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Abstract

The effective design of structures resistant to seismic vibrations is one of the main concerns
of structural engineers to deal with damages caused by earthquakes, which can withstand more
earthquake forces with methods such as energy dissipation. Recent earthquake records show that
the earthquake record characteristic of the near area differs from the earthquake records of the far
area. Among these characteristics, it can be mentioned that the pulse-type state of these records,
as well as the high maximum speed and ground displacements. For this reason, these types of
records increase the seismic requirements of the structure compared to normal earthquakes. The
map of faults and seismic zoning of Iran shows that important urban points such as Tehran,
Tabriz, etc. have high seismicity and are located near the fault. Therefore, it is necessary to
design and build structures that can properly withstand the features of near-fault earthquakes, this
issue reveals the understanding and recognition of the behavior of structural systems and the
structure's response to the special features of near-fault earthquakes. This article first investigated
the seismic evaluation of three existing 4, 8, and 12-story steel structures with lateral load-
resisting systems. Then the desired structure was strengthened using a friction damper, and
finally, the acceleration recorder was applied to the structure in the near- and far-fault earthquake
zone case study. The seismic demand of the retrofitted structure was investigated in ANSYS
Workbench finite element software, which was done in the form of modal analysis, floor drift
displacement, structure acceleration response, and von Mises stress. For seismic validation, a
two-story, single-span steel frame has been used. The dynamic load used was 0.5g based on the
north-south component of the El Centro earthquake (1940) with a maximum acceleration scaled
to 50 cm/s. To validate the numerical results, the horizontal displacement of two points on the
first and second floor was compared with experimental data, and an acceptable accuracy was
obtained. The results of the maximum acceleration at the highest point of the building showed
that in a far-fault earthquake zone, the best effect of dampers was on 8-story buildings with a
77% decrease, and in a near-fault earthquake zone, it was related to a 4-story building with a
66.4% decrease in acceleration. Stress in near- and far-fault earthquake zones, the best effect of
dampers was on 4-story buildings with 83% and 84% reduction, respectively. In a far-fault
earthquake zone, the best effect of dampers was on 8-story buildings with a 44% reduction in
maximum displacement, and in a near-fault earthquake zone, it was related to a 4-story building
with a 61% reduction in acceleration.
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Table 1. Column, beam and brace dimensions (Unit: mm)

Beam Brace Column Story level
(bf * hw * tf * tw) (bb * tb) Y
110*200*10*8 80*8 C400-8 1-2
4 Story
100*200*8*6 60*6 C350-8 3-4
140*300*12*8 120*12 C450-12 1-2
140*300*10*8 100*10 C450-10 3-4
8-Story
120*240*10*8 80*8 C350-8 5-6
100*200*8*6 80*8 C300-8 7-8
170*360*12*10 160*14  C550-12 1-3
160*340*12*10 140*12 C500-12 4-6
150*320*12*8 120*12 C450-12 7-8  12-Story
120*260*10*8 100*10 C350-12 9-10
100*220*10*6 80*8 C300-10 11-12
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Fig. 3. Morgan Hill earthquake record 1994.
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Table 2. Effect of damper on natural frequency of 4- 8- and 12-

(4.45 Hz)
Mode 5

story building
12 Story 8 Story 4 Story
with  Without  with  Without with  Without Mode
FD FD FD FD FD FD No.
0.708  0.629 0.89 0.824 1.989 1.477 1
0729 0629 0919 0.824 1.989 1.477 2
1.09 0.736 1.27 0.95 2.95 1.689 3
2.127 1.72 2.77 2.26 5.79 4.45 4
2.154 1.72 2.79 2.26 5.79 4.45 5
3.128 1.98 3.96 2.6 8.28 5.16 6
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Table 3. The percentage of the maximum reduction of the studied

parameters
. Equivalent - Shear
Acceleration Stress Deformation Force
Damping Percent Cases
58% 83% 30% 32% 4S-Far
66% 84% 40% 61% 4S- Near
7% 62% 44% 57% 8S-Far
40% 27% 25% 28% 8S-Near
31% 20% 18% 23% 12S-Far
27% 27% 17% 25% 12S-Near
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Abstract

