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Abstract

The brittle nature of cementitious materials leads to the formation of cracks and damage in
concrete structures, highlighting the necessity of using materials that can prevent the initiation
and propagation of shrinkage-induced cracks while enhancing the mechanical properties of
cement mortars. This study examines the shrinkage and mechanical properties of cement mortars
modified with polyvinyl alcohol (PVA) and styrene-acrylic latex (LSA). To this end, a standard
cement-based mortar was prepared using 400 kilograms of cement with a sand-to-cement weight
ratio of 3. The cement-based mortar was modified by incorporating LSA at dosages of 5%, 10%,
15%, and 20%, in two groups: one with and one without the addition of 2% PVA. Following this,
tests for compressive strength, flexural strength, abrasion resistance, and shrinkage were
conducted on the samples. To assess the surface adhesion of the mortars, a surface tensile test
was performed. The results indicated that the addition of 10% LSA resulted in a 25% increase in
the compressive strength of the mortars without PVA compared to the base mortar. The inclusion
of PVA in all mortars containing LSA led to a reduction in compressive strength. The flexural
strength of the mortars with 2% PVA and 10% LSA increased by 29% compared to the base
mortar. Abrasion resistance decreased by 11% with the addition of 10% LSA to the base mortar,
and by 5% in the samples containing 10% LSA when 2% PVA was added. In summary, the
addition of LSA reduced shrinkage, while the inclusion of PVA increased it. Adding LSA up to
10% improved surface tensile strength, whereas the addition of PVA resulted in a decrease in this

property.
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Chemical compound Physical propeties
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‘ = AlLO; 4.64% Blaine fineness 3350 cm?/g
=0 0 compressive strength 2
| Fe,03 3.4% (7 days) 370 kg/cm
OH n o, Compressive strength 2
Ca0 63.61% (28 days) 480 kg/cm
MgO 2.09%
LSA plas SGlad S5 ol g ¥ JSS Na,0 + K,0 -
Fig. 3. Appearance and schematic chemical formula of Latex SO;3 2.24%
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Fig. 1. Fine aggregate distribution cureve

PVA ; LSA Slasis Y Jga=
Table. 2. Properties of latex styrene acrylic and polyvinyl alcohol

Latex Styrene-acrylic ~ Polyvinyl
Polymer name EyLSA) g alcoth(P\y/A)

Chemical formula C11H1202 C2H40
Melting point 210 200 °C
Boiling point 220 228 °C

Density 1.2 1.19g/cm?
Flash point - 79/44°C
Water Solubility Soluble soluble

YIS Jeusish mlbond Sl IS 5 a3 s ¥ S5
Fig. 2. Appearance and schematic chemical formula of Polyvinyl Alcohol
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Table. 3. Mortar mix proportions

PVA (Weight LSA (Weight
Cement
No. Percentage Percentage (kg /m3)
of Cement) of Cement)
MO 0 0
M-L5 0 5
M-L10 0 10
M-L15 0 15
M-L20 0 20
M-V2 2 0 400

M-L5-V2 2 5
M-L10-V2 2 10
M-L15-V2 2 15
M-L20-V2 2 20
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Fig. 4. Shrinkage measuring device
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Fig. 5. Pull off test set-up
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Table 4. Mechanical characteristics of cement mortar and modified polymer mortars

7-Day _ 28-Day_ Surche Flexural )
No. Compressive  Compressive  Tensile strength abrasion
Strength Strength Strength
MO 47.6 58.4 3.82 7.12 18.07
M-L5 54 58.8 4.55 7.38 17.1
M-L10 59.4* 62* 4.89* 8.95 16.1
M-L15 56.8 61.2 4.24 7.58 16.18
M-L20 55.6 50.8 4.09 7.19 17.54
M-V2 43 46.4 3.49 8.23 15.64
M-L5-V2 48.4 52.4 3.38 8.61 15.05*
M-L10-V2 43 60.8 3.98 9.17* 15.24
M-L15-V2 35 49 3.27 8.43 15.78
M-L20-V2 29.4 37.2 2.93 8.12 17.89
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Fig. 6. Changes in compressive strength in two- and three-
component mortars containing acrylic styrene latex and polyvinyl
alcohol
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Fig. 7. Changes in bending strength in two- and three-component
mortars containing acrylic styrene latex and polyvinyl alcohol
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Fig. 8. Pull Off test results in two- and three-component mortars
containing acrylic styrene latex and polyvinyl alcohol
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Fig. 9. Abrasion test results of two- and three-component mortars
containing acrylic styrene latex and polyvinyl alcohol
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Fig. 10. Shrinkage results in two- and three-component mortars
containing acrylic styrene latex and polyvinyl alcohol
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Abstract Review History

In order to facilitate the release of floods from the dams and to prevent their damage or Received: Jul 18, 2024
collapse, a structure called a spillway is used. Due to the natural and variable flow of the input to  Revised: Sep 25, 2024
the reservoirs of the dams, there are times when the river inflow excgeds_ the consumption Accepted: Nov 23, 2024
amount in the downstream agricultural lands. In these cases, excess water is discharged over the

crest of the weir and flows towards the spillway, which causes high velocities. This high velocity Keywords

creates low pressure areas on the spillway concrete surface, which can cause major damage to the  ANSYS

spillway or even endanger the integrity of the dam structure. Therefore, the dam spillway must  gnergy dissipation

safely dissipate the kinetic energy. One of the types of weirs is the stepped spillway to facilitate : :
. . numeral simulation

the passage of the flow over the dams. One of the most obvious practical features of stepped .

spillways compared to other spillways is the considerable energy dissipation along the spillway. StePPed spillway

Care should be taken in designing and selecting the type of spillway to prevent potential erosion  turbulence model

and reduce kinetic energy as the water flow passes over the spillway. One possible solution is to  velocity distribution

use a stepped spillway instead of a smooth spillway. In this study, a numeral model of a stepped

spillway with different steps and slopes is used. For this purpose, ANSYS software is used for

modeling free surface with application of k-¢ turbulence model. In the present study, numerical

simulation using the Volume of Fluid (VOF) model was used to investigate the mixing

phenomenon of two phases of air and water of the free surface flow. The flow field was

continued until the residuals reached 10”. Compared to simpler models such as Mixture, which

operates solely on the basis of averaging the properties of two phases, the VOF model, is

separating the phases and considering the effects of the interface. The VOF model, is capable of

more accurate simulation of phenomena such as fluid mixing, turbulent flows, and heat transfer

in multiphase flows. A number of hydraulic specifications which are considered in designing the

stepped spillways are the pressure on the surface of the steps, velocity distribution and energy

dissipation. The results from the numerical models were compared with experimental studies.

