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Seismic Behavior of Knee-Braced Steel Moment Frames

A. Mohebkhah A.R. Bazvand

Abstract Moment-resisting steel frames (MRSFs) have high ductility, however, suffer from low lateral
stiffness and large lateral drifts. Recently, a new LFRS called knee-braced moment frame (KBMF) has been
introduced in the literature in which the seismic behavior of an ordinary moment frame is improved using
some knee elements as structural ductile fuses in the vicinity of beam-to-column moment connections. In
this research, seismic behavior of some 3, 6 and 10 stories KBMFs with different span numbers are studied
using nonlinear static and dynamic time-history analyses. The results show that the overstrength factor as
well as behavior factor of KBMFs are considerably larger than the corresponding factors for MRSFs.
Furthermore, it was observed that the column axial demands in KBMFs —except for the top stories- are
smaller than those proposed in the Seismic Provisions for MRSFs.

Key Words Steel Frame, Knee Bracing, Time-history dynamic analysis, Nonlinear Static Analysis,
Seismic Parameters.
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A New Formulation for Fictitious Mass in the Viscous Dynamic Relaxation Method
I. Zardi J. Alamatian

Abstract In this paper, new algorithm is proposed for fictitious mass of Dynamic Relaxation (DR) method
with viscous damping. First, the incremental equations are derived for DR procedure. By using the
transformed Gershgorin theory, new boundaries are achieved for fictitious mass. This formulation leads to
a new algorithm for viscous DR method. For evaluating the efficiency of the proposed method, some 2D
and 3D truss and frame structures are analyzed by elastic linear and geometrically nonlinear behaviors.
Results show that the proposed scheme for fictitious mass improves the convergence rate of DR method so
that the suggested algorithm presents the structural response with less iteration in comparison with other
common DR techniques.

Key Words Dynamic Relaxation Method, Viscous Damping, Fictitious Mass, Nonlinear Behavior,
Residual Energy, Convergence Rate.
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Best Installation Angle for Immersion Vanes as a Measure for Meander Bank Erosion
A. Sozepoor M. Shafai Bejestan

Abstract Developing three dimensional vortices at river meander causes severe erosion at the toe of the
outer bank and deposition at the inner bank. The flow altering measures which have been presented so far
are installed on the bed and are subject to failure due to progress of scour hole at their toe. Therefore in
the present study the performance of immersion vanes, which are installed above the bed, are
experimentally investigated. To reach such goal a movable physical model of 180 degree Karoon river
bend was constructed. Different tests at Froude number equal to 0.20 (=corresponded to the Karoon 2-
years flood occurrence discharge) at six different vanes angles equal to 10, 20, 30, 40, 50, and 60 degrees
was carried out. The general results show that the immersion vanes are effectively shifted the scour hole
from the bank toe to the middle of the bend while no scour is observed at the base of the vanes. By comparing
the bed topographic variations after tests it was found that at 40 degrees vane angle the toe scour hole is
smaller and developed much farther from the outer bank compare to the other vane angles.

Key Words Immersion Vanes, Installation Angle, Physical Model, Bank Erosion.

sl e 801+ /Y0 O 3y desl 5 Q60 Wlie il s gl *
Email: asozapor@yahoo.com el Ol dgd o235 ¢ T (glaoslu (5185 (5 smeiils 1 sts sk 5 (V)

Sl O e A o8l (T glaeslu 05,8 alzul (Y)


http://dx.doi.org/10.22067/civil.v31i1.54107

Y

Copde s ol p S oskies 05 e by,
Slo) pits Blim sy 50 Wasllie 53 gy
e b CBlim 5 (L o) (AL s e
1] 55 00 ealizal (0L 2 6830 POl sla 2s))
S s ol JAS el gy Sl
S o ey bl b4 Ko byl s
ALE g Ay Bl Sl wile ol 2,
bl filas 5 albtay; (Ssoen bl 5 (L 52
Wbty Jab 50 a8 sla, ke )5 Jls Ol geas 3l
Chli- gla pgy ol wltsy, Jols (50 5l xS
Sepl el laul 5 nl o 335 o sl e
A Sl ol e Gl b 5 il s
W3l e b S 3 b g S gy
33 gy ke Sl Ll a3l e GLEl o
(53n (a5 5) ot b LBl sla g5 Lo silie
ol 31 S Sl L6 ,8 e 15 ealinal 35
2l 3550 3l 316 s 0L 55 3L
Rhldsd 5 pdd 8 S s 5 aosle )l Lles
o el s cle Lol Lo sy, 5 e o
e Sl bt 055 53 LS Wsd 0 o
o o e Rl B S Sel (0 L
o e sl e Jsb il a3l skl 5
s S B 52] 355 e cpeens Wlss o5 el 5
ool bl il 550 sba & placsla
Sltag,y g e o Sl 5l 0L > S
ol il e G lag e S (S e
ol ol s s KtV 1 Vaans o Lajy s
S0 bz B s o Lol s o Sl 3
Sl nl g agee Do G 2Vl end
Celosle opl das Crusd S w8 O b
Ol wld S (ele Kosp s Ce e S
Ll s g bl ol 3 2ol 8 0
cblix) ol e s IS (Sl i
S e s IS sy Al 5 (ol s
oz 3l G rtes Slis Jisy [T 56 5 4] 555 s

L Ll o 50 osba & il pla ps) 5l (S

Ao e
Slod Dl is sy 53 Ol r SEe (o
Slyess 5 0L Soodes (iluand wlbtoy, o
im0 e Sl bzl 05 il ol gy s
sy 1 s baailta gy ol (8o il slaailts g
"o s Dl s (IS sy 5 Sl
5 alble Glaal gl y Sl oo ol sl
sdalwsas gladms Jliays LSlsg, (gl el
ol b b s el Sl s coeal (lyls
oo A ol 3338 e beslS LU & e i
b wltsg, s shis JS5 i 5 St losg
omlayd s 50 baabisgy s ol Jlisa
g b Gl olnl 5 osi e brals s
S s il g, kb, I8 s, Sl S
dole s ol am g LB 5o skl aul b s o
Gl 5 e Sl S pots (IS s 4
Lgy halsl Ll 6355 e alb Sbts sy oy 5 Las LS
ntne 5 Ahie RIB fe S5 SO
S 335 o Il baails s,y wldcsy ) 53 Sl
8 a8l kbl sl s Shes s 45 s
Lyl i 6l s Al Gaa L o olul Sl
S, ool plla s SIlts 0,8 e planil sllas
Sl a |y ke gl 5 20 S e A
Sl abilales 550 (ladely alaz 3l s sm) 0055
3 M, 5 Gl Ly, 0 L w8
das e 5 5l cou | kbl il gla SN
5w s bl Bl gl ol Sl &
Sl il el I ey 5 Sl b SV
AT sk 5 ol bty adige 48 3 g
S Ol sy Shea Bl e O S 5 oS
5 oo s s el Al da e s
O e Sl G B e S
0> b Jele Rl Ll e it Gla e
Sy il )3 b sd olrals ol s il
2 Al (osliS e ey o A5 sl A
s B SBB Al 5 bosle s

WY (Sl o 5 o b

3 Ol e pwdige & 120



Yy

J&M?q‘;ﬁl&j)w—)ﬁaj}wﬁf

e s e Slmio s S
OLial sl s SIS 58 S et
Sk Aol Sl 55 5358 sue Sl sy bl
a3 dgly 5s 5 Dl 5 dsb Rl A sV 0
L aS Wsls Olis 5 Loals CL?:.;‘ VL Jole 4 oo
S 5 Saackal Gas Sl sk ol 13
Aol oS gl S el o Jaalsl S pm J=le B 0T
Sldo gl b Aol S5 db Rl A Sk
[17] G ik
Sbaesla & 0 5 dre Sl 6l el RAE]
led Jo 1) e il o 0Lz S Pl
S 16 Sar ol T (585 i sl
G gy 5 Gl 6801 55 oY Ol i WSl
LSS bty e a5 ol abel 55k 1)
sbele 31 S sk Sl Lo e Sl
S5 08t as wib oo e 3 0Lz S0 POl
cals SJodes s Shes Ll osla ol ool ol
AL S SlE pl b oagls G ates Slio U g3l
ez Ll s e e Abagy xSl
S LEle b e Ll 1 G s SDlmios
Sl 5 e S i 53 s Shos  Ledis
Olis s agly by 3b oLl bl s s
Sl 0 dpn 5 53 Y BV 5,805 a5 5 phtens
o Jrle s Sl g a5 L skl Slio [18]
oo lg 5 0L blae 5 Caslas sbml Zol
Gretd B SRl Gl A5 S e Ok s e
LS slp oy, o ,e 0 g‘bT Ol b gadkas
Al o bl ConsVl G 4 b3y O
o s oz 51 0L 2 5801 ol glaesle L
St 03 5035 Jeate 2ol ele s aS s Bt
ol e 5,8 5o ‘_ju& sl b5l 13
QL;.J-J::JS g ool 39 asles 5 e il
35 oty S e amlye JK2a U 1y adlae ol s
Bl gl sl ol ol sl s ol

Lled pal 315 (a5 e 3 53 s ol S ke
Bl b o e s s, 5 it S
Jol e 53 @S sy b Ol pesdle 5 e
S ool 28 bl -l ol (ol
aslyolul b fhtee Y gene Olin a4y glassla
L ol Sk il i 53 ele ol
058 Ao AL G WalS b o3 Ll 5 55 B
S oladlis glaals S clomis (555 51 0L >
Pt e O s Dl el S 58 e
oy o 31t 53 0 S oy 5 33,5
238 Jime wltsy, Ll 4 s L
Caty gy Culds Col Olbmin ol o dle
adlaie ol 5 IS gy 4Dy 5 s -l
W sl Osmmen 5500 slaesle [8] sl e
U-) S U glag ) o 11 10 9] (W-weir) |SLs
5o 13] G-Hook) Ssa = las o [12] (weir
Co s Sl posaras S L ola 05, alex |
Lol 4o 5 Sliwa S gladiln g,y wgd )5 g
03 sy G pde &S Cledd esls LA 1S
Sl 3l bu g ookl laalrsy,y s s
Slmio ool p Ol S50 ssbar 5 G
Al e Kgd antle SKwald I Al s o oS 2l
2 sk b o 03 SIS s 5 Sl b S
o 3550 § S S B o5 8 DS Sl S A
Sl s 0L Ll 3 Slmis ol iy &Syl
[15 514] wsb e 5 0Lyl

on w0 Sl il gl sle
3558 50l 53 IS8 e Dlis 56 Jsb Ol s
W38 gd G s /YOY 5 o /YYY /YVE /0AE
L oaS sl olas oLyl aesls p el (5 0 L r.:w
modd wnlS Satl Gas Sl 5l S5 Jsb el
il Jie dgb Jals Las dsls glis pooman .ol
S g Jlo ) IS g ity Aol Bl
[16] 55 o

