0.14 0.62 0.29 0.65 0.90 0.74
=
T
= LinearSolve 0.06 3.71 0.15 0.58 0.33 0.58 0.91 0.72
DGESDD (BLAS/LAPACK) 0.16 1.32 0.63 0.14 0.90 0.21 3.15 0.21
DGESDD (ACML) 0.26 0.79 0.34 0.26 0.66 0.29 1.62 0.41
DGESDD
I (OpenBLAS/LAPACK) 0.12 1.71 0.37 0.24 0.55 0.34 1.57 0.42
© DGELSD (BLAS/LAPACK) 0.08 2.52 0.30 0.30 0.47 0.41 1.48 0.45
DGELSD (ACML) 0.07 3.00 0.16 0.54 0.36 0.53 0.89 0.74
DGELSD
(OpenBLAS/LAPACK) 0.06 3.73 0.18 0.50 0.28 0.69 0.78 0.85

Table 6 — Comparison of performance in solving system of linear equations on System 2
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Coefficient matrix dimensions

80x3528 160x3528 80x13448 160x13448
Implementation used D o D o D o D o
5] = @ > 3 > @ S
= 2 £ ? E ? £ 3
+ [<3] + [<3] + [<3] + [<3]
c o o o c Q c o
> [9p] > w > [9p] > [9p]
x @ @ @
® © Pseudolnverse 0.02 1.00 0.04 1.00 0.05 1.00 0.22 1.00
[&]
2 %<  SingularValueDecomposition 0.03 0.73 0.05 0.80 0.08 0.67 0.30 0.73
= E LinearSolve 0.03 0.71 0.05 0.74 0.11 0.51 0.26 0.83
DGESDD (BLAS/LAPACK) 0.06 0.32 0.20 0.19 0.28 0.19 1.14 0.19
DGESDD (ACML) 0.05 0.40 0.13 0.29 0.24 0.23 0.69 0.32
DGESDD
i (OpenBLAS/LAPACK) 0.04 0.54 0.07 0.51 0.12 0.46 0.51 0.42
o DGELSD (BLAS/LAPACK) 0.02 0.86 0.08 0.49 0.12 0.45 0.51 0.42
DGELSD (ACML) 0.02 0.91 0.06 0.66 0.12 0.45 0.35 0.62
DGELSD
(OpenBLAS/LAPACK) 0.01 2.13 0.02 1.55 0.04 1.35 0.22 1.00
Table 7 — Comparison of performance in solving system of linear equations on System 3
e, sl (atld ca ) o)l s (59 Blise slahy, 5l ol lhas alia — A Jgor
Coefficient matrix dimensions
. Exact
Implementation used :
solution
80x3528 160x3528 80x13448 160x13448
#1 8.7418E-06 9.4599E-06 5.2358E-06 3.7430E-06
< Pseudolnverse
RS} #2 8.7418E-06 9.4599E-06 5.2358E-06 3.7430E-06
g . . #1 1.0026E-08 1.0132E-08 9.1609E-09 9.2263E-09
S SingularValueDecomposition
< #2 1.0026E-08 1.0132E-08 9.1609E-09 9.2263E-09
5+
= . #1 1.0028E-08 1.0125E-08 9.4706E-09 9.2283E-09
LinearSolve
#2 1.0028E-08 1.0125E-08 9.4706E-09 9.2283E-09
#1 2.6508E-11 2.2198E-11 2.6123E-11 2.2272E-11
DGESDD (BLAS/LAPACK)
#2 1.0041E-08 1.0133E-08 9.1849E-09 9.2362E-09
#1 2.5897E-11 2.1661E-11 2.8791E-11 2.2790E-11
DGESDD (ACML)
#2 1.0042E-08 1.0134E-08 9.3201E-09 9.4802E-09
#1 2.5860E-11 2.1907E-11 2.7674E-11 2.2449E-11
DGESDD (OpenBLAS/LAPACK)
1 #2 1.0037E-08 1.0141E-08 9.1429E-09 9.3075E-09
o #1 2.5914E-11 2.1634E-11 2.5422E-11 2.1493E-11
DGELSD (BLAS/LAPACK)
#2 1.0032E-08 1.0132E-08 9.2808E-09 9.2479E-09
#1 1.9893E-06 2.1943E-11 2.7645E-11 2.1554E-11
DGELSD (ACML)
#2 1.0492E-08 1.0136E-08 9.2543E-09 9.2669E-09
#1 2.5967E-11 2.1703E-11 2.5816E-11 2.1467E-11
DGELSD (OpenBLAS/LAPACK)
#2 1.0042E-08 1.0135E-08 9.1588E-09 9.2264E-09