They showed acceptable agreement with physical simulations. Results show that discharge and

spillway slope increment reduces the amount of energy loss. In the spillway with 5 steps, for a

discharge of 0.063 m%s, the amount of energy dissipation at a slope of 26.6 degrees changes from

85 to 82% at a slope of 45 degrees, which shows a decrease of 3%. With the increase in

discharge, the flow depth increases and reduces the effect of the roughness of the steps on the

upper layers of the flow. Increasing the height of the steps increases the rate of energy dissipation

and also increases the occurrence of negative pressures in stepped spillway. In this case, the

contact surface between the main flow and the eddy currents increases. With the increase in the

height of the steps, the dimensions of the rotating vortices also increase and cause a larger radius

of rotation on the steps. The presence of these large rotating vortices separates the flow from the

bottom of the steps and reduces the pressure on the surfaces. The number and dimensions of steps

can alter the energy dissipation rate. Increase in the number of steps in a spillway with constant

height, reduces the energy loss as the result of steps dimensions being shrunk.

* Corresponding Author Email: salmasi@tabrizu.ac.ir - ORCID: 0000-0002-1627-8598

Copyright © 2025, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
BY NC

4.0 International License (https://creativecommons.org/licenses/by-nc/4.0) which permits Share (copy and redistribute the material in any
medium or format) and Adapt (remix, transform, and build upon the material) under the Attribution-NonCommercial terms.

21


https://doi.org/10.48311/mcej.2026.12718
mailto:salmasi@tabrizu.ac.ir
https://orcid.org/0000-0002-1627-8598
https://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0000-0002-1627-8598

.
]
Ul

WPI3e Ulres (e (sele dlxo

FS LYY Olmio - VF+F Jlo & o,leds YO 093
DOI: 10.48311/mcej.2026.12718

T S sl 500 0Lz (P31sr 5 655 Sl (g3 el

seele o SV Ll 53 Cels (6 K0 s

Ol gl Gy o oKl (5LaS eaKtils ¢ ol (gbaosl il § el wdige 05,8 iyl ol )8 st ol 2515 )

Q\ﬁ\ ‘j‘ij"" Lﬁ}J om‘} 46))‘5\.\:.5 om‘} LUT J“")""@" bj; L)l:.i.;‘) Y

S313 azsu b
VEOY/OEYA 1ol s
VEaY/ev/e Y :ngf.})'l.z

VEAY/ A4/ s

LSJ:JS Slls
S5 S
$3de gsleans
S s
LW Je

e
ANSYS

oS>

Sl 3 b e SO s 55 3 O s ps 53 i (651 RS 5 Gl bl 6 S e sl

e (g 03) Sl o Sl & G e Sleslitad (S ol S5 DG 1 p3Y 285 ) e 658
63 B Olgeals e il s 4 8l el b (S s slaesle abex 51 S ) e
Sl adises glaady 5 s lols S 5 5l ode Gladie (Gadosd cpl 53 5405 0L 2 (6551 Sl
il dae s ANSYS 1510 5 51 5Ly 0L (s3lwansd sl 23S S5 s 3550 Ol il o8 o)
et Sl et G 53l aalsl 1077 e & beilegil Oewry B 0L > = Olse .ol oslizd Keog
e 3,5 L5 s3e (s3lmi S el 3151 e U5, 5 a5 o 5L 5o LSt ey b
ol = B o S Mixture ssle Seslo sladie L aclie s .03 oslizd Volume of Fluid (VOF)
DU 3,8 55 5 a3l G3s S8 LVOF Jute &S e s 56 55 ol 51 (6,8 ke

‘SJ:_.;A

(s S 8 e LS sl e b s a8 Sdssdes Sl 1 s Sl (b oL >
L e silwand 5l Jols mli .l (6550 Sl 5 baaly (655 o 155 claaly sk (5, LS Juls
B s gladde b gade e Jpd LB Sales 5l Sl mls 5 s anlis AT gldie i gsliws
o ey 0 5o 53 bl 1S 0L (55 SOl iy ot 5 0L (25 R L aS sls 0L
33 A3 AY e 4 Ao 3 AD Sl as s Y8/8 55 (655 SHgal Jlie sl caSe e /05T s sl
Do caly SIS 331 L ool gL U o SO 3 s e DL 1) o p3 T 2l oS ey 3 YO o

Al RIS a sl 03 S L 0 (855 S

L o ao s glacaul 5 S sl VU slacs o
w‘g@ﬁ)ﬂuuﬁ)ﬂajﬂﬂé.b)_}TJ)UM)L’Z?LLw

Gl ok b i 55 SHgmal sl Lol sb o &S

dadis —)
S0 Ol e il Jopd Gl = plresl sy
w;dﬁ\ﬂ);.mwiywij\éﬁjle—juu

g_.JTc&:a-—-dl k:a.—.u-lﬁu.:.’L—i QMJ\J.?_JLAM Q)'B:A«{LSJJJJ

Creative  MoJloys some cos 9 0ad piaia T (s jiws gty allia ool (TMU Press) o se oy s olKisls whlial ¥-Y0 © culyo8
ol Lilgs oo Leds Game ol Lwlwl s (hitps://creativecommons.org/licenses/by-nc/4.0) 5,1 ,1,5 Commons Attribution-NonCommercial 4.0

0000-0002-1627-8598 :ORCID - salmasi@tabrizu.ac.ir :J siws sty & bl

._\.:.;fo.)liiwl‘_;)lqd).:iML&A6|ﬁQTj|50);;5|)nM,JfU4§3TLﬂZ4.3L%uéjhjbpdﬁlﬂgbol—l{g.xﬁif@_l)élegQ)&legA@f‘_;h}lw)’;_aﬂé)h)_\l)vlbﬁ

Yy


https://doi.org/10.48311/mcej.2026.12718
mailto:salmasi@tabrizu.ac.ir
https://orcid.org/0000-0002-1627-8598
https://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0000-0002-1627-8598

\f‘f dLﬂ s; O)LQJJ nYA 0)’3

o3 Ulyes (pwdige ool alone

L il 50 4 iy (G slages o 53 [8] 58 ooz
La S sl ol&an ol 55 5 b e aalsl 35T o 4 Ok
L7728 ST 15 0L o o sl pa 4315 n