4 s 5 Qs 2l 5 Ghaxl sl g

938 Ol pas (ulige &y 20

WAV (bl oSG s e



Yi

S5S Candy (V) Kb clotss 5 2o oL
UK Gl el dasle Ol 1 el
G opslde 5 oddaSle ey o GBS slaa
il p sl o s gbaaY o ol Ll
by 53 e phalesd Al ey s S o

'ijfgf" OT @B“L?JJ’L”’ DVRY e J’L‘”

()

JMJ‘&LN(U)DMJJAL!A‘#U»(J‘ \‘Ji&

a\{.;.ll.a‘ﬂ BE PERPLE

Dle S as aals VU Loces ol 0Ll
Sl 1 sty laes OWSoe i 5lld Dlis
SV skt Sl 85l 45 ol 4 a5 3 S dal s
2 Ol Gl spdp nal wlbtag, e S5
Slmdo a Cond 015 Ol b Goos ladilay,
03 aed Sl Sage 5 ol SapacS 5 Sl O R
e oo sl AL (S s Ses Lol
A3 g5 dlaiml 5 s dalp asse (St
G S il ke 55 ey S s ks
AL a1 VL Ol (8 ODlis
syl s 55l Slir ol ol &gl 50015
D3 e 2050 Gl 5 Sesle s SIS 0SS
Clazs S

Ol Wiy Conslia slowsl Esly sl Lo
Al 955 e Ol o 1A 1l
Bty oo ,e 55 ol 0L b sladlaie ey s Lo
sbul sVl Gty Slisg, 0Lyl <S> ol
o3l 0L @S ol slaosle ple iled o
e o Jle 4w Ly G lag e
P 0> S AESE sl LA 13 s 53 5 Ais
L, edidde 35 sk 5o o SRl Zoly | e
b (S5 e 3 eV dslae) e S YL ol
Aol olse Sl @ s Rl e Gl
Olpeas V) I8 5 ke ¥ s 3 L ol
i e O (1) IS8 s eslizal s Sbge
Aas o LS el b Jde 3 pled

L by g5l
Do Segd Jde (Gl Olaal 4 Oy (6l
03 Sleal ed cws sl s CB\J WS (Gl ys VAL
Oler A oKl slabisg, sladte o Kislesl
alaze sladle 5o 5 Sde b A5 S Sl Sl pal
Col 5 Celes S a1 @l Be Slk
sobee GOkl b 5 4 gl al o

WY (Sl o 5 o b



Yo

Oler olid 3 pamms = g0 5w ju 38

Sl K el b cele ey Obo 3 5 ol
Y Gos Sleis S Wl Csw azele VY Y50
Sl eSS cole £ 28 L 0T 5l e il b
o 0L 5 e el s Ll 3 g e e
Jy by Je S oud 2S5 Sl da S
s p Cdls g 0l Je 5 3 S S5
oddz e 5 5l 5 SISl 655 5 e Sl eslinall r
ol 8 oS Sl S5 eV s S e sl
Mels jw Jbsp Sl Slea 2o B
Olas 1y of lilas 5 due 31 ol () K3 55 uie
"'\Abgf

95 Sl @ ool JE e 3l skl Silis
bug e Bl Vb 5 e Sl Yl 4 e e
S Sy 25 oS S Dlmdo 4 S (G5 lels
Jo b 51 Alols a5l ois CohB o oS (318 IS
25 on s 1y ssld Slis gl a3 5e Gas s
308 oty Skl (8 ISK2) Lus e
b5 ol ool 0486 (slasdlae 5ld Sl
Ol s 3wl b 5 5 biss Slmis a5 ol 3 8 Lol s
SN 55 ods sl Al 0L 2 (65501 3 gl
o ol Olmio sl pl 3 i (S s
85l oy bl (ol 51 Aol 5 Slis
A3 8 diloe (it Slomis (51 [17]

Sledde L;uuziuj ke L,:iuj S 93

St S5 ol G Sledie slatle3T A plon]
s o (3 53 5 3550 315 aal sl p 6l
b Ok Jsl S sl cdets pll
2 Slmis sl o3 (6 Gl bl 5 Olmis
O LI NIT R LRt TSN CER ERR VIS Rg-o-
2AYE s s b mlolcides 5 s -l
s 03 Go8) jasle 10,0 Sl Gee b 4l
u;ﬁasu.u-u.a;rw VY 3555 3de Jolae (pdins
CiSL e b s o e B e b s o Ve
3 ol s Ol el 5 10 18] bl e Gt Al s
J 48 (S e 3 B Ol (03 i3 S e
Ao S e i Sl 13 (S IS e
Je el s o lazms 3l Ol Gas =l sl
A ekl 5o 4 S eslial sg el a5
Lo 515 S (il 3150) i sy ol
fom s S A3 568 3 by pble d xS 8 s
aalsl Gl B LISl e 3L o g 4t SLlS L)
S1R) Aol o VLSS Jas 53 O Gas 48 5 5 0 Iy
Caless 5 (Ghbesl 51 U3 slas sl 51 (6,8 5
Sb o s Ol (28 3 035 5L L slle
=5l 10,0 ol Gae U i 55 o cpl ol A o
ol t Ote w alesl i e 515 0 Jie s e

O Slilaza U ol s i ogd S5 Jte 31 ol ™ IS

WY (Sl o 5 o b

33 Olpes (pdige 4,



A

dziujrt?u'l)-\t},_swjzﬁ),u Slmis (S, 51 ol £ S

skl ﬁlbi

Gt 53> S sy 5 Gl b S5 e ine
Sl asle ol
s i 4 b g e Gla pie @

Sbdue Job ot -

B Je 20 -

R s tla..; -

& B S masli-
aosle @ bss e gla aze @

H Slio gl -

L sbs olbin Jsb -

Jole @ s sl Slio (5515 &yl -
0 -t

o sl Sl Culks -

d st Slmis oyl ol 51 4l -

W Aob) de ks Slmin IS, Ges -
(o o 51 Sl VL

oL sk i Jsb Aol -
Wk by e sl paze @

U o peties £ 53 0L Jaws gie s =

h o sd i 36 03 Ol Gos =

g J& k-
U & bs e gla paza @

P le g =l 0 -

Sl S o b -

o B el B s i ) Sl ol
A3 8 end Jol s slaglesl Sl esliall &S
35dome 3 sl ddos Caa sl LA (LIS S
sl Vil dsb b e sd lerpa WY 8
)3 e Slatlesl (g > skt Slomis Jgb)
35000 [19] Sbss dlysy 5 JUsr Gedis ol
Aol Loy (s a8 s culb 8 ptes St
OH) Slmio gyl aly es5le b 4y Jsb
Sl gl [18] 5,855 Lhuys sliasy)
S Ol gl bl @SS Gas (& s
Aty b el sl alsl 5 (H) of gzl
S oS3 5505 ot 5 (EH) 55l i ¢l
5 dele Sl dold) Bud I8, mo -l
£33 S 5l sla bl bl (138 s
a0 3l sy gled (0) S (Wleds s
Aas e UL |y Slomio

Somds i S5 plas 0 IS

WAV (bl oSS s e



v

Oler olid 3 pamms = g0 5w ju 38

Sl ol byl calas Wles S andlles GLLSS 5 0
Cordse ay anlllas ol 53 dllr Gae Sl Cond e oS
| Kan s el 6 Sl 038 i a3 VAL B 10
V) S rimen il 2 dalllas (33 035
a3 WV Camdgo 5l L3 g 50 e oS s e 0L
Lol tdes s ol il Bl 4 S
2248 Hsblles 58 S5 g ki Ll 2 Ol s
Lol b oy afir 8 s 0 g on oois U5
Ll 4 clanils B M &S el IS s
e Cwledd fie a0 s
U ol ol Esly 5 s b sl 8 s
P Sasbu xS poe B s
e W Camdse 5o e 0w e ) ) A,
Lyl yd Jdsas a4 Cond e ol Sl il lalS
S) Jrlo o st 5 e o s plae (OS5 55
Joas 50 5 (Gl 4l S SlS ey i ) 2
bl s Jlees s s o slit ol
&Mdhdzmujd&ﬂébgw
ok Jrlo o s (CenVl S Glade bwys
SIS sy Sl 3 &ltag,y By 5 55 g
Y b e psba s el Bl eSS e

J"’“J@j’:ﬁ

2(mm)

without vanes 40

n n 1
500 1000

1500 2000 2500
x(mm)

RO B PRTNCA PR [ gVt

(b gs u_'o) Y 358 sde 5 (D)

Dlges a by sla i @
050 s goes olyd Ja st a3 —
Gs Sl JEs -
0 Db sy Hlme Bl il -
1t s Ol op ok e Gla pine 4 4 L
N Dslas
o=f(S,,B,R,6,h,L,0,0,d,d,,5 ,U H,gp,1dy G, 0)
GBS s s eSSl gos8 5l eslinall
b bl (LSS o ane Olsieay p U h ls i
Al o sy 1 e o
0¥ Aslee

0=1(S,5002 R LadHd 3 U puhdy,

s ol Ol Jsb sl G ol s
Gos AH L s ol b el 5l el 8L
A0k Ges H L ol s cull Olbmio o 1SS
GASUIA Lsly mine 93 LS 5 s e sle VOO L
T e g R N s
el dal g sty 3 &b
2V dsles
¢=1f(6,F)

ok
2 03 (Blmds ai O5) el Glailesl il
*V) Ji..iﬁ ASAJ_,foLq.A G/Y 54,8 50e) Al s &.w
oo Sl i 48 s o OLES (ol Lasiis
Ford b ey W Saadse Sl o -l
ol osd Ll ey e 000 omdpe U 550 0
Jame sy, dle 4 J>le 1o i e 50
V00 Condge 53 Kokl Gas Sl e 540
L b, Sl ol s L3 esd dmys Ve G
Condse OF 3 oS [20] OLKes 5 (55 paie lallas