Table 8 — Comparison of error of different methods in e, normon System 1

226



\YA-\JLN/\ A)La.i/v.hvbihe)}:

ote Ol jos cwdige agh — oode aloe

e, s (a3lh e Voo lods gl (55, Al la g Sl ol sllas anglio — A Jour

L,

Coefficient matrix dimensions

. Exact
Implementation used .
solution
80%3528 160%3528 80%13448 160x%13448
#1 9.3644E-06 3.1388E-06 1.4709E-06 2.6977E-06
Pseudolnverse
#2 1.6122E-05 4.6128E-06 1.0943E-05 4.5888E-06
8
= #1 2.6029E-11 2.1639E-11 2.5943E-11 2.1350E-11
g SingularValueDecomposition
=
g #2 1.0036E-08 1.0129E-08 9.1396E-09 9.2346E-09
#1 1.5682E-09 1.2997E-09 1.5449E-09 1.2803E-09
LinearSolve
#2 1.0027E-08 1.0130E-08 9.1440E-09 9.2355E-09
#1 2.6508E-11 2.2198E-11 2.6123E-11 2.2272E-11
DGESDD (BLAS/LAPACK)
#2 1.0041E-08 1.0133E-08 9.1849E-09 9.2362E-09
#1 2.6005E-11 2.1584E-11 2.9833E-11 2.3098E-11
DGESDD (ACML)
#2 1.0037E-08 1.0145E-08 9.3374E-09 9.4874E-09
#1 2.5864E-11 2.1627E-11 2.7638E-11 2.2855E-11
DGESDD (OpenBLAS/LAPACK)
#2 1.0041E-08 1.0140E-08 9.1429E-09 9.2595E-09
5
#1 2.5914E-11 2.1634E-11 2.5422E-11 2.1493E-11
DGELSD (BLAS/LAPACK)
#2 1.0032E-08 1.0132E-08 9.2808E-09 9.2479E-09
#1 2.7068E-11 2.1746E-11 2.8820E-11 2.9326E-05
DGELSD (ACML)
#2 1.0030E-08 1.0141E-08 9.2691E-09 1.5610E-06
#1 2.5995E-11 2.1582E-11 2.5714E-11 2.1627E-11
DGELSD (OpenBLAS/LAPACK)
#2 1.0037E-08 1.0131E-08 9.1848E-09 1.0420E-08

Table 9 — Comparison of error of different methods in e, normon System 2
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L,

Coefficient matrix dimensions

. Exact
Implementation used solution
80x3528 160x3528 80x%13448 160x13448
#1 3.8229E-06 3.1323E-06 2.4107E-06 1.3534E-06
Pseudolnverse
#2 6.6210E-06 9.8172E-06 1.7858E-06 4.9967E-06
8
= #1 2.5791E-11 2.1571E-11 2.6685E-11 2.1674E-11
g SingularVValueDecomposition
=
cE‘Ts' #2 1.0025E-08 1.0130E-08 9.1620E-09 9.2261E-09
#1 1.5682E-09 1.2997E-09 1.5448E-09 1.2803E-09
LinearSolve
#2 1.0028E-08 1.0143E-08 1.0181E-08 9.5210E-09
#1 2.6537E-11 2.2178E-11 2.6193E-11 2.2258E-11
DGESDD (BLAS/LAPACK)
#2 1.0033E-08 1.0131E-08 9.1655E-09 9.2354E-09
#1 2.5947E-11 2.1565E-11 2.9739E-11 2.3198E-11
DGESDD (ACML)
#2 1.0044E-08 1.0131E-08 9.2597E-09 9.4483E-09
#1 2.5967E-11 2.1871E-11 2.7667E-11 2.3056E-11
DGESDD (OpenBLAS/LAPACK)
#2 1.0029E-08 1.0135E-08 9.1750E-09 9.3717E-09
5
#1 2.6033E-11 2.1752E-11 2.5609E-11 2.1621E-11
DGELSD (BLAS/LAPACK)
#2 1.0029E-08 1.0135E-08 9.2572E-09 9.2365E-09
#1 2.6291E-11 2.2513E-11 2.8719E-11 2.1403E-11
DGELSD (ACML)
#2 1.0029E-08 1.0360E-08 9.2212E-09 1.0186E-08
#1 2.5802E-11 2.3983E-11 2.5663E-11 2.2824E-11
DGELSD (OpenBLAS/LAPACK)
#2 1.0024E-08 1.0129E-08 9.1903E-09 9.2625E-09