Soil stabilization techniques have traditionally relied on cement or lime, yet there remains a
significant knowledge gap regarding the mechanical behavior of soil treated with innovative
materials. Addressing this gap, this study delves into the mechanical properties of soil stabilized
with polyurethane (PU) foam, nano-silica, and basalt fiber. Through rigorous experimentation,
unconfined compressive strength (UCS) and direct shear tests were conducted on reconstituted
silica and calcareous samples, each treated with various combinations of these additives. A
comprehensive examination of parameters such as additive content and curing time was
undertaken to elucidate their effects. The results unveiled a noteworthy enhancement in UCS and
shear strength parameters (cohesion and friction angle) with the incorporation of PU foam, nano-
silica, or their amalgamation with fiber. Particularly striking was the superior performance
observed with the combination of PU and basalt fiber, showcasing remarkable improvements in
the mechanical behavior of both silica and calcareous sand, especially when considering shorter
curing times. The synergistic effects of PU and basalt fiber proved instrumental in fortifying the
soil's structural integrity against environmental challenges. Furthermore, it was consistently
observed that calcareous samples exhibited elevated UCS, and shear strength values compared to
their silica counterparts. This discrepancy underscores the inherent differences in mechanical
behavior between these two types of sand, highlighting the need for tailored stabilization
approaches. Moreover, the investigation delved into the failure patterns and microstructural
changes within the stabilized samples, employing Scanning Electron Microscopy (SEM) for
detailed analysis. This microscopic examination offered valuable insights into the efficacy of the
stabilizing agents and their impact on the soil's mechanical properties. For instance, SEM
imaging revealed significant bonding in fiber-reinforced samples, indicating enhanced load
transfer mechanisms. Similarly, the presence of clusters of nano-silica particles adhering to sand
particles showcased an improved cohesion within the stabilized soil. PU-stabilized samples, on
the other hand, exhibited a cohesive layer enveloping sand particle, thereby enhancing
interparticle connectivity and overall stability. The superior performance of PU over nano-silica
was underscored by its ability to create a more cohesive matrix and foster stronger interparticle
bonds, as evidenced by the SEM analysis. In conclusion, this study sheds light on the potential of
innovative stabilization materials such as PU foam, nano-silica, and basalt fiber in bolstering the
mechanical properties of soil. The findings not only offer valuable insights into the efficacy of
these additives but also pave the way for the development of tailored soil stabilization techniques
geared towards enhancing infrastructure resilience and sustainability.
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Table 1. Summary of physical characteristics of silica and
calcareous sands

Soil type

(Usgg) G Oopt  €max  Cmin
Silica Sand SP 2.66 8 0.83 0.61
Ca'scgrrfjo“s sP 267 65 142 0.90

L S SO 5 (S sl S Y o
Table 2. Physical and mechanical characteristics of basalt fiber

Characteristics Results
Color Golden brown
Cut Length (mm) 12
Diameter of fiber (um) 16
Density (g/cm3) 2.62
Fracture strength (MPa) 2150
Elastic modulus (GPa) 98
Tensile strength (MPa) 3000
Water absorption (%) 0.1

(EAIEERE S SO JUPRES
Table 3. Physical properties of nano-silica

Characteristics Results
Color White
Form Amorphous
Nano type Silicon oxide (SiOy)
Purity (%) 99
Particle Size (nm) 20-30
Specific Surface Area (m%/g) 190-220

Free water content Less than 3%

OBLIk (Sep sla Shs ¥ ol
Table 4. Technical properties of PU foam

Characteristics Results

Application
temperature
Foam expansion

25° C; curing below 50° C not possible

Approx. 100%-200%
At 20°C and high humidity: ~1cm/h;
at low humidity and 20°C: ~0.5cm/h;
at high humidity and 50°C: ~0.5cm/h;
loses adherence after 10-20 minutes