Loy azs WA la s sl ¢.<MMT e sl

WAV (bl o 5 o e



YA

o ol ) Ul b el oS 1S s s
(s J-l b Clin 5D o3 &l 5 (Ol=is
S o 3 S sl AU s sl Sld S
Olmio Golea sl pos 42U 55 D3 e
5 s e 53 s sleY b Lledd sl sk
OB Sagi ol s 5385 JSG e p b o
Qb@hdudx«uﬂ); J;-L,m.gd;y) O3 edas
S sbay a3V andl Bl L5 e cpen
333 Hsbar 33,8 Sl e o i slaadl e
S A Ol 5 Y Candge o e
0355 ol dndllas Gua &S 35 5 Cou S AU s
ﬁjukuj‘f.ﬁ\bSJIQijgtj)s.w(
amiy cpl gl Cledld 595 Hslld Dlio S8, L
ool o 03 St Ol Sl AU Rl e s
o 0 el sl s cpl sl o cd el
o8 sbralr Sl ot JaS Al e ol
Gl 3 Dk L 0L IS oS b iles S (5 S Sl
0 e Eol &S G ol Sl sl Olis ozl
- e besle pl 4 0L bkt 5 415
03 S sl A s s el B Lgﬂlﬁ Ll
s Gar Slam (Y JS) w3 Yo o i
ke e Bl ¥ dslee (ol B s ol
00 ealS amyn Vv s gl 4 Cd Sl ol oS
Bsly Ll L sy e Jlazm s s 0L |y (ks
ghw Sopl 4 arglr o Yrowar ) Sl el
S1o3 Sas il RIBI Ol 2 3 sas ol poad
GRIPl 4 e 48 npd sl Slde g
ol 58l 35 e 5 alld Olin b b s HLis LD
Shsdllis gladls § oy mll el jlid ol
Olir wlin) A Al jsld Olxin o
Slsadllss gladls S o068 o310 a Colg s (G ais

s G s S i skl Oleis 1 U

Slio coal Ll 3 55 s SIS 55 Cands

s Yoo dgly 5 (Y ISE) am s Ve &l 0o
(/Y 35,5 sde) dlu s J,:.q P Sy (H)—V J&;.)
S a3 Ve e sl 53 el ol a3l OLES
PRI CI | SR O R
Copd g 3505 aslsl o g3 Slell Sl day 2 0,0 Cond s
am s YA BV sl s il 3 Al Ges ST
7 Sl Ao Gos Sl Oljn 3)l> S5 53
b el 4 Nl S wil e e sl £
<l gl 52 S Dl 525 O3 Gou 5 Sl oo
33 aS sl OLES ks Oleans b Osh I 4 o
B a5 5l e OB Db (Slmios Ok Ll 2
Caxdgo 5l 5 L o SUo5 )bt Jolo 4 s
CS o b sl O3l s YV a0
SOk = sy ledalin i ol s S s
ol e salia Laes 3 oS Ced gla gl
VAV wsd S s aS das e 0L sddelsl Slallas
3350 g oo Sl S5 e S0 0L s
A3 A8 o i b dgb e 0T L wdl
o Sty O e VU glaaY w56 0L
23 G e St ol gbaY 5
Sy skl b &S ol syl Anes oS -
gl P L e eddS B B et
S ) sl oS s ol 0L L 0L~
S g sl 53 el 4 s 5 Sask
s el s s el G o -l
de 0 sl b Al s [21] el VU sy
o3 sl ge Gap 5 A3 e s e 4 5 L By
sdas oS 5l 0L sld Sl L ilesT s &la g,
g SV N 51 Sl L WA VU K WO g | B W G Y ey
CS o S yly Cmnas O o il 5 L5 o0
el g 4 )y ahade 55 0L sld Ol S s

WY (Sl o 5 o b

3 Ol e pwdige & 120



¥4

Oler olid 3 pamms = g0 5w ju 38

40 degree

il | 1 L1 Il i
LO00 1300 2600 2500 3000
x{mm)

1.
500

()

| BT 1 | Y
500 1060 1500 2000 2500 3000
x(mm)

()

a3 by Ceal aggly s (o n T

U Ges Sl amss T s el s
JQ;.««J»LS.&) Sl O3 A= 4 Cos DI
Sl U Ges Sl (A S L1
Sl il Ul Sl Condge ar s ¥r o
\Ve gl,._x}yj‘jev\,i)‘jb Lﬁ-)b'- J}u)‘ﬂ‘jblfﬂo
a3l bl ol 3 Al (g5l pesls Ol (slel U a5
Wlsgl.zw|)bu.>.-)l:;‘}>lﬁ~jo¢i)j:ﬂ&b\'
$e &Miﬂ)b DL &:»&‘ ehf\;‘g:ﬂmi: dﬁikﬁﬂ)ﬁ J).LE.A)J

BN Candse po ol 3 Al e ST 4

Gos Llg 5250 s 5o 45U 0L 2 8 el
B> Ll lehl addl s e iy Jrals Sl Al
el s b oS il a3l Exls ol
il s Sl G G oS Al ks
@ Yoo ey Vel sl Sl s A5l
£ 5 Kol Ges Slus 2alS Cel aSepl pesdle
Al O s Cel cnlodd e Bl ¥ o4 e Slo
w3 W Camdp Sl day ol Jole 51 Al
ol ol 35 (1 pesls Oluse slgsl b

o 43l 53 3 e PS8 SR A S
L) st s (WA D) s Y
Sl Blass s dsles) Y 5555 508 55 15 (A
s e 0L (08

mm)

LW
BEE
EEE

10 degree 20
20

-500

L) 1
300 Loog 1500 2000
x{mm)

SUE]
2500

()

20 degree

[ ENETEEE I L
s00 1000 1500 2000 2500 3000
x(mm)

)

Y 358 sde 5wy Y el gl g (G Ve

WAV (bl oSG s e



Mj\JJQ\M(J\—M)JﬁJ.(\'J&i):ﬁJ
03 ol Al bsgdoe 53 ool el iy s
Lajls ol plod )3 das oo QLA |y amys T 5 Ve Ll
Gy s Al e B a3 WY ol Dlatsie
03 o VALl (ol 3l Jsb ar o) s
A e Jola dady 55 Ghle b lde o 2l
Al gl 5l g e plu fr Aol 53 5 e Yo L

el esll Gl il b

2000
(mm)
360
340
320
300
250
260
— — 240
£ — 20
200
‘é 1801
160
140
120
O 50 degree 100
]
&0
| 40
-S00 - 00
Bl
| EFEEEES BNRNRNE | 1oyl
SO0 1000 1500 20400 2500 3000
x(mm)
()

60 degree

| NI B | 11 .
00 LO00 1300 2000 2500
x{mm)

)
Gl 53 (il e lomis ol Sl 3 i BS54 S

4;;))‘\' M:U.J‘))A(u a5 0

Ll e in sl ¥ Jsban s el 031581 GLST a3 VA
ol 53 el sk 53 e Sl Ve bt el Sl eS
Wl il Al Job s ol el Sl
53 bl ek Bade L3 Jlie)s
£r aly o oulaly somestsl GlEl bt ol
M5y 5 Sl p o S St a3
ol Ui Gos S oS gl Sy Sl a5 e
adly Jals Aoy W Ot O Db 4 cos
o 553 ot el 5l el Ve 85lle
8 5 [22] L 5 sdile B L oand pl &S
Cillan Sl 3 s Dloios 3,50 3 [23] O, Kan
b it S Lol OLE Oliies ol &S 3l
s b ea Lol s G ates Sl (S0
53l BT

e sl 3 e PS5 Sl (1) S
b (o8 JS8) emps T 5 (A JS2) s 00
Sl Sl s s s s e OLAS Y 5 8 sde s
s s W BN el il 3 Al s
e sl ol 2 DalS oS AL e e sl T L
S5 s sl il b oS S Ol e o
Slio b 0L > 2,55 &sly (s £0 51 58,55
OB Lol algin 5 058 0 mol (60500 LI )
sl 2alS U s s e i b b L G5l
S S e Iy L2 sl slanls S o Lt
SIS s skl Sbio Jl als Cel culg s
s e Sl S ca llss o 58 e
LS 3 e o5 sl Dlio al ¢
JoS Slaan & e Olmio 55 50,55 [24] 5,555
Sols

o Jele Ll Ghled Sl 4 e it
Lol 55 ol Bl e BLST amy ila b Clew
dbr 5k s 5 (ol s s el oy b B
DR o p 2 e ead Gllss e sl

WY (Sl o 5 o b



A

Oler olid 3 pamms = g0 5w ju 38

mm) > J>l~ a5l (mm)s?)u Jolo a5l

(MM) 5 Jobs azey 515

20
10 0}'6
.8 7S
0 i '
000 2000 40.00 60.00 .80.00 o100 00, ﬁzo‘;o%:%q ?60 00 180.00 200.00
. B . . o’
10 © % g A K
H A ’ "/
045 A S0
-30 \ \o o, -=fr=-10..
q&/ o A' see® -+ 20degr...
-50
€M) e p Al Jsbo
30
20 ©
10 A .8 O3
B —A
0 %o 0 f LR
1093 0.00 % 20.00 40. 00 60.00 /80 00 100 00‘120 00 140.00 160.00 180.00 200.00
A
N @ o) ——prm-
220 4 O l’ Ae =+ 30...
\ /
-30 \ /
-40 ‘ﬂ.—A’A
-50
(€M) el sl ks
(V)
20
10 A\
Jog
0 Q, NoT 0"0I
0. OO‘Q 20.00 40.00 60.00 80 00&100. 00 120. 00 140. 00 160.00 180.00 200.00
-10 \ AY peepe”
i ."g' e 2
-20 S YO
E...@. ©..0,7 ——fe=-50...
~
-30 \A\ ’,
\
-40 \A’
-50

(©M) il Al Jobo

@)

(DY) s Yo 5V by oo ol Jla foy 53 a5l 5 Ol is Ve IS
(V) a0 s(eV ) ar s be 5T

2,13 518 Liola b Al glal 51 me Sl Y s e Ay 53 phala,d A Jgb s Yo Al s

Wﬁ‘»)@‘wgﬂgﬂ\bf‘)bt}}b BLEE) Sl 03 4 J:'A;A:" L LJJ\JJ J‘:"ll"")'e :\.“?:

WAV (S 6ol o 5 o e 93P Olas ki & 05



Ly

Gos g o el 4 s 5l Olds o
b ) 955 ol ol dny s il b
VP ST POV APPSO P - ST SP ES P
peS o Il 4l s b s
PRI I C e RS P PR WY PRV Co o
553 Saetl s 5 A3b o e b VY L il
Fadee £Y Ll g el a3 Ve 5 a3 Y Al
Cled s by Cead 4l )5 355 0 Jleaml Sl e
2bE Dbk & 3508 g0t 0L bkt &S0
b 03 SLE B il 5 AIS e 3,55
Sl 0Ll S Jaall & ys sl o sl) Slis
Slris bw g sddsloyl Wge OL > amin 5 b
oolpen oS Jol 0L g Ml s asd e S
m o Sl o e e g_j cb.d ST s
P B S Sl sddslnl Wi OL ) 3,18
<)wrsaw>omcﬂgwqgmﬁ_ aake)
La3ls 0L s sl Llbl adl (Wl
EI 45 A3 r Sl GBI 0L o (55801 Skl

b o Gadod pl Lo

L E e NS L et Wt 1| B
ks £ lieas 5 sl b Ul izl 5l e sl
2 sk Ol e L (m) IS0) WL
by 3 il Al sk s bl Al
5 S ey el e sl E 4 bt el
Lk oo VYL pln (ol bl Goe ST
by lal Sl el B0 B Y Caabye 55
-\ ~J§.’z) el 03Bl BBl (Dlats 1dw) il b
A Ges 5 dsb amys £ 51 585 cllss s (o
we¥ (z=) s JS8) b e Rl adas Aol b
sl 5l e Bl Ver BAY CnB sy oS oul S5
Sl e (e I Slee il Al
el Bl g aalsl s cl il el -l dey
Jlo oy 5o (b B Al Gas adons | e 5 0
el 63 S 1y il 58l
53y SRl o s el L
iy 53 b S G e Bl G L
ol 3 plralr 35t o ol s G el

(433 o ) sl Sl o Sl Laalssy,

X
/
’
’
\‘ I,'
\‘ /
\‘ X
\ e
) S
40 60 80

(4> ,9) 7)1 Jolo a5 G Slio ceas 4yl

ilise i sbls3 3 ol ol foy 53 (Saetil Gas Sl V) S

WY (Sl o 5 o b

3 Ol e pwdige & 120



AN Oltacsey ol Sgames — g0 s e

S I TR g Cy W T W1 F e 64~@>}w)h>-
s b bl 5sld Oldo a1 0 e 0 Bl skt Slomis ol O3y 5 Aals 2lesT 53 -)
Olts 555053 [24] 5,855l @L:J LS Wil e Ve Candge 5l 20 Lo 00 Slos Gee b 2ol 3
%jb))é%ﬁw&‘b)b@b%géw "j‘;;f&)ﬁf}b&b&i:f)bdﬂﬁbjz
L oL s s baals § o 568 cam s £ 20 aalsl gyl pesls Ol Ll U g
338 o ol G jris lio Sl s bl exd el sls Olis o3l =Y
Alr il B A dsb s B el sl 5 B o bl sy s 03 IS s 5 e b
bl 4 s &S b e e sl £ L ST ca Ll s e il b Ul Ges ST Y
(ol Bl malS ds s VY (e Sl dals L oacolies a5 A3l o i koo Yo L ol 4 s 0
S sl ol 3 sld Slmis caa b cpl by 841y ol p Al Ges SIu>) dals 5l
Aol hlad o ome 3 b Jela 5l Jsb il aly EalS oy e (Al e e e
Dy o ollS ol Al as s Yo a4l s -t

b sy 53 Js dewr 0 0 L

&l
QYA dgtn o33 o823 S35 55 2 2 DS dar 5 cailn s SIS p ol piax )
OV .5 Olpl B s ol Camis 3,0kl &5 wglalta s, e, Sinl @IS 5 cotle (b 31kl slozaly 0 ol Y
OYAA)
gl Glbl Kozl IS8T 5 e i b bS] s Slasiin b AT dallanr o oI5l dg o ubis ¥
QOY) A0V Y L as A b s ol 5 bl wdige LEash 5 el Lolilas
4. Abad, J. D., Rhoads, B. L., Guneralp, I. and Gorcia, M.H., "Flow Structure at Difference Stages in a
Meander-bend with Bendway Weirs", Journal of Hydraulic Engineering ASCE, Vol. 8, pp. 1052-1063,
(2008).
5. Jarrahzade, F., and Shafai Bejestan, M., "Comparison of Maximum Scour Depth in Bank Line and Nose
of Submerged Weirs in a Sharp Bend", Scientific Research and Essays, Vol. 5, pp. 1071-1076, (2011).
o s Bendway b cos e 5 b b Jan Cond Ol olid 5 U)K (S szl o o taly
AOYAD) Ol Ol ST aoded 520 il S oo 3 & 538
2 515 5 s Gy Bkt oy A3k S ARG LST s p (a3 pr G ARS o (EaE p en Y
QAN AWV oo O 5 B s Bas 5 O as ordige 225 005500y
8. Odgaard, A.jacob, "River Channel Stabilization with Submerged Vanes", In Yang, Chih Ted, Wang,
Lawrence K. (Eds.) "Advanced in Water Resources Engineering", springer international publishing,
pp. 107-136, (2015).
e Wawe WJSEW 5 5 i p38s 853 (2 G255 Ol 68U Lo g Ol p Oy olid (5 (25T
QYA A 0-YA L o @) Sl oy Il o wbio
10. Pagliara, S., Kurdistani, S. M., and Cammarata, L., "Scour of Clear Water Rock W-Weirs in Straight
Rivers", Journal of Hydraulic Engineering, Vol. 140, No. 4, 06014002(7), (2014).

3P Oles (pukiga & 00 WAV (bl o 5 o e



11. Bhuiyan, F., Hey, R. D., and Wormleaton, P. R., "River Restoration using W-weir", Journal of
Hydraulic Engineering, vole 133(6), pp. 596-609. (2007).

12. Rosgen, D. L., "The Cross-vane, W-weir and J-hook Vane Structures Description, Design and
Application for Stream Stabilization and River Restoration", Wild land Hydrology, Inc. 11210 N.
County Road 19 Ft. Collins, Colorado 80524970-568-0002, (2006).

13. Pagliara, S., Kurdistani, S. M., and Santucci, I., "Scour Downstream of J-hook Vane Structures in
Straight Horizontal Channels”, Acta Geophysical, vole 61(5), pp. 1211-1228, (2013).

14. Bhuiyan, F., Hey, R. D., and Wormleaton, P. R., "Bank-Attached Vanes for Bank Erosion Control and
Restoration of River Meanders", Journal of Hydraulic Engineering, Vol. 136(9), pp. 583-596, (2010).

15. Bahrami Yarahamdi M, Shafai Bejestan M., "Sediment Management and Flow Patterns at River Bend
due to Triangular Vanes Attached to the Bank", Journal of Hydro-environmental Research, Vol. 10(0),
pp. 64-75, (2016).

B > Sy 5 Gl p S (S8 e Slmio J5e b S e op Ol olid p el Ul e )

AR AV=V e ) L5 it G b gl Ol as e & 500 ez 5380 0k

i B2y S 55 S e e B e Dok (5 e B p Ol liE p slexl UL ol g Y

OFAE) ol Oaky F 5 80 e Jame 5 Ol o0

18. Odgard A.jacob, "River Training and Sediment Management with Submerged Vanes", Published by
American Society of Civil Engineers, (2010).

19. Junali, T., Utpal Kumar, M., , "Experimental Investigation of Local Scour Around Submerged Vanes",
International journal Innovative research in advanced engineering, Vol. 2(7), pp. 21-24, (2015).
Ol o3 = sade e a2 VAY (18 53 ey 515 O ei st (24 dalllaen d (i fn g (65 bl g cpl (65 3mmie T

OFAD) AQ Sl )5 s 5555 e

21. Liaght, A., Mohamadi, K., Rahmanshahi, M., "3D Investigation of Flow Hydraulic in U Shape Meander
Bends with Constant, Decreasing and Increasing Width", Journal of river engineering, Vol. 2, No. 3,
(2014).

22. Marelius, F. and Sinha, S. K. "Experimental Investigation of Flow Past Submerged Vanes", J. Hydraul.
Eng, Vol. 124(5), pp. 542-545, (1998).

23. Gupta, P. U., Sharma, N. and Ojha, C. S. P., "Performance Evaluation of Submergence Ratio of a
Rectangular Submerged Vane with a Collar", International J. of Sediment Res., Vol. 21(1), pp.42-49,
(2006).

24. Odgard A.jacob, "Sediment Management in Rivers Using Submerged Vanes", proceedings of the

congress-international association for hydraulic research, Vol. 4, pp. 60-65, (1995).

WAV (S 6ol o 5 o e 33 Ol s &y 2



VYAV o Sl o s o S DOI: 10.22067/civil.v31i1.54328 8 Ol ligs &y

oS Hlwpglio 2T s B HLd ) » (GoYed B § it Ol dhold T
* 2B les” 81 5719 (Sl slo b

()« ) .

Ok s [ btz pslle il s Ol Aoy [ (sladlassilon Sl (Soloms 45 s oo OL2S 2 S & S (ladli)j on ) v O
3 il o ol Ly il slio 5 dibl o Yt iy dne i s ool Ll ok (sl i Alil5 s LaOlazsLe
oo B ki b g 4385 515 oo o s Joloei 350 0 bl LS (51 ST (slokilpo Sl oslizn Il 4oy [ (slacs il palde S lasz ol
O ol ooy G okt il 6l Jliiy o OF ity 5 islgn S5 o ool ol il sy 40 o053 Yd GO 5 4 O
Gl 500 G o ar WlS LU H0S i les (63Y 55 s (g (S Gl (6355 GME 5 ai s Do al ol 5135/ L aS A5 o

.JJJ.(Q,A a‘j[.w ‘;jj/ub VAREYA) UML(CAPL 45)/4.“«‘;4 ;';Aj[ﬂ:d))‘;t..)fﬂ L;[ﬂbg_,d/JI?)x; aﬂdju(ojw

O 5wt Ol kol S5 il LS i les canslon OB (silapslie (SUWST SWA0319

The Effect of Distance Between Steel Core and Steel Sheath on Behavior of Reinforced
Concrete Frame Retrofitted with Eccentric Buckling Restrained Braces

A. Kheyroddin M. Mollaei

Abstract The evaluation of the country past earthquakes show that many reinforced concrete buildings in
Iran are not earthquake-resistant. Damage to buildings against earthquakes, changing land use, changing
guidelines and the development of building, are among the reasons that necessitate the retrofitting. In this
research, retrofitting the reinforced concrete frames with conventional concentric and eccentric and
buckling restrained braces was analyzed and by changing the distance between core and steel sheath, the
effect of these parameters on the behavior of bracing and consequently the structural behavior has been
studied. The results showed that by increasing the distance between the core and steel sheath, the
deformability of steel core of buckling restrained braced frame is reduced, and localized strength
degradations are caused in the retrofitted structure that it was observed reduce of structural energy
dissipation by 5-20 %.