Table 10 — Comparison of error of different methods in e, norm on System 3
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on Different Software Platforms and Performance Comparison

F. Mossaiby'”
1- Assist. Prof., Department of Civil and Transportation Engineering, University of Isfahan

*mossaiby@eng.ui.ac.ir

Abstract:

Despite the success and versatility of mesh based methods --finite element method in particular- there has
been a growing demand in last decades towards the development and adoption of methods which can
eliminate using the mesh, i.e. the so called meshless or mesh-free methods. Difficulties in the generation of
high quality meshes, in terms of computational cost, technical problems such as serial nature of the mesh
generation process and the urge of parallel processing for today’s huge problems have been the main
motivation for the implementation of new researches. Apart from these, the human required expertise can
never be completely omitted from the analysis process. However, the problem is much more pronounced in
3D problems. To this end, many meshless methods have been developed in recent years among which SPH,
EFG, MLPG, RKPM, FPM and RBF-based methods could be named. The exponential basis functions
method (EBF) is one of these methods which has been successfully employed in various engineering
problems, ranging from heat transfer and various plate theories to classical and non-local elasticity and fluid
dynamics. The method uses a linear combination of exponential basis functions to approximate the field
variables. It is shown that these functions have very good approximation capabilities and their application
guarantees a high convergence rate. These exponential bases are chosen such that they satisfy the
homogenous form of the differential equation. This leads to an algebraic characteristic equation in terms of
exponents of basic functions. From this point of view, this method may be categorized as an extension to the
well-known Trefftz family of methods. These methods rely on a set of the so called T-complete bases for
their approximation of the field variables. These bases should satisfy the homogenous form of the governing
equation. They have been used with various degrees of success in a wide range of problems. The main
drawback of these methods —however- lies in the determination of the basis, which should be found for every
problem. This problem has been reduced to the solution of the algebraic characteristic equation in the
exponential basis functions method. The method is readily applicable to linear, constant coefficient
operators, and has been recently extended to more general cases of linear and also non-linear problems with
variable coefficients. The relative performance of usual programming languages such as C++ in comparison
with mathematical software packages -like Mathematica and/or Matlab- is one of the major questions when
using such packages to develop new numerical methods. This can affect the interpretation of the
performance of newly developed methods compared to established ones. In this paper, the implementation of
the exponential basis functions method on various software platforms has been discussed. C++ and
Mathematica programming have been examined as a representative of different software platforms. The
exponential basis function method is implemented in each platform, using various options available. Results
show that with a proper implementation, the numerical error of the method can be decreased considerably.
Regarding the results of this research, optimal implementations of C++ and Mathematica platforms, error
ratio is between 2.5 and 6, respectively.

Keywords: Exponential basis function method (EBF), Pseudo-Inverse, Singular value decomposition
(SVD), Partial differential equations (PDE), Optimal implementation
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Table (1) Mechanical properties of perimetral joint
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Table (2) Mechanical properties of mass concrete

23/

L9] ol s S0 5l eliS 5o fbw

Fig. 3. finite element mesh of rock foundation

GENERE
e

<

up stream

Fig. 4. finite element mesh of conventional dam

down stream

down stream

up stream

Fig. 5. finite element mesh of dam with Pulvino

e 503 gl (pulas 5 o (e Y
e end 03 $ilwdds glaaazli o Soge Sl
(A )l e VL e ol OF e
Bl e 0T 35 g S oS e 34k Ol |
P PPN (K GUNICE - PRGOSO PRI v A L Lo