Curing time

Cell structure after

. Closed cell
curing
Tem_perature -40°C t0 100°C
resistance
Heat conductivity Approx. 0.04 W/mK
Density (DIN
53420) 23 g/ml
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Abstract Review History

The use of shotcrete is increasing rapidly. Due to the advancements in equipment and additives Received: Apr 16, 2024
in the construction industry, there is an excellent need for high-strength shotcrete. Using high-  Revised: Jul 11, 2024
strength fiber-reinforced shotcrete for slope stabilization, masonry and concrete structures, and Accepted: Nov 20, 2024
underground structures improves quality and adhesion and increases work speed. Also, with ' :

increasing strength and consequently reducing the dimensions of sections, designs become more ~<eywords
economical. In this research, using different mix designs, the effects of aggregate gradation and Shotcrete
additives such as micro silica, superplasticizer, retarder, and micro recycled steel fibers on the Absorbing energy
strength and performance of shotcrete in laboratory and field conditions by two methods of wet and  Steel fibers

dry spraying were investigated. Based on the results, achieving high-strength shotcrete in the wet Flexural toughness
spraying method is more feasible, and a 28-day compressive strength of 987 kg/cm? was obtained in .

wet fiber-reinforced shotcrete. Compressive strength and energy absorption increased by 80% and High-strength
77%, respectively, compared to conventional wet fiber-reinforced shotcrete. Also, based on the Accelerator
toughness tests, the use of micro-recycled steel fibers has been effective in preventing the spread of

micro cracks and controlling deformations, and in high-strength shotcrete, it has led to an increase

in compressive strength and energy absorption of 28% and 97%, respectively, compared to the

same design without using fibers. Mix designs WHSSH-0% and WHSFSH-0% showed that using

1% by volume of recycled microfibers improves compressive strength by 28%. On the other hand,

in the final mix design, different percentages of accelerators were used to make it possible to

execute thick layers and spray to varying angles without excessive rebound. The results showed that

using accelerators reduces compressive strength by an average of 25% and reduces the compressive

strength growth rate by 80% up to 28 days of age. Also, based on the results, with the improvement

of strength in the mix designs for wet and dry shotcrete, in addition to a significant increase in the

maximum load in the flexural test, the slip of fibers during cracking is reduced, and some of the

fibers are broken during deformation. By using 1% by volume of micro recycled steel fibers in all
fiber-reinforced designs, the service level is met based on the required energy absorption (60-100

joules). In the high-strength fiber-reinforced shotcrete design (WHSFSH-0%), a 75% increase in

energy absorption compared to conventional fiber-reinforced shotcrete (WNFSH) indicates better

performance of high-strength fiber-reinforced shotcrete, especially wet high-strength shotcrete, in

terms of maximum bearable load before cracking and continued load-bearing capacity after

cracking at the service level. Based on the results of energy absorption at the ultimate performance

level (at a central displacement of 40 mm), the use of 1% by volume of micro-recycled steel fibers

increased energy absorption by (77, 74, 66 and 65) %, respectively, in the designs (WHSFSH-1%,
WHSFSH-0% WHSFSH-3%, WHSFSH-2%) compared to the WNFSH design. Also, in all the mix

designs, the minimum energy absorption of 360-400 joules at a displacement of 40 mm, which is

suitable for permanent and temporary support in most ground conditions, is met.
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Table 1. Chemical properties of micro silica

Si0, a0 P 10l pH
90-95 0.5-1 0.04-0.06 1.5-25 8-95
N Alz 03 MgO Kz 0
0.04-0.08 0.6-1.2 0.6-1.2 0.4-0.8
Fez 03 Cl Cc Naz 0
1.2-1.8 0.04-0.07 0.8-2 0.3-0.6
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Table 2. Physical properties of fibers

Micro recycled Length Average aspect Tensile strength

steel fibers (mm) ratio MPa
10-30 95 2100
35 B3k Y S K
Fig. 1. Micro recycled steel fibers
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Table 3. Physical properties of aggregates