Key Words Reinforced Concrete Frame, Buckling Restrained Bracing, Eccentric, Distance Between
Steel Core and Steel sheath.
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Comparing the Influence of Kinds of Lime on Time and Swelling Pressure of
Bentonite
M. Siroos Pakbaz A. Kazempour I. rasoolan

Abstract This research compares the influence of different kinds of lime on the amount and time of swelling
pressure of bentonite. In the present research, constant volume method was used for measurement of
samples of bentonite soil mixed with 3 % of quick and hydrated lime compacted at 2 — 3 % dry of optimum
water content and after curing period of 0,1,7,28 and 90 days. The results showed that adding quick lime
to bentonite decreased the magnitude of swelling pressure, the time to reach to primary swelling pressure,
time rate of secondary swelling pressure and both stress and strain controlled swelling indices more
effectively than the use of hydrated lime. It was also determined that the values of these parameters
decreased further with increase in curing period. Traditional quick lime had the least slope of secondary
swelling pressure with time. The slope of secondary swelling pressure with time for samples stabilized with
industrial quick lime were lower than those which were stabilized with industrial hydrated lime.

Key Words Swelling Pressure, Swelling with Constant Volume, Quick Lime, Hydrated Lime, Soil
Stabilization Bentonite, Swelling Index, Stress Controlled Strain Controlled, Secondary

Swelling.
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Experimental Investigation of Flexural and Impact Behaviour of Flexible FRC Slabs
M. Karami M.K. Sharbatdar

Abstract The characteristics of PP and PVA FRC specimens under impact and flexural tests with totally
56 specimens were investigated in this paper. The test results indicated that effective parameters of impact
were significantly increased and the specimen behavior were improved. The strength and energy absorption
of rectangular specimens were respectively increased by 54 and 200% when the PVA fiber percentage was
twice. Final strength PVA specimen with 3% fiber was 87% higher that of PP specimen with same fiber
percentage. The impact strength of specimens reinforced with PVA fiber was three times of same specimen
reinforced with PP fiber.

Key Words Flexible FRC concrete, Impact strength, Energy absorption, PVA fiber, Flexural capacity.
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The Effect of Alkaline Solution-to-Slag Ratio on Permeability of Alkali
Activated Slag Concrete

K. Behfarniya M. Rostami Galedar

Abstract This study investigated the effect of alkaline solution-to-slag ratio on permeability of Alkali-
Activated Slag Concrete (AASC). Concrete, as the most widely used building material, has an undeniably
important role in development of economic and civic infrastructure. Alkali activated slag cement is an
environmentally friendly alternative to Portland cement, which can be produced by using an alkaline
solution to activate the binding effect of the blast furnace slag. Permeability of concrete has a direct impact
on its durability, so in this study a series of tests were arranged to examine the effect of alkaline solution-
to-slag ratio on water impermeability, chloride permeability, short-term and total water absorption and
compressive strength of AASC specimens. In experimental study four concrete mixes with alkaline solution-
to-slag ratios of 0.4, 0.45, 0.50, and 0.55 were considered. One mix made by ordinary Portland cement
were also considered for comparison of results. In addition, The images taken from samples AASC and
Ordinary Portland Cement Concrete (OPCC) by means of scanning electron microscopy (SEM) were used
to study the comparison of microstructure. The results showed that the alkaline solution/slag ratios of 0.45
and 0.50 are the optimum values for AASC production from the durability and permeability point of view.

Key Words Alkali Activated; Slag; alkaline solution; permeability.
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Behavior of Clay-Sand Mixtures under Undrained Triaxial Conditions
H. Soltani-Jigheh

Abstract Previous studies on the behavior of clayey soil mixed with granular materials shows that major
researches has been done under low confining stress level so that they almost exhibit behavior similar to
normally consolidated clayey soils and by increasing content of granular materials both of the shear
strength and excess pore water have been raised. In some researches, the results are inconsistent and the
effect of grain size of granular materials is not clear. To study the behavior of these soils comprehensively,
a series of consolidated undrained triaxial tests carried out on the clay and clay — sand mixtures under a
wide range of confining stresses. The results show that the behavior of these soils depends on sand content
and grain size. Adding 60% sand to clay, the shear strength increases and the mixtures consist of fine sand
has lower strength in comparison with those of including coarse sand. It also observed that dependent on
content and size of sands, the behaviors of specimens change from contractive to dilative one. So that at
low confining stresses, by an increase in sand content from 0% to 60%, the behavior of samples change
from contractive to slight dilation and then it is observed heavily dilation at samples include 60% sand.
Key words Clay-Sand Mixtures, Triaxial Test, Undrained Loading, Pore Water Pressure.
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Analytical Study of Seismic Behavior Types of the Arrangement Effect on the Continuity
Plates in Rigid Connection Between beam to Concrete Filled Steel Tube (CFST) Columns

O.Rezaifar S.H.Yousefi A.Yoonesi M.Gholhaki

Abstract Using continuity plates in the balance of the tensile and compressive beam's flanges in the box
column is for satisfying stiffness and strength criteria according to terms of the 2800 code and the tenth
issue of national building regulations. Since in box columns due to section closure, lack of vision and
inappropriate viewing angles performance of the continuity plates inside the column has many problems,
continuity plates removed from the box column and rigidity of connection provide by stiffeners from outside
welded the joint and their Installation is more simple than continuity plates. For this purpose connectivity
models without continuity plates, connection with continuity plates, connection with trapezoidal external
stiffener, connection with internal stiffener including networks of horizontal bar and the proposed new
connection which includes of the external stiffeners, concrete and networks of horizontal bar by ANSYS
software modeling and analyzed. Graph of force — displacement of models is drawn based on monotonic
and cyclic analyzes and on their have been determined rigidity, strength, ductility, energy dissipation as
well as the location of plastic hinges in every connection. The analysis determined that the proposed new
connection with the acquisition of rigidity 96.18, ductility 7.04, ultimate strength 89.45 ton and transferred
the plastic hinge into the area far from connection, therefor it is a good alternative for continuity plates.

Key words Ox Column Filled With concrete, Rigid Connection, Continuity Plate, External Stiffener, Panel
Zone.
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Fig 3. Results of RCPT

As Figure 3 shows, the increase of alkaline-
solution/slag ratio has increased the quantity of
passing electric charge in both 28-day and 90-day
samples. This means that higher akaline-
solution/slag ratios have decreased the resistance of
samples against penetration of chlorineions.

In this subsection, the results of water
impermeability test, Figure 4, conducted on 28-day
samples in accordance with EN 12390-8 guidelinesis
presented. To clarify the effect of alkaline-solution to
slag ratio on water penetration, the results of water
impermeability test wereis shown in Figure 4.
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Fig. 4. Effect of alkaline-solution to slag ratio on
water penetration.

To compare the microscopic structure of akali
activated slag concrete with ordinary concrete,
scanning electron microscopy (SEM) images were
prepared from both concrete, shown in Figures 6 and
7.

AN W F N
Fig 5. Electron microscopeimage from the sample
of alkali activated slag concrete

Fig 6. Electron microscopeimage from the sample
of alkali activated slag concrete

3. Conclusion

In this study, the effect of alkaline-solution/dag ratio
variation on permeability of akali activated dag
concrete were experimentally examined. AASC and
OPCC samples were subjected to a series of tests,
including: slump, compressive strength, theinitial and
total water absorption, therapid chloride permeability
(RCPT) and the water impermeability test. Based on
the results obtained it can be concluded that:

1. In al but one test (short-term water
absorption), AASC outperformed Portland
cement concrete.

2. There is only a dight difference between
short-term water absorption and total water
absorption of AASC and this can be
considered as another positive feature of this
type of concrete.

3. Based on the test results, the akaline
solution/slag ratios of 0.45 and 0.50 are the
optimum values for AASC production.

4. Alkali activated slag concrete have more
regular and crystaline structure than
ordinary concrete.
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1. Introduction

Features such as convenient moldability, good fire
resistance, easy production, and high economic
advantage have turned concrete into the best-known,
most popular, and most widely used construction
material. This growing use of concrete and cement
and its expected impacts on environment and
sustainable development highlights the importance of
novel methods and technologies of concrete
production. The use of alkali activated cements as the
third generation of cementitious material (after lime
and Portland cement) has arelatively long history.

Durability of concrete is one of its most important
properties, since concrete is required to endure the
design conditions throughout the entire life of
structure. Chemical agents are among the factors that
can reduce this durability.

This factor, permeability, is especially more
importance for hydraulic structures and those that are
Situated in marine environment. Reducing the
permeability of concrete can therefore improve its
durability and prolong the service life of structures.
Sodium hydroxide, potassium hydroxide, sodium
carbonate or a combination of sodium-potassium
hydroxide with sodium silicate or potassium silicate
are the most commonly used activator compounds.

2. Materials and experimental work
In this study, the 28-day and 90-day compressive
strengths of cubic samples were measured. Figure 1,
which shows the 28-day and 90-day compressive
strengths of samples, demonstrates the effect of A/S
ratio on the compressive strength of samples.
AsFigure 1 shows, as A/Sratio increases from 0.4
to 0.55, compressive strength first increases but then
exhibits a slightly downward trend.