Solwand OLSl oS ol 4, iy Jlsle s <G ANSYS
5 Sz gydos ¢ pand wdige (DYl Salis b o e Bl
S G ml 53 S el 5 ) i slawine S0
Slewlwe SV Sl gl 6)l0l Olye 4 ANSYS CFX
S ool 5l )l SCCFD sy i e 4 S o,4(CFD)
byl s dleel 5 ol o2 SVslas Jo 50 b 51 Jbw 25 >
33 an CFD lagsslovans C35 A4S o il jasiiae (65 50
el sl (Soledde CukS 5 Olsls w2 (gaue

Shesliul L 1y gadee Jds (Y2YY) O, LSCan 5 o303 Le
Ol b Sl 3sdees O (255 5 FLUENT 153l 5
S Lol 13 aslinal 5550 dats gy 4 05 e 3 305 e
5 b 191 s 5 o g i 5T 0L o o (sl Ko Joke
ks Slasiin b a1 die G 5o (Ye0)) 0 Ks
b g o K5l3T 3 & s S o1k skl sl 5o
Jaie slaesls 0T [10] 555 o sLid 5 o Lo el 5ol
Y e EP B N B RV B WP P VRPN N L4 5 |
L3S gl 1 S el 55 ppdige 095 5 IS5 el

Ansys 153 = Slesle ol L (Y2 Y4) obdst 5 0L jeS o
@l A0S oleand ) Sy gl ) Ok~ CFX
5ot Al i 65 Sl s b a8 s Ol
Laads 3lUns 5 5 e a3 il bl Ll slias
caadllae OF aoly o 2alS (653 SVl laaly (138,50
o s mls o Ll o CEX (gade Jos 45 sl 0lis
AT Gla s gl b il Ll e Slslons
Jiee s 52 (VYY) OS5 <86 [11] Al g 5m
L oLsd 5 o5 =51 B LSy o e 555 0L 20
23 moee QLS L glag o aS sl 0L ml LS axJlas
o el Glag s o Sl i Ao s aw (aly 0L a0
0L Lgm s =B ol VL gla s 55 Ll S e O
23 5 b (s rhy e LA G esle (sla g e s o
Sheslawl 4S5 s S Ol Ll titea gty 58 dates 4ot

Yy

fLi) 5 s 8l slaady shls Y gmons Loy ol (1]
S e 5 s el o shen 5 s C S
A0l 3 puls (Sdssdes slaesle os cns ol S Ll
[2]

St Sl T sl aias 53 poman SISk lag s o
oslil ( I LS 5 Gl 5 05mST 2l aile (O kS
oI 5 SOl Ol (S (B L IB] e
gLl 5 Jsb (il ams o (5ol Ges Ll e S A oo
DB slasil sl g a5 osls Al 1) il slaelgss
4] A5l 4235 ol jan & it Sl 43 g 8

32 0L e Moa S lags e 03 0L 2 Sssds
e 5 3503 (935 sl Sy daaly s 5 1a-Of (536
o=l ol sla S 5 (S s e S5 ST £ R
el 0L > ST L Ly B 539, AT b dlag,
T e a5 5 Ol Dbl Wsa s glacl>
oo By g 5 e pslbe b Tsa Gl tdi e sl
ke an el il Sl (B e () (B S o sk
L AP ams Lol 51L[8] 5500 J& $5,00 5 (el 2S5
(RCC) o3 i3 Skle o ék_aa)'l Lo ol anw g
Ll e s Gk glag s Flas ol L 5550
S5 lae g5 ol b S slajs o el 03,8 Ll
5l (6 iy Cmatl Sl i ol el s 5 Al alis
L it slaol = S sls olis (044Y) o 5uils [6] ol
[7] din Ssliie s 8 03 00 o od 4 ax g
5 SO0 Sl Lt dlw lae i mhas ladly 6l
o i JlS osb 4 Wl el Sop slaals S5 ol it
Glaad 0L > S L cd (Ko Lisls S cpl S,
O s e Jealse (b ppl s S sl 515 s
53 0L s 0L 2 Gos 5 Ly slaad (o ol il
fos aki” U4 glabail 4 b ol 1pa 5l gole 5 Slo
a3l e 3l s el ol sl 3 e ST sm
ol Gt Gl MR 5w 5 05 e 25l W B OL
Yo Ysame Ol 4 158 3555 o sie s 1381 s Ok > Js
03l (50 55 b (62050815 3 STl i Ao ps 710 G
b J&s Ll S Olgea [ 0L Ol o 358 48



Ol 5 095" (5,50 340

T G 53y s 590 Ob = (3158 5 (555l SNl (5340 dnlllne

S 02 s i B Sy 4 SVl glady Sl
Loy d eedalin i Ohpw s Gl slady
Ly ool A5 Jsb o (5310 45 Laaly sl 4 oS fuaze
—lazs (Pseudo Bottom) (g3lome oS ba st Ol oo 4y Ol 0
e e 4 o 0L ol sla s s S S S s
5o Of 4 5358 g Jime S Szl 4 B ol 655
slaal = oo aale 0L > au S e iale 0L >
Gdx aw glanls 5 gla Sl L ol a5 55 (Recirculation)
s S5 eSS Ol g5 oml 02 eeen [24] AL
3555053 G 4 8l Sad e Mg aas a5 S 5 (Eddies)
O i G s (S e 0 Ol 5
G yne G 45 Ul e 503 eslizad Dl 5 dofh s s sla el Sl
NS b s gl s fanl sh 5 0L 2 Gl Gos
S s et Kl DI e el 5 e slaal
sl
osliul & s[5 4 Ansys cfx )\y\pj Shcadlae ol 5o
Sl eidie Lol o LT o s 0T 0113 sl
Sl oo ealinal S 5 e S 3 Ol ol
o B ey 6l s ke Jde 5l (Saasl Jde (g5leand
Volume of Fluid  Jics 51 0l - 15T lawr 5 158 = O 56 5
Sl el b 4 Jas ol iaul sai eslaul (VOF)
93 e S e S i C}a_“ sl &8 ool > (gileans
Slaodo by Wl o Jde ool sl sl > b (s Jlw
L) Ol sl 5 b go o2l 0L b 1gn bl tiile el
S8 ) oy pker 3 VOF s &S (g5laads YU &35
CU S oy ol il S ooy =) S e eslinal el
sdas QLIS oS 330 o a5 Slwles b o 6l 4l
S pdn s g, =Y el sk OTﬁjUﬁr’.’-"W
4 3Lees e S ala clw (95 o) s «(Interface Tracking)
SLaSSS 3 Vyame sy (ol 2580 abds oo S0
(Level Set) =k 55, (Re-meshing) sise gauas
Ss S aseio YW 23 Ly b3l o 50 B LS e eslizud
S e gl St b psle b 4 Sgs ol s Slles