L;Jv‘L;B.LW}L;)WW

4..wﬁwﬁﬁju)ﬂﬁ}jﬁ}&?uj)éﬂjbw)ﬁ

RIS Lo 5 180 5 e ol ) 55 (s

(eﬂ&)bqy)&)érfq‘YW}(-\)Jg

up stream

80m
60m
60m

Fig. 6. weak layer situation of rock foundation (dark layer)

@l s ¥

EUIPNPIN R 7 R ESIJSU R N R WES e

jxﬁwwb;;wuié})emflkéuh
L;,)u,\.ﬂwloij\ﬂ.mctfwtw\ﬁéu)j;&
A 5 V) b Ks was es o)pe ¢ saY sl o
dase O 1y Jseme de 3 weS 5 ol b S
2ol GO 5 Jsene de 3 IS S 0 R

Ll ols & JLLK ¥ 5 i 5 o s oyl

Fig. 7. conventional dam, uniform convenient foundation,
maximum principal stress

4&:&5‘5[.»41 U,ZMLwLn Q,\;'-\j;g._l@ggfbw.kw

W S

H000000EN
aie § Lont
S

Fig. 8. conventional dam, uniform convenient foundation,
minimum principal stress

238

Sl s Oos ol adllas ol s s las S L

X

< > S > ~ S X -
SE 4 28 5 ~x D% g o o'g o
285 <S58 $9E 2Eg o
T + = =} X
SRC §BRO x8P giEt gi£E
oo = Y0 & 2 &

13 3 0 0.25 0.4

Table (3) Mechanical properties of rock
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maximum stresses (MPa)

Case name compressive tensile
Dam body pulvino Dam body pulvino
upstream downstream upstream downstream upstream downstream upstream downstream
conventional dam, uniform 5.6 7.8 _ _ 0.8 2 _ _
convenient foundation
dam with pulvino, uniform 7 9.6 6 7 0.65 25 0.65 1.65
convenient foundation
conventional dam, 5.5 9.7 - - 1.7 3.3 - -
foundation with weak layer
dam with pulvino, 7.8 10.7 54 8.9 0.9 2.3 2.3 4.2
foundation with weak layer
table (4) maximum principal stresses
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Abstract:

Design and construction of a concrete arch dam needs two essential conditions: these are good rock
foundation and convenient topography. When these two conditions are satisfied, arch dams would be the
most desirable and the most economical types of dams. Sometimes the geometry of the valley is good, but
the rock foundation is not appropriate or the rock has good material but the geometry of valley is poor. One
important factor in safe design of an arch dam is the rock foundation stability problem when a large part of
the external loads is transferred to the foundation by the arches. In arch dams, these forces are much larger
than similar forces as compared with other dams. Moreover, the stability of an arch dam also depends on
bearing capacity of the rock foundation. The idea of construction of arch dams with perimetral joint and
pulvino was introduced by Italian engineers in the 40s to improve stress conditions. It was gradually
expanded in the following decades. Pulvino is a thick concrete pad built between the arch dam body and the
rock foundation as a strip foundation. Use of this structural component, reduces the uncertainties of the rock
foundation, enabling a thinner body for the dam. Thus providing perimetral joints between the pulvino and
the dam body; ensures more symmetrical distribution of stresses within the dam body. It also reduces
potential tensile stresses at the boundaries of the dam body. In this study, the effect of pulvino is investigated
on the behavior of a concrete arch dam body built in a valley with weak rock layers. The results are
compared with the case of a conventional concrete arch dam (Control Dam); i.e., without pulvino in the same
valley conditions. In order to maintain the same concrete design properties, the volume of the Control Dam
had to increase by 40% in respect to the total volume of the dam with pulvino. The foundation has a weak
layer in different situations identically for both dams. The only nonlinearity accounted for, corresponds to
the perimetral joints. Applied loads include the weight and the hydrostatic pressure load. The dam weight is
applied step by step to simulate the staged-construction of a concrete arch dam. The ANSYS 12.1 program is
used to create the finite element models of the objective arch dam and its foundation. Results of this study
show that use of pulvino causes symmetric and uniform distribution of stresses in the dam body even if the
rock layers are weak and asymmetric. Contrary to the Control Dam case, higher tensile stresses occur only
inside the pulvino and thus the main body of the dam is protected against such stresses. As pulvino is usually
reinforced, the dam with pulvino and its perimetral joint remain acceptable. Thus, despite a rather expensive
and harder construction job for such dams with pulvino and perimetral joints, their considerably lower
concrete volume may well compensate the problem. Thus this type of concrete arch dams remains still
economic and competitive for the future designs.