80 1 m28day
70 -4 =90 day
60 -

56

50 143.6
40 -
30 -
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0
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Fig 1. Effect of alkaline-solution to slag ratio on
compressive strength
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As Figure 2 shows, the increase in akaline-
solution/dag ratio has increased both short-term and
total water absorption, but this increase has been
marginal. Moreover, the results show that thereisonly
adlight difference between short-term and total water
absorption of AAS concretes with different A/S. It
should also be mentioned that according to Iranian
Code of Practice for Concrete Durability in the
Persian Gulf and Omman Sea Region (PGOSR), the
short-term water absorption reported for all alkaline-
solution/slag ratios are suitable for ambient condition
C.

5.37
short-term
m Total

J 2.68 2.76 2.86
228 242 239 249 2.57;
o | 178
1 4
0
OPCC 0.4 0.45 0.5 0.55

alkaline solution to slag ratio

water absorption (%)

Fig 2. Short-term and total water absorption results

In this study, the rapid chloride permeability test
(RCPT) was conducted in accordance with ASTM
C1202 guidelines (Figure 3). To achieve a higher
accuracy, the samples were tested in 20 minutes
intervals.

1 Corresponding Author, Associate Professor, Department Civil Engineering, Isfahan University of Technology.

Email: kia@cc.iut.ac.ir

2M.Sc, Department Civil Engineering, Isfahan University of Technology.
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Table 1. Theimpact numberson regular and fiber
reinforced panels

Design Specimen First Final
Number | Dimension(cm) | cracking | crushing
number | number
NC-C1.1 30*30*2.3 1 1
NC-C1.2 30*30*2.3 1 1
NC-C2.1 30*30*4 1 1
NC-C2.2 30*30*4 1 1
PP-B1.1 30*30*2.3 1 4
PP-B1.2 30*30*2.3 1 3
PP-B2.1 30*30%4 1 47
PP-B2.2 30*30%4 1 55
PVA- 30*30*2.3 1 4
All
PVA- 30*30*2.3 1 4
Al2
PVA- 30*30*4 17 156
A2.1
PVA- 30*30*4 19 163
A2.2

As show in Figure 3, the maximum moment tolerated
by rectangular panels was higher than that of square
shape panels. And also it is clear that increasing fiber
percentage had the important role in improving of
performance at concrete specimens reinforced with
PP fibers.

4- Conclusion

The compressive and flexural static plus impact tests
were conducted on regular and also fiber reinforced
concrete specimens and the following results were
obtained:

e The load capacity and tensile and impact
strengths of concrete slabswere significantly
increased by adding PV A and PP fibers.

e Theimpact strength of specimens reinforced
with PVA fiber was ailmost three times that
of specimenswith PP fibers.

e The strength and energy absorption of
rectangular specimen reinforced with PVA
were increased up to 54% and twice after
increasing the fiber percentage up to 50%.

e The strain at maximum stress capacity and
maximum collapse stain of fiber reinforced
concrete cylinder specimens were increased
up to 4 and 6 times after adding 2% fiber
compared with regular concrete specimens.

e The maximum static load capacity of
specimens reinforced with PVA fibers was
higher that other specimen strengths
indicating higher impact capacities of these

specimens compared with the other
specimens.
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1-Introduction

Concrete is widely used in civil engineering
congtructions due to its significant and proper
characteristics. Though concrete is convenient and
inexpensive to be made, its brittle behavior upon
tensileloading isone of itsadverse propertiesthat lead
to the development of fiber reinforced concretes
(FRCs) and some types of fibers such as steel, carbon,
glass and polymer fibers are added to the concrete
mixture to overcome these deficiencies. The brittle
behavior of concrete is due to the fast growing of a
single crack that leads to the uncontrollable failure of
the specimen. High tenacity and modulus of elasticity
are the notable characteristics of these fibers which
are specifically focused in this research. The results
revealed good performance of the specimens
reinforced with such fibers. The amount of fibers
which are expected to be added mainly depends on the
functions of the elements which are going to be
casted. Adding less than one percent of the fibers to
the concrete mixture is suggested to restrain possible
shrinkage therein while structural improvement such
as flexural enhancement requires more amounts of
fibers.

2- Experimental Program

Thisresearch aimsto investigate the static and impact
behavior of some types of FRC specimens casted with
Poly Vinyl Alcohol (PVA) and Poly Propylene (PP)
fibers that involve suitable mechanical properties as
reinforcing materials for concrete. In the present
study, drop weight test and static load test were
implemented on fifty six specimens in order to
investigate the properties of PVA & PP reinforced
concretes. The characteristics of PP and PVYA FRC
specimens under impact and flexural testswith totally
56 specimens were investigated in this paper. The
output results were simultaneously recorded by a
digital datalogger to derivetherequired parametersin
order for input into the related diagrams namely L oad-
Deflection curve to be drawn and interpreted and

consequently the values of energy absorption to be
determined. The used material is shownin Figure 1.

Fig. 1. Used material

The details of impact test support with drop weight is
shown in Figure 2.

Fig. 2. Detailsof impact test support

3-Experimental Results

The results revealed a significant increase in effective
parameters namely impact strength and energy
absorption at tested specimens. In fact, the whole
results demonstrate a good performance of concrete
specimens reinforced with the above mentioned
fibers. The strength and energy absorption of
rectangular specimens were respectively increased by
54 and 200% when the PVA fiber percentage was
twice. Fina strength PVA specimen with 3% fiber
was 87% higher than that of PP specimen with same
fiber percentage. The impact strength of specimens
reinforced with PVA fiber was three times that of
same specimen reinforced with PP fiber as shown in
Table 1.

! Corresponding Author, Associate Professor, Civil Engineering Faculty, Semnan University.
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untreated soil (lower max. dry density) and shifted to
the right (higher optimum water content) as shown in
Fig.1. Addition of lime (all 4 types of lime) to
bentonite soil caused a decrease in swelling pressure
as shown in F. In fact addition of lime to the soil
causes increase in calcium ion in the soil that replaces
sodium and potassium ions in the clay and those
replaced cations have lesser tendency to absorbed
water and cause improvement in the plastic properties
and decrease in swelling pressure of soil. For treated
soil samples with increase in curing period, the
amount of swelling pressure and the time to reach
primary swelling pressure decreased. This means that
treated soil samples in comparison to untreated soil
showed faster rate of swelling pressure development
with time. This could be due to increase in the
permeability of samples as the result of flocculation
of soil particles in the presence of calcium cation.
Hardening of soil with curing period could be another
reason for faster rate of swelling pressure
development with time with increase in curing period.

5- Conclusion

1- Both quick lime (IL and TL) showed better
behavior in decreasing of swelling pressure. Most
decrease in swelling pressure was for traditional
quick lime sample with 90 days of curing period.

2- The increase in curing period for all four types of
lime caused decrease in swelling pressure.

3- Addition of all four lime to soil caused a decrease
in Cops

4- Addition of all four lime caused decrease in Cssrain
and Cistress

5- According to test results obtained, the addition of
quick lime with high percentage of CaO and with
28 days of curing is most economical and better
behavior in lowering the swelling pressure and
swelling index.
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1- Introduction

Expansive soils are soils that expand in volume due to
increase in moisture. One of the most effective
methods for reducing the swelling characteristics of
clayey soils is use of lime in the soil. Despite the fact
that many research studies have been done on this
subject for a long time in the past, it is still of interest
to many researchers in the world. Lime mainly
consists of Calcium Oxide (CaO) or quick lime and
Calcium hydroxide [Ca(OH)2] or hydrated lime.
When at least 3 % of lime is mixed in clayey soils in
the presence of water, the pH of soil increases to 12.4
and in this condition silicates (SiO2) and aluminates
(AI203) are detached from the clay minerals into soil
water solution. These species then react with Calcium
cation from the lime and as a result hydrated Calcium
silicate (CSH) and hydrated Calcium aluminates
(CAH) are formed which are then hardened with time
and cause cementation between clay particles. The
amount of 3 to 8 % lime in terms of dry weight of soil
is the proper amount for stabilization of expansive
soil. However, determination of the least amount of
lime necessary for pozollanic reaction to begin in soil
depends on the quality of lime, temperature and the
volume of water present.

2-Materials
Bentonite used in this research was obtained from
Kashan Doreen Co. Its index properties are given in
Table 1.

Industrial and traditional limes used were obtained
from Lorestan and Haftkel, respectively.

Table 1 Characteristics of Bentonite

8 W (%) ASTM
79 CF (%) D422-63
2.65 Gs D854

25 SL (%) D4318

36 PL (%) D4318
155 LL (%) D4318
119 PI (%) D4318

1.5 A D4318
cH Class D2438-06

3.Tests
In this research three groups of test were performed:
I-Index tests consisted of Atterberg limits and
standard Proctor compaction ASTM D698.
2- Constant volume swelling pressure tests according
to ASTM 4546
3-Unloading tests using stress and strain controlled
methods
Three groups of samples were prepared for testing
-Untreated soil samples
- Soil samples wet mixed with both hydrated
industrial (IL) and traditional (TL) lime with
0,1,7,28 and 90 days of curing period
- Soil samples dry mixed with both quick IL and TL
with 0,1,7,28 and 90 days of curing period.

Constant Volume Swelling Pressure — Unloading
test. In constant volume swelling pressure test the
objective is to find the highest pressure required to
maintain the initial height of the sample after
inundation. In this method after the soil sample is
placed into oedometer and water is added surcharge
loads are added in stages in order to maintain the
initial height of the sample until ultimate swelling
pressure is reached. In this method small surcharge
load of about 10 kPa is applied to the sample until
compression in the sample occurs (due to air
removal), immediately after completion of
compression, soil sample begins to swell upon water
absorption. Swelling of the sample is allowed until the
initial volume (initial height of sample) is reached. At
this time, the next surcharge load is added (about 10
kPa) to the sample. The process is repeated until the
ultimate swelling pressure is reached. This ultimate
swelling pressure is called swelling pressure. After
completion of constant volume swelling pressure
measurement, in order to obtain swelling index of the
soil sample, the sample is unloaded. For all samples
tested unloading was performed using both stress and
strain controlled method.

4. Test Results
According to Atterberg limits test, all samples had
high swelling potential. Liquid limit for treated soil
with IL and TL quick lime was increased as compared
to untreated soil. The reason for that could be the
tendency of quick lime to absorb water.