Syh o Sl a

vY

sl an e asdllas ;s (VYY) 0L 5 G5,L5 . [12]
i Sl oslaal L jlsanm b s 5 mhacs (slady sla g
Sl 5 s ey (g0 S g .t turbulence k-g
s A s 4t e

VG /O slace s s 0L

S 5y s e A1 (6 g 5 Sas (6 1 BT s
Comed S 3 Shos (2 508 Ol 03 0505 4 Jlsad s>
i 3L aS a0 S sl Ll s ls e S e 4
[13] o505 52 s VU oo Lol o s 2y sla sy

L S o e s e Slez (YOT) O 5 50558
5 a1y (65,50 2l 5 pn LDt Ol s 5 L33 S pony
S s 53 55 3 jreS oS sls 0L ol b [14]
s Sz e 45 I 3 il okt salie 331 gladly L
S JelS et £ 4 Comd Slors Cue olaailin]

SLL sy ot Sladss widlS Jlo e b 5o
s SIS ol oS ol plail SISk bl I (555
3 e 17] P o S 16] OLLSea 5 ol o {15]
o 5 omlales 5 [19] 5215 Sols 5 sl (18] plilyla
ey VU Sl 63 st sllad s g oJlm ol bl s [20]
SLaclis 53 (553 (ol aslya b (boke SUE UL~
[21] el o axtls 5y S

e adin U LSl Gl Sl g 0L oSl
g Al e by JWEl (s bS5l S8 o se
wdin 5 2 3l b bsle ol (s el LSS 0L > 2
Copo o ol 0L omls sl s s [22] el Ladk
Sosibs Glran o S S Obe sy s s
Jize S Ol (655 s 4l 4 (slas 51 (Plunge Pool)
Ol oo Maol 5 O 2 658 g5 cnl 0 48 555 0
b b 0L gt el (sla o3 53 (28] e S o 53
Sy 4 Ol e OF 3L glaaasiin 5l 48 558 o sdalin Jli)
S G ey S ol o 0 5 Dl e i
Laauls S50 sloml 5 ooalgn g0 ahll ozl 3 1 40
O JSis 5 oledl sloay 5o 0L o x5 00
ol gl glaaly s (Air Cavity) |sa o i 395 5 (5 Fal

DL QL__:‘J> 6}_<.H cv__:_j‘) Cj_: O..:.‘iji.ib Q)L&‘L’ .J‘}AJ b)u‘



\f‘f dLIM s; b)loa:J an b)’é

R Ol et (qwiigs (sole alone

g glaad (ol Ll s b (Sales 5 pin o5

el 0

Sl pd g A -V -Y

ol 5o (gdm pLS 55 s a5 5l e
Slapm= ol 4 |y o aals o5 ol l (g3 Silwdde
S So ol bl Qadate i 3 S (g3luatenS g
Sas okl sl A0S (Lididi 55 55 bl askis (555 nle
o=l o3 as JSa s s lS e ool sl 86 lg Ol
L ot g ) sy 4 L1y Je a5 05a51 s 0 i
L gl o5 1 e 31 e s 03503 Lyl il slac sl
el Ol ol e Olse 4 cdls JL 1 YU ol Kas
Gl Ol Ss s o Kes  osdle S Sls ax 5 L
23 e Sl I3y 2V el B 0 1 e S s
5l el Cllas 5 a4 L b e 5l bl o0
(e wnaly (e (Gl 3 g0l 4 8 Jsle s sl Oy o
Olen U el oVl Solys Jlaw & el 2ys s Ll
DL e ol el L s 5l s e
02 8 oS1 5 et sla bl Lol S a5 L5 il
55 i | il bl

5 DUl s &S 5 e SO Sl s onl 03
sl 53 b e bl 5SS s e sl s yls sy HLAS
Jis BT 0le 5 sde SVslae o oSl 6l Jie blE
Olsms am dd ool b gis sl b ola e 51 el alS
S5 wdin Jue gl (g uaSid 5l a3 (Y) IS s e sl
RUS P U275\ ] LN PR Y gws

e DS oz Sl wels Loy (Sl Lyl 3 ol
50k sl ala 4 5 L ol i sl (S e
Ghls o acals g ioe dga 5 O (636 53 0Lz 5y
o &8 o aals 5l ise 5.l Waajlil 51 548U £55
5 Jb Ol sl 3ledie ol 4 a5 L als O O 3
slaals § 1S5 5 b SKuaal 5 caliiee SUslS ol i 52 s
oo a3l by (6350 5 B laad  Lob s s O

YO

O laaly slaas 5 4,5 Y278 (ol Gl S 5o s Je ) IS
Yo j\'

Fig. 1. Geometrical model of the stepped spillway for the slope of
26.6 degrees and the number of steps 5, 10 and 20
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Fig. 6. Specification of different boundary conditions
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Fig. 9. Air volume fraction contour in 5, 10 and 20-step spillway
with a flow rate of 0.063 m®/s at a slope of 26.6 degrees
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Fig. 13. Pressure distribution on the surfaces of the steps
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Abstract Review History
Nowadays, the seismic performance-based design of structures has been widely noticed by Received: Sep 28, 2024
the engineering community. So, different methods for performance-based design have been Revised: Dec 3, 2024
presented by different researchers. This attitude has been included in the design code and Accepted: Mar 11, 2025
regulations for seismic design of new buildings and retrofit of existing buildings. The FEMA P-

58 performance-based design method presented by the Pacific Earthquake Engineering Research  Keywords

(PEER) can quantify the consequences related to the seismic response of buildings. Therefore, [oss assessment