Keywo rds: Concrete Arch dam, Pulvino, Perimetral joint, Rock foundation, Weak layer
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f ¢ C, K, f
(HZ) (rad /sec) (N .sec/ mm) LYV (kN)
0.1 0.628 2200 0.35 8.15
0.125 0.785 2000 0.35 9.51
0.167 1.047 1950 0.35 14
0.25 1571 1900 0.35 174

Table.2. The Results of Modeling by Kelvin-Linear Model
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f o C, K fq
(Hz)  (rad /sec) (N sec/mm) (N /mm) (kN)
0.1 0.628 2200 6000 8.158
0.125 0.785 2000 12000 9.518
0.167 1.047 1950 18000 14.04
0.25 1571 1800 50000 17.14

Table.3. The Results of Modeling by Maxwell Model
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Abstract:
New techniques in seismic design of structural systems are based on flexibility and energy dissipation

approach. In this approach, the role of energy dissipaters is quite important. The behaviors of these devices
and the way they dissipate energy have always been a concern for many researchers to improve the
efficiency of these important parts of the structural systems. There has been a large number of investigations
on behavioral aspects of energy dissipating devices capable of using in seismic design of structural systems.
The concept of adding dissipating supplemental devices to a structure assumes that much of the energy
imposed to the structure from a transient will be absorbed, not by the structure itself, but rather by
supplemental damping elements. Among them, viscous devices have received considerable attention. The
behavior of these energy dissipaters are dependent, not only on the relative velocity, but also on a large
number of other parameters including relative displacement, compressibility of fluid, internal friction etc.
The behavior of viscous devices are also dependent on the frequency of excitation and their thermal
conditions. Determination of mechanical characteristics of these devices is usually based on experimental
studies including cyclic tests in different amplitudes and frequencies.

In this study, a new type of viscous dashpot in which the main body of the device has been made of
contractible steel bellows (developed in 1IEES) is chosen for experimental studies. The viscous device has
the capacity of 500 kN and axial deformability of +1somm . The tests have been carried out using an actuator
capable of providing axial forces up to 300 kN in cyclic tests with displacement range of +120mm . Axial
forces on dashpot and resulted deformations on the device during experiments have been used to find the
relationships between applied forces and induced relative displacement and velocity on the device.
According to the results, the dashpot shows a dominant viscous behavior. It also represents a small frictional
behavior in order of 10 kN (on average). The device also shows a frictional feature that is proportional to its
internal fluid pressure. This feature is due to a small asymmetry in manufacturing some parts of the device,
but it can be used later to improve the behavior of contractible dashpots. To be able to develop a model for
this device, the test results are used in the form of cyclic behavior and time series. The time series results
show the fact that there is not a linear proportionality between forces and velocity experienced by the
dashpot in all the range of excitation frequencies. In addition, according to the test results, damping constants
for this device is also dependent on the excitation frequency. Different types of behavioral models have been
examined for the device. The proper model is proposed based on the three element type Maxwell model. The
model can be further improved to represent the pressure dependent frictional forces in this dashpot.