Compaction curves for all treated soil samples
with all four kinds of lime were lower than that for

! Corresponding Author, Assoc. Prof. , Civil Engineering Department, Shahid Chamran University of Ahvaz,

Iran.
Email: pakbaz m@scu.ac.ir
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4-The Effect of the Distance between Core and
Casing on the Behavior of Concrete Frame
Reinfor ced with Buckling Restrained Brace
In order to investigate the effects of changing of the
parameter of the distance between core and steel
casing on the behavior of concrete frame reinforced
with buckling-restrained brace, models having the
distance parameters of 1, 2, 3, and 4 mm and model
without distance have been prepared and analyzed for
which the obtained results are presented. For
examining the behavior of the finite element models,
nonlinear static analysis under increasing lateral load
has been used. The loading is gradually applied to the
structure, starting from zero, and it increases to an
extent until the structure reaches the stage of
collapsing. The analysis results are shown in Figure 4.
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Fig 4. L oad-displacement curve of frame models
reinforced by buckling-restrained brace having
distance between core and casing

Table 1. Analysisresults of models having distance
between cor e and casing

Distance
Model Pu du E
between core
Name (KN) (m) (KN.m)
and casing
BRBF-

3.0 0 170 0.04 543
BI;EF - 1 171 | 0.044 | 6.06
BRBE- 2 167 | 0.043 | P

S-2
BRBF- 3 154 | 0041 |

S-3
Blgif - 4 157 | 004 | 4/65

Table 1 represents the amount of deformation,
strength, and energy dissipation of models with
different distances between core and casing.

5- Conclusion

The amount of energy dissipation by the structure has
a direct relation with the number of buckling half
waves and consequently, the number of core-to-casing
contacts. Thus, the more the number of contacts, the
greater is the amount of energy absorption by the
structure.

The less the distance between core and casing, the
more the core-to-casing number of contacts.
However, greater displacements are required for the
formation of half-waves as the distance between core
and casing increases. Therefore, because of the lack of
contacting of core to the casing in some
displacements, the structure energy dissipation drops
down and remains until contacting of the core with the
casing.

In the case of no space between core and casing
(S=0), it is reduced from the structure lateral
deformation.

At the distances of 1 to 2 mm between core and steel
casing, the core is of the best behavior in terms of
ductility and it has the maximum number of buckling
half-waves, which lead to more energy absorption,
itself. Moreover, by increasing the distance between
core and casing, the number of vibrations is reduced
and it is reduced from energy absorption by the brace.
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1-Introduction

Studying previous earthquakes indicates that most
concrete buildings are not earthquake resistant.
Changing the use, changing the regulation criteria, and
building development are among the reasons that
make retrofitting mandatory. Among the retrofitting
methods, most attention is paid to the use of steel
braces due to ease and high speed of construction, and
lower cost of repair or replacement of damaged
bracing system after earthquakes. At the same time,
steel bracing system is also of some shortcomings
among which the main problems are related to weak
post-buckling behavior, and stiffness and strength
losses in the performance of compressive members in
conventional steel braces. The buckling-restrained
bracing system is a new type of bracing system along
with energy dissipation that the brace behavior in
pressure is the same as its behavior in tension and as a
result, it is of a much better ductility and energy
dissipation compared to conventional braces.

In this research, the reinforcement of concrete
frames using buckling restrained eccentrically braces
has been analyzed and by changing the distance
between core and casing, the effect of this parameter
on the brace behavior has been investigated.

2- Experimental Prototype

In order to validate the model, the experimental
studies performed by Khampanit et al. (2014) have
been used. The experimental investigation includes a
buckling-restrained concrete bracing frame. The
concrete frame characteristics are related to the
building of a school in Thailand. The manufactured
model has a scale of 0.5 relative to the main frame.
The frame height is 1.6m, the frame span is 4m,
columns have dimensions of 0.15%x0.15 m, the beam
dimensions are 0.15%0.3 m. The used bracing system
is of fully-steel buckling-restrained type. Using
hydraulic jacks, the samples have been subjected to
pseudo-static lateral loading, having the time history
presented in Figure 1. Additionally, a constant gravity
force of 150 kN has been applied to the columns.

_3;
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Fig 1. Cyclic loading pattern

3-Finite Element modeling of the Sample

In this section, the experimental sample is modeled by
using finite element method (FEM) and by the help of
ABAQUS software, and the results are considered for
validation.

Regarding the three-dimensional (3D) model of the
frame and brace, damaged concrete plasticity model
and 3D 8-node element C3D8R have been used for
modeling of concrete, and bilinear stress-strain
behavior and 3D 2-node truss element T3D2 has also
been used for modeling of steel.

Fig 2. Finite element model of the reinforced concrete
frame

After the analysis of the finite element models, their
hysteretic envelope curves were drawn and the
obtained results were compared with the results from
experimental samples.

.04

Lateral Loag, (KN)

_I%gglacement (m)

Fig 3. Envelope curves of concrete frames reinfor ced
with buckling-restrained bracein two experimental and
finite element cases
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Table. 3. Summary of the experiments

Fr | Hicm) | de | d |a(deg) Le
02 * * * * *
0.2 3 4H H 10 16H
0.2 3 4H H 20 16H
0.2 3 4H H 30 16H
0.2 3 4H H 40 16H

In the above Table, Fr is Froude number, H is the
height of vanes, Le is the lengthy distance of vanes,
o istheinsertion anglein degrees, d is the insertion
depth of the vanes and deisthe distance from the outer
bank of the vane. After conducting each experiment,
the bed topography was measured using a laser meter
and finaly using the Tecplot software, the bed
topography of the physical model was constructed.

3-Results
Based on the experiments and analyzing them, the
results are as follows:

1. Inthecontrol experiment and without inserting the
immersed vanes, the erosional hole with a
maximum depth of 50 mm exited from the 130-
degree position near the outer beach and was
continued to the end of the data sampling scope.

2. Immersed vane's structure caused fundamental
changes in the pattern of erosion and
sedimentation in rivers arc.

3. The maximum depth of the erosion hole in two
mounting angles of 20 and 40 degrees, is equal to
20 mm whereas compared to the control test (the
maximum erosion hole depth of 49 mm) it has
60% reduction.

4. In the mounting angle of 20 degrees, the erosion
holes utterly attached to the outer banks, but the
erosion holeinstalled at 40 degrees angle got away
from the outer beach.

5. The best installation angle of immersed vanes is
40 degrees. Also, the results of this study is
compatible with the results of Avodgard (2008).

6. Attheinsertion angle of 40 degrees, the length of
the erosion hole was 44 cm where compared to the
control experiment (160 cm) it has 73% reduction.
Hence, by installing immersed vanes at thisangle,
the minimum possible length of the outer beach
with face with erosion is obtained.
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1-Introduction

Investigation of the flow mechanics of a river, the
time changes of the river, hydraulic flow simulation
and changes in the meander riverbed are some of the
most important issuesin the field of meanderedrivers.
River are subject to constant change due to erosion
and sedimentation. Understanding such changes for
the purpose of organizing and immunizing river
against the obtained result is very important.
Normally, bed erosion leads to instability of sidesand
this process is followed by soil mass falling and
geometric deformation of the cross section of the
river. The outer beach zones are displaced owing to
the erosion and is a threat for riverine structures.
Because of the presence of eddy flows in the
meanders, the riverine erosion in the outer side and
sedimentation in the inner side is much more
considerable than straight paths. The erosion of the
outer sideleadsto displacement of the arcsof theriver
and consequently destructs the agricultural lands,
technical buildings and infrastructure and reduces the
total river flood passing capacity. In order to control
erosion and manage sediment in the meanders, two
methods of direct protection (concrete quilt,
vegetation, riprap, etc.) and indirect protection (flow
pattern modifying methods) are used. Selecting the
appropriate method to control erosion and
sedimentation in meandering depends on
environmental  conditions (for instance, the
implementation of concrete quilts are hampering the
growth of vegetation coverage), river hydraulic
conditions and economic issues.

Recently, in order to manage the sediment in
meanders, direct protection methods (structural
methods) are used. Thefirst step toward ensuring that
the flow pattern modifying structures can solve the
problems, is design of their dimension and the
placement approach, whereat these structure are able
to create the required changes in the erosion and
sediment patterns so that it will reach a stable limit.
Theimmersed vane structureis one of the flow pattern
modifying structures which has not been implemented
yet. These vanes are similar to submerged vanes in
terms of performance where the difference is that the
immersed vanes are installed higher than the river bed
level. The installation angle of the submerge vanes
has a high importance in design since it directly
affects their performance in atering the erosion and

local scouring near them.

Considering the fact that the immersed vanes
structure is installed higher than the river bed level,
implementing them is easier and less expensive in
deep rivers with constant flow compared to
submerged vanes and above al, in angles with high
hydrological performance, the structure is not
imposed to local scouring. Moreover, there is a
possibility of a higher yield in changing the bed
pattern. Hence, proper installation of immersed vanes
in meanders, which are not implemented yet, are
investigated in this study.

2-Materials and methods:

In order to achieve to the aims of this study, aphysical
model of the Jangiye 180-degree arc located in the
down of Ahvaz was built inthelibrary of river models
of Shahid Chamran University. The aforementioned
arc has experienced different width changes during
consecutive years and has caused damages to Jangiye
village or nearby palm gardens. The summary of river
characteristics of the site of interest is presented in
Table (1).

Table. 1. River characteristics

Lengthof | Average 2-year
prototype flow discharge Sedl ment
section depth (M3/s) size (mm)
(km) (m)
2 7.75 2560 0.1

According to the library condition and the present
limitations and choosing the model scales of 300 and
50 respectively for
dimensions, the physical model is presents in Table

horizontal and vertica

().
Table. 2. Model characteristics

Lengthof | Average

modeled | flow dizs'c Yer | Sediment

section depth harg size (mm)

(lit/s)
(m) (cm)
7 15.5 2560 2

After constructing the physicak model and
preparing the experiment requirements, and
performing each experiment for 4 hours (the time
determined by primary experiments), the summary of
the experimentsis depicted in Table (3).
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4. Apply boundary conditions.
5. Calculate the out-of-balanced force vector.

/q
6. If Z(ri”)zée, go to (14), otherwise,
i=1

continue.

7. Construct the fictitious diagonal mass matrix.
8. Form artificial damping matrix.

9. Update artificial velocity vector.

n+l

107" T =ar"

q

11. If Z:(Di'”m)2 <€, go to (14), otherwise,
i=1

continue.

12. Update displacement vector.

13.Set n=n+1

14. Print the result of the current increment.

15. If increments are not complete, go to (1),

otherwise, stop.