Specific weight
Fineness  Sand equivalent bulk apparent  Saturated-surface dry (G, Absorbed water
modulus (%) @gr; o @y LV (%)
cm? cm3 cm?3
3.48 94 2.66 2.73 2.68 1.04 Seram
3.21 91 2.57 2.62 2.59 0.81 Anakhaton
3.97 86 2.59 2.87 2.69 1.67 Qare kahriz
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Fig. 3. Cement setting with the percentage of accelerator used
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Table 4. Mix details for examined shotcrete sets.

accelerator” Fiber super water Micro Cement sand Mixing plan Spray
plasticizer silica type
SPy W sF K
ACC(%C)  F(%volume) ((CO/J)r SF) I SF /@) CKg) s("9 /i)
0
4 - - 0.48 - 480 1536 DNSH Dry 1
4 1 - 0.45 - 464 1486 DNFSH Dry 2
4.4 1 1.55 0.27 11.62 598 1592 DHSFSH Dry 3
5 - - 0.48 - 480 1536 WNSH Wet 4
5 1 - 0.45 - 464 1485 WNFSH Wet 5
- - 1 0.28 11.62 585 1557 WHSSH-0% Wet 6
i WHSFSH-0% ;
2 1 1.55 0.27 11.62 598 1591 WHSFSH-1% WHSFSH- Wet 9
3 2% WHSFSH-3% 10
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Fig. 4. An example of the method of preparing a sample
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Table 5. Compressive strength test results.

Percentile Increase Compressive Percentile Compressive Specific weight L
(%) Strength (28day) Increase  Strength (7days) (kg/m3) Mixing plan
(Mpa) (%) (Mpa)

- 27.76 - - 2269 DNSH
-19 23.39 - - 2330 DNFSH
+27 38.04 - - 2530 DHSFSH

- 23.73 - 19.87 2250 WNSH
-21 19.54 -23 16.18 2262 WNFSH
+66 69.16 +68 61.22 2410 WHSSH-0%
+75 96.80 +75 80.48 2534 WHSFSH-0%
+65 68.67 +69 65.17 2540 WHSFSH-1%
+65 67.80 +70 66.49 2552 WHSFSH-2%
+65 67.58 +62 65.62 2546 WHSFSH-3%
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Fig. 6. 28-day compressive strength of sprayed concrete
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Fig. 7. The ratio of binders to sand and fibers in the mix plan
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Fig. 8. Rate of increase in compressive strength from 7 to 28 days
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Table 6. Flexural toughness test results

Deflection ; Energy of
Type of Ultimate Energy of Energy of
shotcrete Peak Load  at &?elglgad deflection (6u) 5mm Increase 40mm Increase dléi‘tI:eTt?(t)%
KN mm mm joule (%) joule (%) joule
DNSH 28 0.91 0.91 0 -100 0 -100 14
DNFSH 27 0.57 35.89 98 0 196
DHSFSH 34 0.89 42.09 121 19.26 298 100 298
WNSH 20 0.86 0.87 0 -100 0 -100 9
WNFSH 21 0.69 40 73 141 141
WHSSH-0% 37 0.8 0.8 0 -100 0 -100 14
WHSFSH-0% 80 2.12 52.85 295 75.23 620 77.31 620
WHSFSH-1% 72 1.11 49.28 298 75.42 553 74.53 553
WHSFSH-2% 60 2.27 47.63 228 67.85 413 65.92 413
WHSFSH-3% 58 3.91 46.20 203 63.89 405 65.23 405
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Fig. 9. Energy absorption of sprayed concrete mixtures
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Fig. 12. Force- Displacement diagram of dry shotcrete mixes
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Fig. 13. Energy- Displacement diagram of wet shotcrete mixtures
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Abstract Review History
Diffusion equations such as Darcy's equation which is used to measure the permeability Received: May 20, 2024
coefficient of concrete has a one-dimensional limitation. If the water penetrates into the concrete  Revised: Aug 28, 2024
in a multi-dimensional way. Therefore, there is a need for equations that measure the Accepted: Nov 20, 2024
permeability coefficient of concrete either in a multi-dimensional way or without considering