using this method, the seismic performance of buildings can be directly evaluated. In addition,  performance assessment
this performance-based design method can define simpler criteria such as repair cost, repair time,
and casualties for seismic evaluation and decision-making process. The method is based on
considering different sources of uncertainty in earthquake input and its intensity, structural
response, associated damage, and repair cost, using the concepts of conditional probability and
total probability theorem. In this method, the building is designed in such a way that it meets the
expected and predetermined performance level in a specific level of seismic excitation. Since the
performance levels of the building are determined based on the amount of damage caused to
structural and non-structural members, one of the practical and effective ways to evaluate
performance is to estimate the building repair cost. In the approach presented in FEMA P-58, the
repair cost is defined in a probabilistic approach, as the cost needed to restore the damaged parts
to their original state in the form of expected annual loss. In this research, first, three 4-, 12-, and
20-story office buildings with the lateral force resisting system of reinforced concrete special
moment frames were selected in a high seismic risk area. Then, the nonlinear model of structures
was provided in OpenSEES software. In order to reduce the computational cost and analysis
time, the single-bay Substitute Frame model was used to simplify the multi-bay reinforced
concrete moment frames. All four structures were subjected to Incremental Dynamic Analysis
(IDA) for 30 earthquake records. A probabilistic relationship between the spectral acceleration of
the earthquake and the main damage parameter (i.e. the inter-story drift), as well as the collapse
fragility curve, was obtained. Then, the repair cost including the cost of repairing structural
members as well as beams and columns, the cost of repairing non-structural members as well as
partition and curtain walls, and the cost of replacing collapsed structures was calculated as
expected annual loss. The results show that the repair costs at the Design-Based Earthquake
(DBE) for 4-, 12-, and 20-story buildings are 3%, 2.5%, and 10% of the building replacement
cost and at Maximum Credible Earthquake (MCE) are 22%, 23%, and 38% of the building
replacement cost, respectively. In addition, in short buildings, most of the cost is caused by
repairing structural and non-structural members, and in tall buildings, most of the cost is caused
by replacing collapsed or severely damaged structures. Considering two nonstructural elements
(i.e. partition and curtain walls) in repair cost, the analysis results show that the cost of repairing
structural elements is more than the cost of repairing non-structural elements.

Reinforced Concrete
Moment Frame

Repair cost
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Table 1. First four natural periods of original and substitute frame for the investigated buildings

4-story 12-story 20-story
Modeno. —=ueF SF CMRF SF_CMRF _ SF
1 0848 0830 1978 1953 2329 2323
2 0272 0270 0663 0688 079 0.789
3 0146 0145 0384 0398 0.458 0.453
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Element Dg{r;lge IDI,s  Bps Sub damage
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SDS3  0.05 03  SDS3,(80%)
: : SDS3, (20%)
PDS1 0.005 0.4 -
Partition PDS2 0.01 0.3 -
PDS3 0.021 0.2 -
Curtain CDS1 0.027 0.3 -
wall CDS2 0.0276 0.3 -
CDS3 0.303 0.3 -
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Abstract Review History
Climate change has become one of humanity's greatest challenges. Rising temperatures, Received: Oct 31, 2024
weather fluctuations, and especially changes in precipitation and wind patterns have profound Revised: Jan 25, 2025
impacts on infrastructure and urban structures. These changes not only increase the risk of natural Accepted: Mar 11, 2025
disasters but also affect the design and construction of buildings. Therefore, the development of

innovative solutions to enhance the seismic performance and resilience of these buildings, Keywords

especially in regions susceptible to climate change, is crucial. This study examines the climate change conditions
performance of an 8-story steel structure with geometric irregularity in its plan against the effects  gtr;ctural control

of climate change, focusing on wind loading under three different wind speed increase scenarios
including:1-low 2-moderate, and 3-severe. To mitigate the negative effects of these changes on
the seismic performance of the structure, magnetorheological damper was employed. The entire
floor slabs of the structure were considered rigid. The modified Bouc-Wen method was used to
indicate damper behavior in dynamic equations of the structure and two control scenarios
including passive control and active control were considered. NatHaz online wind simulator data
base was used for modeling wind loading on structure and the Simulink environment of
MATLAB was used to model the structure equipped with a magnetorheological damper under
wind loading.

The results indicated that a slight increase in wind speed led to an average increase of 35%,
while a moderate increase resulted in over 60%, and a severe increase in wind speed caused more
than a 100% rise in maximum displacement, drift, and base shear responses of structure. By
adding magnetorheological damper to improve the negative effects of increased wind speed on
the seismic performance of the structure, the damper was able to reduce the maximum
displacement, drift, and base shear of the floor where it was installed by 14%, 32%, and 38%
respectively in scenario (1), by 16%, 40%, and 32% respectively in scenario (2), and by 8%,
28%, and 29% respectively in scenario (3). This indicates that the damper effectively controlled
the response of the floor it is installed on and was able to mitigate the negative effects of climate
change. Furthermore, this damper not only positively affected the floor it was installed on but
also improved the seismic response of the roof level, maintaining its effectiveness across all three
climate change scenarios. Additionally, the results indicated that the damper performs better in
active control mode compared to passive mode. However, the parameters related to maximum
acceleration of the floor indicates a significant increase in the active control scenario, while in the
passive control scenario, no significant changes were observed. The best results were achieved in
the low and moderate wind speed increase scenarios. Although in the severe wind speed increase
scenario, the damper maintained its effective performance. In conclusion, it can be said that the
force generated by the magnetorheological damper has intelligent adjustability, which can change
based on environmental conditions and loading. This feature allows structures to respond more
quickly to sudden environmental changes and provides greater safety against damage caused by
climatic conditions as well as enhancing the resilience of structures against adverse weather
conditions.
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Table 2. Sectional properties of columns of structure [30]

column floor
Box 450x25  1-3
Box 340x20  4-6
Box 280x15 7,8
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Fig. 8. Wind load time history in four climate change scenarios: a) on the 7th floor of the structure model b) on the roof of the structure

model (pink plot presents without the effect of climate change scenario, green plot presents climate change scenario 1, blue plot presents
climate change scenario 2 and red plot presents climate change scenario 3)
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Table 4. Peak response of structure before the effect of climate change and after the effects of climate change in 3 scenarios and percent of
increase in peak response of structure

(3) st (2) 2,k (1) syt
oy g fless A pA Floss de W flosd pi SOk b &b
o=l r,l.§| o=l v:l§| o=l (._:LSI (._:LSI
101% 0.0090 52% 0.0068 37% 0.0062 0.0045 7 X
104% 0.0099 54% 0.0075 36% 0.0066 0.0049 8 (m)
100% 0.0002 56% 0.0002 32% 1.30E-04 9.81E-05 7 0
102% 2.23E-04 57% 1.74E-04 33% 1.48E-04 1.11E-04 8 (rad)
115% 1.0787 30% 0.6525 32% 0.6609 0.5006 7 b'e
180% 1.3888 87% 0.9263 18% 0.5848 0.4962 8 (m/s?)
110% 0.0402 2% 0.0329 42% 0.0271 0.0191 7 4]
122% 0.0515 73% 0.0401 39% 0.0321 0.0232 8 (rad/s?)
111% 0.0020 64% 0.0016 41% 0.0014 0.0010 7 Ax
124% 1.03E-03 81% 8.34E-04 27% 5.82E-04 4.60E-04 8 (m)
120% 5.54E-05 64% 4.11E-05 34% 3.37E-05 2.51E-05 7 AB
130% 3.16E-05 63% 2.24E-05 34% 1.85E-05 1.37E-05 8 (rad)
116% 2.90E+05 65% 2.23E+05 29% 1.73E+05 1.35E+05 7 \'
112% 3.62E+05 64% 2.80E+05 56% 2.65E+05 1.70E+05 8 (N)
a) Gtennrio{]] b) Scenario(2) c) Scenar] u..un
} _ th Floor [ Roof Tth Floor _K.I