To evaluate the numerical efficiency of the proposed
method, some 2D and 3D truss and frame structures
are analyzed with elastic linear and geometrically
nonlinear behavior. For this purpose, a computer
program is written based on the proposed DR
algorithm, using the Fortran Power Station software.
The prepared program utilizes the finite element
method for modeling the structures.

The convergence of the prepared DR program is
controlled by calculating kinetic energy and residual
force of fictitious dynamic system at the end of each
iteration.

Numerical studies prove that the proposed method is
completely stable so that convergence to the static
equilibrium position could be aways achieved. In
other words, the proposed DR algorithm guarantees
the DR stability. Moreover, the convergence rate of
the suggested DR process could be evaluated by
comparing the number of convergence iterations. The
results show that by using the proposed algorithm for
fictitious mass, the convergence rate of the viscous DR
method is improved so that the proposed algorithm
presents the structural response with lower iterations
in comparison with other common DR techniques.

4-Conclusions
By using transformed Gershgoérin circles theory,
which was previousy used in the kinetic DR
technique, a new formulation was proposed here for
the fictitious mass of viscous Dynamic Relaxation
method. Accordingly, a new algorithm that uses
modified time step ratio was introduced for viscous
DR technique. For numerical verification of the
proposed algorithm, some structures such as trusses
and frames with linear and nonlinear geometrical
behavior were analyzed. The results could be listed as
follows:
1. By performing the proposed formulation, new
fictitious time step was achieved for Dynamic
Relaxation method.

2. The proposed viscous DR algorithm is completely
stable so that convergence to the steady state is
achieved in al numerical examples.

3. The convergence rate of the proposed method is
more than the well-known viscous DR techniques.
In this case, a considerable reduction has occurred
in required convergence iterations. In other words,
the proposed technique has suitable efficiency and
higher convergence rate in comparison with other
common viscous Dynamic Relaxation method.

4. The proposed DR method does not impose any
additional calculations to the common Dynamic
Relaxation algorithm. Asaresult, theanalysistime
of the new scheme isless than the well-known DR
methods.
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1-Introduction

Calculation of nodal displacements and member
forces under applied loads are the aim of each
structural analysis. Member forces could be written in
teems of nodal displacements. Thus, nodal
displacements are the main parameters, obtained from
structural analysis. This goal is achieved by solving a
simultaneous system of equations, obtained from the
finite element or finite difference schemes, asfollows:
SD=F=P (0]

The main difficulty for solving Eq. (1) arises from
nonlinear behavior. The explicit methods such as
Dynamic Relaxation (DR) technique use vector
operations to get answer of EQ.(2). This feature
increases the efficiency and reduces the required
memory so that the answer is obtained by simple
calculations.

According to damping factor, Dynamic Relaxation
method is categorized into two main branches, i.e.
Kinetic Damping and Viscous Damping. Since the
mechanical energy of a conservative system is
constant, the potential energy of a position with
maximum Kkinetic energy will be minimum which
presents static equilibrium. Thisconcept followsinthe
kinetic DR procedure.

In the viscous DR technique, by assuming fictitious
damping for structure, the static system is transferred
to an artificial dynamic space. Due to the existence of
fictitious damping and absence of dynamic load, the
transient response disappears after awhile and finally,
the steady- state response of the fictitious dynamic
system that is the static equilibrium position of the
main structure remains. For this purpose, the static
system of Eq. (1) is shifted to a fictitious dynamic
space, asfollows:

M"D"+C"D" +S D" =F" = P" &)

In this paper, a new relationship is proposed for
fictitious mass of Dynamic Relaxation (DR) method
with viscous damping. For this purpose, atransformed
Gershgorin theory is designed. Utilizing transformed
Gershgdrin theory, a new relationship is achieved for
fictitious mass of viscous DR by formulating modified
time step ratio. This procedure presents new algorithm
for the viscous DR method.

2-Transformed Gershgorin Theory
It should be mentioned that the numerical stability of

DR iterations depends on the upper bound of
eigenvalues of fictitious dynamic system. In the DR
technique, approximate methods such as Gershgorin
theory are utilized for estimating the eigenvalues. This
theory has an important weakness so that it may present
negative or zero values for eigenvalues that is not
possible for dynamic behavior of the system. This
difficulty is removed by proposing a transformed
Gershgdrin theory. The transformed Gershgorin
theory estimates the eigenvalues in three sub-domains;

q
S, >;sj i=1,2,..q @

j#i

19 .
S2BIES < s i1z
293 =1
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19 3 .
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Utilizing the transformed Gershgérin theory and
satisfying the stability conditions of DR procedure, a
new time step ratio is proposed as follows:

2428y =201+ pJ1- ¥

2

7

“1+2y, + 28y, - 20+ By, AJ1-¥,

8L+ B+y, + By )+ +2By — A1+ ﬁ)\/}/‘z +5y" +8y, +4

i

a = Min

(6)

3-The Proposed DR Algorithm and Numerical

Results

Utilizing the modified time step ratio, the proposed

agorithm for viscous DR method is as follows:

1. Assume initia values for artificia velocity (null
vector), displacement (null vector or converged
displacement on the previous increment, if
available), fictitious time step and its ratio
(a =7 =1) and the convergence criterion for
unbalanced force and kinetic energy (e = 1.0E —
6) (and ey = 1.0E — 12 ).

2. For the first iteration, it is assumed that o = 1,
otherwise, calculate time step ratio from the
proposed formulation.

3. Construct tangent stiffness matrix and internal force
vector.

1 MSc, Civil Eng. Dept., Mashhad Branch, Islamic Azad Univ., Mashhad, Iran.
2 Corresponding Author: Associate Prof., Civil Eng. Dept., Mashhad Branch, Islamic Azad Univ., Mashhad,

Iran.
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it is seen that the base moment frames designed with
the ultimate behavior factor of R,=3.5, have an
average behavior factor of 3.1. However, in spite of
reducing the ductility reduction factor (R,) in the
KBMFs, their behavior factor increases due to the use
of knee braces (Raye =4.7).

By comparing the average behavior factor of the
KBMFs with the corresponding value of intermediate
moment frames (IMFs), it can be seen that by adding
knee braces to the base bending frame and increasing
its degree of indeterminacy, the dual frame behavior
has improved and it is comparable with the IMFs in
terms of energy dissipation.

Furthermore, inelastic story drifts were computed
from the dynamic analyses as the average of the
maximum story drifts for each story from seven
analyses. It was observed that the KBMFs drifts are
lower than the Life Safety allowable drift ratio.

Tablel. Behavior factor of the frames

Model Ry Q, Ry
M3-2 2.4 1.42 3.4
K3-2 2.15 1.96 4.23
M3-3 2.32 1.29 3.0
K3-3 2.2 1.82 4.02
M6-3 2.8 1.61 4.46
K6-3 2.13 2.34 5.0
M6-5 1.66 1.49 2.48
K6-5 2.07 2.15 4.47
M10-5 2.11 1.21 2.56
K10-5 2.55 2.13 5.45
M10-8 2.11 1.30 2.74
K10-8 2.55 2.04 5.22
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1-Introduction

Moment-resisting steel frames (MRSFs) have high
ductility. However, they suffer from low lateral
stiffness which may lead to large lateral drifts.
Recently, a new lateral force resisting system called
knee-braced moment frame (KBMF) has been
introduced in the literature in which the seismic
behavior of an ordinary moment frame is improved
using some knee elements as structural ductile fuses in
the vicinity of beam-to-column moment connections.
This system has the key characteristics of both
moment frames (ductility) and concentrically braced
frames (stiffness) simultaneously.

The main advantage of this type of structural
system pertains to the type of its beam-to-column
moment connections in which there is no need to use
the costly specific moment resisting connections in
SMREFs. Instead, relatively simple ordinary moment
connections can be used for such systems.

Considering the necessity of identifying the
characteristics of the proposed system, the seismic
behavior of KBMFs are investigated in this study
using the macro-modeling approach and nonlinear
static and dynamic analyses and their seismic
parameters are evaluated.

2-Design and Modeling of Frames

In this study, six moment frames of 3-, 6- and 10-story
with different span lengths are considered. All story
heights and span lengths were 3 and 4 m, respectively.
For convenience, the frame models were assigned a
specific symbol as Km-n where m and n stand for the
number of frame stories and spans, respectively.

The column members are modeled with elastic
beam-column elements with the relevant section
properties and an elastic material constitutive model.
However, the beam and brace members are modeled
nonlinearly with a Menegotto—Pinto uniaxial steel
material model. To describe the nonlinear behavior
and plastification of beams, the distributed plasticity
approach using fiber-section beam-column elements
was adopted.

In order to simulate geometric imperfections and
accurate modeling of knee-brace buckling, a physical-
theory model (PTM) is utilized in which an out-of-
plane camber (geometric imperfection) is applied to
the longitudinal profile of the knee-brace members.

3-Frames Analysis
To perform nonlinear dynamic analyses on the

models, seven earthquake records that have occurred
in California were selected. Based on the dynamic
analyses results, the frames overall overstrength factor
as well as the overstrength factor of the side columns
were estimated. The frame overall overstrength factor
is calculated by dividing the average dynamic base
shear demand (V) by the elastic base shear demand
(Ve) as per the equivalent static lateral force
procedure.

4-Conclusions
The overall overstrength factors were determined to be
between 2.74 and 2.21 for the 3-story to 10-story
KBMFs, respectively. These factors are less than the
code-prescibed overstrength factor of 3.0 for
conventional moment frames. This reduction in the
overall overstrength factor as the frames height
increases is attributed to: (1) different governing
forces to design the studied low- and high-rise frames;
and (2) the effect of frames higher vibrational modes.
As it was pointed out earlier, the ratio of column
dynamic axial force demand to the elastic axial force
based on the equivalent static analysis procedure was
determined as the columns overstrength factor. The
normalized column demand (overstrength factors)
variations for the studied frames are shown in Fig. 1.
As it can be seen, the columns overstrength factor
increases with the height of the corresponding story
level. After performing nonlinear static analysis on the
studied frames and drawing their capacity curves,
some important seismic parameters were computed.
The determined factors include: ductility
reduction (R,) and static overstrength factors (€2,) as
shown in Table 1 for the initial base
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Column Overstrength Factors
Fig. 1. Height-wise variation of the columns
overstrength factor

moment frames and the corresponding KBMFs to
estimate their behavior factors. According to Table 1,
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