things like one-dimensional, two-dimensional or three-dimensional. Also, acute environmental Keywords
conditions such as different cycles of ice and ice melting have a negative effect on concrete and  Pull-off test
especially on the surface of concrete. Therefore, in this article, according to the fractal theory, a Cylindrical chamber test
new theoretical relationship has been presented that measures the permeability coefficient of Acute conditions
concrete without the need for permeability dimensions. Also, the relationship between the surface  Permeability coefficient
resistance of concrete and its permeability coefficient in the conditions of ice and ice melting has

been investigated by using pull tests from the surface and cylindrical chamber. Cylindrical

chamber test is a new test invented by Mahoud Naderi. This test is very simple and has a portable

device. The above test has the ability to measure the permeability of concrete in situ. Using this

test, it is possible to measure the permeability of water into the concrete without breaking the

concrete. To perform the above test, a steel plate must be glued on the concrete surface using

epoxy resin glue. The desired adhesive must have the required compressive and shear strength so

that no water leaks around it during the test. After that, the cylindrical container should be placed

on the steel plate and water should be poured into it. Then, by using the handle on the device, the

required pressure is applied to the water so that the water penetrates into the concrete. In the

"direct tension” test to determine the surface resistance of concrete, first a metal cylinder with a

diameter of 5 ¢cm is attached to the place of the test using epoxy resin glue, then by using the

"direct tension" device, the tensile force is applied to the cylinder. It is inserted to separate from

the concrete surface. According to the existing relationship, the resistance value obtained by the

"direct tension" method is obtained by dividing the tension force applied by the area of the

cylinder. The direct tensile test can also be performed in situ. In addition, unlike the previous

theories, the new theory has the ability to investigate the effect of processing time on the

permeability coefficient. The obtained results show the high accuracy of the presented model for

measuring the permeability coefficient of concrete. Also, the acute conditions of ice and ice

melting have a negative effect on the permeability coefficient of concrete, and an inverse

relationship between the permeability coefficient of concrete and the surface resistance obtained

from the pull-out test was observed. With the increase in the number of acute cycles of ice and

ice melting, the permeability of concrete also increases, which shows the negative effect of these

conditions on concrete. Also, a great agreement between the theoretical and experimental results

was observed.
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Fig. 5. Change of water infiltration volume in freeze-thaw cycles
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Table 3. Characteristics of pores at different ages

Specific

Curing Total pore surface area Medium -~ porosity
volume diameter .
(Day) (mm¥g) of pores (nm) )
(m“/g)
7 67 5.3 50.6 184
28 58 5.9 39.3 16.86
90 41 6.2 26.5 13.3
120 35 6.1 23 11.24
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Table 4. VValues of used parameters

parameter amount Unit
D. 2
€ 0.15
Amin 0.00000227 mm
Ds 1.28
D, 1.084
Ymaxa 0.00007 mm
1] 0.00000000089 MPa.s
p 0.5 MPa
A 4418 mm?
Lo 150 mm
T 3.14

oY

Int
14
S e Ty (e l) B e L3V O eyl o
[54] <l

S s U Sodmy Jsb 6 ,Se3ll Gl Gds ol s

O alaly slade 3ly lor an Lol 558 0 oslanal VY ol 51

D=1+ Y

sl oal s 4 VY Wk galail,y 4S ol eslial

L(t) = ]-‘]())t X (Vmax X Caxt)l—Dt - Lt(t)

~16.01 t+16.01 ¢t D¢
D 1-D, e TR
=Lo" X Vimax' X2 t-1000

v

\)dN v\_ﬁl—aﬂ)\u\_%j@"_wm«CJ_JL/\LE_)‘))‘(-;‘}:;*.. L;
.J)ﬂga.«u:«{\\"@\)c,)y@&b;&