L6

\H
Laf 75
121 5
1t 125
Sost S
2 2
06} 075
04 5
2 025
o

0

I\\J\

¥ b €5 Y sl (00 sl @ el i ol a3 sl il b Gartls slaslssed 4 K2

lvd\

\IHJ ex

Fig. 9. Structure criteria indicators charts in 3 scenario of climate change: a) scenario 1, b) scenario 2 and c) scenario 3
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Fig. 11. Criteria indicators diagram for climate change scenarios on the: a) 7th floor b) roof of the building. (light blue plot indicates value of
the indicators in climate change scenario 1 passive control state, orange plot presents climate change scenario 1 active control state, gray plot

presents climate change scenario 2 passive control state, yellow plot presents climate change scenario 2 active control state, dark blue plot
presents climate change scenario 3 passive control state and green plot presents climate change scenario 3 active control state.)
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Fig. 12. Response values charts for the seventh floor and the roof of the structure in three states: 1- uncontrolled, 2- passive control, and 3-
active control under three climate change scenarios: a-a) Seventh floor displacement in the x direction, a-b) Roof displacement in the x
direction, b-a) Seventh floor rotation, b-b) Roof rotation, c-a) Seventh floor acceleration in the x direction, c-b) Roof acceleration in the x

direction, d-a) Seventh floor rotational acceleration, d-b) Roof rotational acceleration, e-a) Seventh floor drift in the x direction, e-b) Roof
drift in the x direction, f-a) Seventh floor rotational drift, f-b) Roof rotational drift, g-a) Seventh floor base shear, and e-b) Roof base shear
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control.
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Abstract Review History
Concrete slabs subjected to near-field explosion loading often fail in a brittle manner. Received: Oct 26, 2024
Common failure types include spalling and scabbing. Brittle failure leads to an inflexible and  Revised: Jan 1, 2025
brittle structural response, producing small and large fragments that can be extremely dangerous Accepted: Mar 11, 2025
due to their high velocities. Therefore, designing concrete slabs for explosive loading requires

methods that either prevent or mitigate brittle failures or transform them into ductile failures. Keywords
This study validates numerical models using LS-DYNA finite element software and compares concrete slab
them with reputable research. Simulations of concrete slabs were conducted using conventional  prittle failure
methods, reinforced concrete slabs with steel plates, reinforced concrete slabs with wire mesh,
and ultra-high-performance concrete (UHPC) slabs. The analysis of five slab types under similar
explosion loading reveals that UHPC slabs exhibit less deflection and damage compared to other
types, while conventional concrete slabs experience greater deflection and damage. The optimal
reduction in damage for reinforced concrete slabs occurs when a steel plate measuring 2 by 4.2
meters and 0.5 centimeters thick is applied to the backside. Additionally, using wire mesh
dimensions 25% larger than the initial slab damage yields the best performance. A comparative
analysis of explosion-induced damage across different slab types indicates that reinforced
concrete slabs with a 0.5-centimeter thick steel plate exhibit the largest damage area (8m?);
whereas UHPC slabs show no damage, resulting in the smallest damage area. Further
investigations into the dynamic response of these slabs demonstrate that advanced materials and
reinforcement techniques significantly enhance their resilience against explosive forces. This
study emphasizes the importance of innovative design strategies in civil engineering, highlighting
that the adoption of UHPC slab minimizes structural damage and improves safety in high-risk
environments. These findings underscore the necessity of incorporating modern materials and
methodologies in protective structure design, ensuring better performance and longevity under
extreme loading conditions. A comparative analysis of various methods for strengthening
concrete slabs using identical materials shows that UHPC slabs outperform others in reducing
deflection and failure. This illustrates their exceptional ability to withstand explosive dynamic
loads. However, the primary limitation of UHPC slabs is their high cost and complexity of
implementation. Reinforcement with steel sheets has proven more effective than wire mesh in
minimizing deflection. In models reinforced with 0.5 cm steel sheets, deflection was reduced by
50% compared to conventional concrete slabs. The slabs reinforced with wire mesh demonstrated
a significant decrease in failure rates compared to conventional slabs, with reductions ranging
from 75% to 80% across various reinforcement methods using the same materials. Conversely,
some models reinforced with steel sheets exhibited increased failure rates. The findings indicate
that, in most cases, slabs with greater flexibility, such as those reinforced with wire mesh,
sustained less damage. This can be attributed to the enhanced flexibility and ductility of wire
mesh-reinforced slabs compared to those reinforced with steel sheets.
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Table 1: Specifications of slab and explosive material

. Support
length  width conditions

The weight
of the explosive  material to the surface of the slab

The distance of the explosive
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Table 2: Compare of experimental and proposed numerical model
damage

Simulation failure  Laboratory failure

upper face 20 22
lower face 35 33
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Fig. 1. Comparison of the failure of lower face in the experimental
model [18] and the proposed numerical model
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Fig. 3. Failure of the upper surface of the specimen. (a):
Simulation from reference [19], (b): Proposed model of this study.
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Fig. 4. Failure of the bottom surface of the specimen. (a):
Simulation from reference [19], (b): Proposed model of this
research.
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Table 3. Specifications conventional reinforced concrete slab

Shear  Transverse  Longitudinal f f p slab concrete
bar bending bar  bending bar U y ¢ thickness cover
@13  P1L3@310mm  $13@101lmm 620 mpa 455mpa  27.6mpa 230 mm 38 mm
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Table 4. Specifications of lacing reinforced concrete slab
Transverse  Longitudinal f i slab concrete
bending bar  bending bar u y ¢ thickness cover
$3@102mm  $3@303mm 650 mpa 455 mpa  27.6mpa 381 mm 38 mm
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Fig. 6. The state of (a) the upper face and (b) the lower face of the
ordinary slab after the explosion
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Table 5. The damage amount of reinforced concrete slabs with steel wire mesh
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Table 6. Comparison of the lowest damage of each method

Damage area (m?) Figure
slab type front side  back side Front side Back side

conventional slab 0.07 3.8

Lacing slab 0.8 21

Use of steel sheet 0.09 0.85

Use of steel wire mesh 0 0.6
High performance concrete 0 0 - -
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Table 7. Comparison of the deflection and damage amount of various strengthed slab models with the same materials