Keywords: Energy Dissipaters, Experimental Studies, Contractible Dashpots, Frictional Behavior, Viscous
Behavior
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Fig. 1. Plan of 12 story concrete frame structure
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Far Fault Records
Closest  H: \Y
Rec  Earthquake Year Mn Distance Scaled Scaled
Num Name
(km)  pga(@) pga(e)
fi  Morgan Hill 1984 6.19 3188 035 0.14
f  LomaPrieta 1989 6.93 41.03 035 0.15
f3  LomaPrieta 1989 6.93 4411 035 0.13
Northridge-01
fa 1994-01-17 1994 6.69 5751 035 0.28
12:31
Northridge-01
fs 1994-01-17 1994 6.69 5394 035 0.19
12:31
Northridge-01
fe 1994-01-17 1994 6.69 59.62 0.35 0.09
12:32
Chi-Chi,
f;  Taiwan 1999- 1999 7.62 28.17 035 0.22
09-20
Chi-Chi,
fs  Taiwan 1999- 1999 7.62 4476 035 0.09
09-20
Chi-Chi,
fo  Taiwan 1999- 1999 7.62 41.67 035 0.17
09-20
Mean 4474 035 0.16
Near Fault Records
Closest  Sn \Y
Rec  Earthquake Year Mn Distance Scaled Scaled
Num Name
(km) pga(g) pga(g)
n:  Morgan Hill 1984 6.19 0.53 0.35 0.17
n2  LomaPrieta 1989 6.93 9.96 035 0.23
n3 LomaPrieta 1989 6.93 3.88 0.35 0.32
ns Northridge-01 1994 6.69 5.43 0.35 0.56
ns Northridge-01 1994 6.69 5.43 0.35 0.56
ne Northridge-01 1994 6.69 5.19 0.35 0.16
ny CMChb 999 762 314 035 0.6
Taiwan
ng Ch'.'Ch" 1999 7.62 2.76 0.35 031
Taiwan
N9 Ch'.'Ch" 1999 7.62 9.35 0.35 0.38
Taiwan
Mean 5.07 0.35 0.32

Table 1. Far fault and near fault record properties
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Fig. 4. Column's normalized max axial pressure force, caused
by far fault records
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Abstract:

According to the observations after the recent near-field earthquakes, structural damages are mostly attributed
to the vertical component of the ground motion, i.e. concentration of the damages in column members leading
to progressive structural collapse. This is why investigation of ground motion’s vertical component effect has
been widely regarded in recent studies. In seismic design, this component is considered less than other
components of earthquake. However, in near fault earthquakes, large vertical acceleration components cause
extensive damages compared to the ones with horizontal acceleration. Failure and damage in concrete
columns is among the examples of the negative effects of vertical component. Vertical component of
earthquake is considered in the design of specific members on the recommendation of seismic codes such as
EC-8 and FEMA 356. The design is intended to use the scaled horizontal component, where this can result in
incorrect answers due to lack of stimulation because of the specific characteristics of vertical component of

earthquake and structural properties in the vertical direction. Also, the vertical component of earthquake is

less studied in seismic risk analyses. In this study, the effects of vertical earthquake excitations on medium-
rise concrete moment frames are investigated in two separate stages including near field and far field records.
In this research, various structural models, representative of real structures and designed in accordance to
seismic codes and under actual gravitational loads have been subjected, simultaneously, to horizontal and
vertical components of near- and far-field ground motion records at two stages. Nonlinear time history and
progressive dynamic analyses have been performed in this regard. Furthermore, the effect of elevation or
reduction of initial gravitational forces as well as columns’ initial axial forces have been investigated by
applying differing gravitational loading coefficients. Structural response parameters including tensional and
compressional axial loads of the columns as fluctuating forces, columns’ uplift forces at various plan positions
and under various gravitational coefficients, the interactive axial-flexural forces of the columns at different
gravitational coefficients, shear demand-to-capacity of columns, axial deformation of the columns in presence
and absence of vertical component of the earthquake, have been comparatively investigated and the effect of
vertical ground motion component has been assessed, separately, for far- and near-field acceleration records
and for external and internal columns placed at different stories.

The obtained results reveal that tensional uplift forces are more critical in external columns than the internal
ones. This is mainly true for lower stories, while at the upper stories the tensional forces experienced by
internal columns are seen to be more critical. The existence of vertical component of earthquake leads the
minimum compression forces to increase and change toward tension range. The amount of this reduction has
been witnessed to reach to 84% in the more extreme case. It was also seen that for smaller gravitational
coefficients, tensional axial forces are more frequently observed. The presence of earthquake’s vertical
component has been shown to amplify the columns’ shear demand by the values reaching to 31% at the most
extreme cases.

Keywords: Vertical Component of Earthquake , Axial Force, Shear Demand VS Capacity, Near-Field
earthquake.
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