Strengthed method

Description

Volume of materials (m®)  Deflection Damage area

Steel Concrete (cm) (m%
Conventional slab Without use of additional strength method 0.1 5.41 18.6 3.87
Use of steel sheet Sheet 1 cm - front side - dimensions 1.6 x 3.3 (m?) 0.11 5.41 19 4
Use of steel sheet Sheet 1 cm - back side - dimensions 1.6 x 3.3 (m?) 0.11 5.41 16.6 1.2
Use of steel sheet Sheet 1 cm - both sides - dimensions 1.2 x 2.5 (m?) 0.12 5.41 175 5.11
Use of steel sheet Sheet 0.5 cm - front side - dimensions 2 x 4.2 (m?) 0.1 5.41 10 8
Use of steel sheet Sheet 0.5 cm - back side - dimensions 2 x 4.2 (m?) 0.1 5.41 9.3 0.93
Use of seel wire mesh ~ Wire 0.5 mm - 10 layers - dimensions 0.8 x 1.7 (m?) 0.1 5.41 24.9 0.96
Use of seel wire mesh ~ Wire 0.5 mm - 10 layers - dimensions 1.2 x 2.5 (m?) 0.1 5.41 24.8 0.94
Use of seel wire mesh ~ Wire 1.5 mm - 15 layers - dimensions 2.4 x 5 (m?) 0.11 5.41 20 0.74
Use of seel wire mesh  Wire 1.5 mm - 20 layers - dimensions 2.4 x 5 (m?) 0.12 5.42 19 0.73
High performance slab The thickness of the slab is 23 cm 0 5.52 4.7 0
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Abstract Review History

The behavior of a saturated porous media depends on the interaction of its various components, Received: Dec 28, 2024
primarily the solid and liquid phases. This interaction is effectively described by Poroelastic theory, which  pavised: Jan 22. 2025
integrates the mechanics of solid deformation with fluid flow within the porous structure. In the current '
study, the governing equations are derived from a simplified version of Biot's theory, as introduced by ~Accepted: Jul 19, 2025

Zienkiewicz. This formulation employs two primary variables: the displacement of the solid phase and the
pore fluid pressure. The medium under investigation is modeled as a heterogeneous porous half-space
saturated with an inviscid fluid, with its permeability varying exponentially with depth. Such a configuration
is subjected to axisymmetric loading conditions, making it a suitable case for analyzing the dynamic Isotropic Heterogeneous
responses of porous media with spatially varying material properties. The heterogeneity of the medium with  Poroelastodynamics
depth leads to the addition of new terms to the governing equations. These equations are derived for a  potential Function
heterogeneous isotropic medium with depth-dependent permeability in cylindrical coordinates, under
axisymmetric conditions. The obtained mathematical equations involve coupled differential equations that
are not easily solvable. In this study, a scalar potential function is introduced to solve these equations, and
by applying it to the complex and coupled governing equations, a decoupled partial differential equation is
obtained. Solving this equation allows for the determination of the unknowns in the problem. This partial
differential equation can be solved in the frequency domain using the Hankel transform under axisymmetric
conditions. The transformed equations in the Hankel-frequency domain, after being solved using the
potential function, are returned to the real domain through the inverse Hankel transform. In this way, the
harmonic response of the system can be computed. Due to the necessity of using the inverse Hankel
transform, the responses are presented as complex, semi-infinite integrals, which require numerical methods
for evaluation due to the presence of poles and branch points along the integration path. These integrals
have been computed using the Method of Residues. Three distinct permeability variation indices are utilized
to quantify the heterogeneity of the medium. These indices provide insights into how changes in
permeability influence the mechanical and hydraulic responses of the porous medium. The results show that
as permeability decreases with depth, the range of displacements in the medium becomes limited. At the
excitation frequency of w, = 0.5, the damping of responses relative to a homogeneous medium increases
with distance from the loading location. At w, = 2, the vertical displacement of both homogeneous and
heterogeneous media converges approximately for z/a > 4. Additionally, the results indicate that the
location of the maximum pore fluid pressure shifts closer to the half-space surface in a heterogeneous
medium compared to a homogeneous one. For instance, in a homogeneous medium, the maximum pore
fluid pressure occurs at a depth of z/a = 1.7, while in a medium with a permeability parameter of §, =
—0.5, it occurs at z/a = 0.8. This shift indicates that heterogeneity influences the depth distribution of fluid
pressure, potentially affecting the medium’s overall stability and fluid flow patterns. The implications of
these findings extend to various engineering and geophysical applications, including reservoir engineering,
groundwater hydrology, and the design of foundations in porous media. Understanding how permeability
variations affect the mechanical and hydraulic behavior of saturated porous media is crucial for predicting
and mitigating risks associated with dynamic loading conditions. This study contributes to the broader
understanding of poroelastic phenomena in heterogeneous systems and provides a foundation for future
investigations into more complex geometries and material behaviors.
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Fig. 1. The schematic representation of a saturated porous medium
with heterogeneous permeability
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Table. 1 Equivalent Parameters from Reference [16] in the
Present Study under Specific Conditions
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Table.2. Properties of the isotropic elastic materials used in [26]
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Fig. 2. Vertical displacement of a single-phase elastic medium,

;(r, z = 0), along the r-axis under uniform vertical loading on a
circular surface with radius a at excitation frequency wo = 0.5
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Fig. 3. Vertical displacement of a homogeneous and heterogeneous porous medium saturated with an inviscid pore fluid, %i,(r = 0, z),
Along the z-axis subjected uniform vertical loading on a circular surface with radius a at excitation frequency wq = 0.5 at three permeability
indices §,, = —0.1,—0.25,—0.5. (a) Real part (b) Imaginary part
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Fig. 4. Vertical displacement of a homogeneous and heterogeneous porous medium saturated with an inviscid pore fluid, #i,(r = 0, z),
Along the z-axis subjected uniform vertical loading on a circular surface with radius a at excitation frequency wo = 2 at three permeability
indices §,, = —0.1,—0.25,—0.5. (a) Real part (b) Imaginary part
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Fig. 5. Pore fluid pressure in a homogeneous and heterogeneous porous medium saturated with an inviscid pore fluid, p(r = 0, z), Along the
z-axis subjected uniform vertical loading on a circular surface with radius a at excitation frequency wo = 0.5 at three permeability indices
8, =—0.1,—0.25,—0.5. (a) Real part (b) Imaginary part
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Fig. 6. Pore fluid pressure in a homogeneous and heterogeneous porous medium saturated with an inviscid pore fluid, p(r = 0, z), Along the
z-axis subjected uniform vertical loading on a circular surface with radius a at excitation frequency w, = 2 at three permeability indices
6, =—0.1,-0.25,—-0.5. (a) Real part (b) Imaginary part
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Table. 3. Properties of materials used for deriving the response of
a heterogeneous saturated porous medium [16]

K(N/m?)  4.32%10°
G(N/m?) 3 x 10°
K,(N/m?) 35X 10°
K;(N/m?) 225 x10°
ps(kg/m3) 2600
prlkg/m?) 1000
17 0.2
k(m?) 10713
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Table. 4. Material properties used for sensitivity analysis of the
response of a heterogeneous porous medium saturated with an
inviscid pore fluid

Medium1l Medium2 Medium 3
K(N/m?) 432x10° 25x10° 6 X 10°
G(N/m?) 3 x10° 2 X 10° 2 X 10°
K,(N/m?) 35 x 10° 20 X 10° 40 x 10°

—<— Re - Medium 1
—&— Re - Medium 2
8 —b— Re - Medium 3 1
\ === Im- Medium 1, Medium 2, Medium 3
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Fig. 7. Real and imaginary parts of the vertical displacement,
i,(r = 0,2), in the z-direction for a heterogeneous porous
medium saturated with an inviscid pore fluid, subjected uniform
vertical loading on a circular surface with radius a at excitation
frequency wy = 0.5 and heterogeneity parameter §,, = —0.25 for
three media with material properties listed in Table. 4
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Fig. 8. Vertical displacement, @i, (r = 0, z), in the z-direction for a heterogeneous porous medium saturated with an inviscid pore fluid,
subjected uniform vertical loading on a circular surface with radius a at excitation frequency woy = 2 and heterogeneity parameter &, =
—0.25 for three media with material properties listed in Table. 4. (a) Real part (b) Imaginary part
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Table. 5. Location of the maximum pore fluid pressure in a homogeneous and heterogeneous saturated porous medium under uniform
vertical loading with non-dimensional excitation frequency wqy = 2

8¢ |Pmaxl(Real)  |Pmaxl(Imaginary) |pmal = preaﬁp%magmary

0 z/a=0.8
-0.1 z/a=0.7
-0.25 z/a = 0.6

z/a=2
z/fa=18
z/a=15

z/fa=17
z/a=12
z/a=1
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Abstract

Deep reinforced concrete beams are very important structural elements that are used in
concrete structures such as high-rise buildings, marine structures, silos, and etc. Because of the
importance of these elements, they sometimes need to be strengthened. One common method of
strengthening reinforced concrete structures is the use of carbon polymer sheets (CFRP). In
recent decades, little research has been done to investigate the effect of various variables
affecting the behavior of concrete deep beam, strengthened using polymers reinforced with single
or multi-directional fibers. The valuable features of composite materials such as simple and fast
installation and corrosion resistance have led to the increasing use of these materials. It is
possible to strengthen the reinforced concrete deep beams by gluing FRP plates or strips in a full-
cross-section, gluing in a U shape or mounting on the sides of the beam at different angles to the
longitudinal axis. Laboratory and analytical results prove that the external installation method,
EBR, can be used as an acceptable solution in strengthening the shear of reinforced concrete
members. Other methods such as installation Near the Surface Method (NSM) or methods that
prevent them from separating from the concrete surface by inhibiting Composite tape can be used
as an EBR alternative method that delays separation. Despite extensive research on strengthening
and strengthening conventional reinforced concrete beams with FRP sheets, little research has
been done on deep concrete beams. As we know, many parameters affect the NSM and EBR
method. The lack of research in this field has caused these methods and details to be narrowly
stated in the statutes.

One of the problems with using polymer sheets is their separation when loading a prototype.
Therefore, this article attempts to use near-surface mounting methods (NSM) to strengthen such
beams. This method plays a significant role in reducing the separation of reinforcement sheets.
By reducing the effect of early detachment of polymer sheets, increasing the load capacity,
increasing the formability and maximizing the use of the material capacity can be expected. Six
deep reinforced concrete beams with a span-to-height ratio of 2, 3 and 4 are laboratory-loaded
and reinforced by the NSM-EBR method using CFRP and their shear behavior is investigated.
Given that the desired failure in deep beams is of the shear type, the NSM reinforcement grooves
are installed perpendicular to the direction of the main diagonal cracks and reinforced with
carbon polymer fibers. By strengthening the beam in shear using the EBR-NSM method, the type
of beam failure did not change, but the number of cracks and tensile bands increased, which
caused increase the load-bearing capacity of the beams. In the failure modes, it was observed that
no delamination and slippage in the EBR-NSM strengthening system. Due to the presence of the
adhesive at a greater depth of the beam, there is no slippage and delamination in the CFRP fibers
within the tested specimen. This system has high reliability in terms of stability against slippage.
The results showed the shear capacity of the deep beams increase by implementing this approach.
Based on the results, it can be concluded that the amount of beam shear load capacity in samples

with a span ratio of 2, 3 and 4 increased by 30%, 19% and 12.5% respectively.
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Table 1. The sample’s properties

Shear Rein Bars CFRP’s details (L/h) Length to height ratio  sample name
horizontal vertical up down Number of grooves  Width (mm)
- - 2 C1
- - 3 c2
- - 4 C3
P6@75mm  Q6@75mm 1012 1020
3 30 5 C1-NSM-EBR
3 30 6 C2-NSM-EBR
5 30 7 C3-NSM-EBR
R B b s Dlasia Y Jyus
Table 2. The material properties and concrete mixing plan
Water Cement Fine Aggregate Coarse Aggregate Admixture Concrete strength
Concrete properties (kg/m3) (kg/m3) (kg/m3) (kg/m3) (9/m3) (MPa)
11 27 100 70 68 30
Reinforcement Yield Strength (MPa) Ultimate Strength (MPa)
b6 445 445
Steel
d12 388 388
20 630 630
CERP Tensile Strength (MPa) Elastic Modulus (GPa) Thickness (mm)
4950 240 0.01

Vo0
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Table 3. Results for samples with and without shear strengthening

Stiff Ultimat Yield Max Length to
Failure ITIness Ductility imate Disp Load  Strengthening  height ratio Sample
Type (KN/mm) factor (mm) Disp (mm) (KN) method wih) name
Shear 30.08 1.47 5.42 3.69 111 - 2 C1
Shear 13.57 1.55 8.66 5.60 77 - 3 Cc2
flexural 6.63 1.88 19.84 10.56 70 - 4 C3
Shear 46.95 1.63 5.33 3.28 154 NSM-EBR 2 C1-NSM-EBR
Shear 20.04 1.47 6.99 4.74 95 NSM-EBR 3 C2-NSM-EBR
C3-NSM-EBR
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