—-16.01 L’Df

16010Dy
dN(t) =1In2 x 2~ t-1000

QD)
X (£ =1000)2

el = Ul e s (S e JUE K s Jlw OL 2 &5
[55] (V¥ alasl ) 5,50 s w0 (310 Sa ol ol alai

q(t) = X Px y* (\f)
128 x L, (t) X u
1-D¢ 3+D¢ 16.01t (3+D¢-D
K(t) = TXDeX Ly " X VYax Z(Wotf)

" 128 x A X (3+D,—Dp)

et s (JSall) Jl L2 P O Ll

VY 50 adals, sl esbial Lol (4l JSKLLIK) a5 585

VFoadaly ool dodr Sioms b s kvt el Oly5 e

4b e Jol 10l il 3l 5|y oS 3500 oIS
il 3l Sl daly i IS el

T XP X y%;gt ((16.01>< tx Dt)+(48.03><t)>

-_ t—1000 (\O)
128 X pux Lot

q(t) =

0l IS 55 U o e 0Lz g5 3l esliz |
dmloes V7 gaanly (6 S ULSEN L Ol e | sl Jaoes
daly ole S (Y dal) IS alons 51 g 83 505
adaly ) SN LS ol o 0l VA il 3 0L £
Sl sl e il ladles lp 1 0L 5 Ol e
350

QM = j Q(OAN(® (%)



VE-F Jlo ¥ o les YO 6,90

S OEY] C)').A.C G«»W@lsdm

salin Sian 5l gad 45 a5 L 15 p0d denlons |y (5 i3 588
ol oMo e SElesT el 4 o O e oS 5 5 s
5 LS e Je S G (o 8 5k 4 Dl sed cpl b e
Ol i O gl 51 0lps e 4 315 513 5 5 555 Jo
AS sy b e etalie (mlS oy b3 gl ealital wigy ol
Aol pde G aldsh ol I 4 e Jlss L1
ey AU sl 5 bl e slaas 2l s o
Ll (i sls (Rl 3 (ogr Sl oS ol (1 (Ko
bl s psbie 5 5 A3 o b polie LS
g (il () IS 55 S0 5550 1 g0l 65 ol 13 s

e o QLS o 4l

cilsee i 53 (6 didsd b polie anlis O J g

Table 5. Comparison of permeability coefficient values at
different ages

permeability coefficient (mm?)

Theoretical Laboratory Percentage
Curing (Day) results results difference(%/o)
x 10711 x 10711
7 6.22 6.33 1.74
9 5.67 6.24 9.13
14 4,98 5.99 16.86
21 455 5.65 19.48
28 4.34 5.36 19.01
41 414 5.04 17.86
54 4.03 4.77 1551
67 3.98 45 11.78
80 3.92 4.23 7.33
90 3.9 4,02 2.99
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Fig. 8. Results of different models
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Table 6. Values of permeability coefficient in different results

permeability coefficient (mm?)

. . Percen
Porosity Optlmal_n Theoretlc_allll d?f:eeret:gee
results (10™) results (10™) (%)
0.179 6.78 7.1 457
0.177 6.61 6.42 2.93
0.175 6.46 5.98 7.95
0.17 6.11 5.56 9.84
0.169 6.01 5.3 13.47
0.164 5.75 5.04 14.13
0.161 5.57 4.92 13.24
0.157 5.35 4.8 11.36
0.151 5.06 4.6 10.01
0.145 4.81 4.42 8.78
0.139 4.61 4.35 5.98
0.133 4.44 43 3.15
0.128 4.32 4.32 0

ol enlatul 6@#1;% ).isu.n A% J}.\?

Table 7. Values of used parameters

permeability coefficient (mm?)
Optimal results Laboratory results  Percentage

(10 x 10711 difference (%)
6.78 6.33 7.04
6.61 6.24 5.9
6.46 6.13 5.31
6.11 6 1.78
6.01 5.85 2.8
5.75 5.65 1.8
5.57 5.51 1.12
5.35 5.31 0.66
5.06 5.04 0.41
481 4.77 0.8
461 45 2.45
4.44 423 4.86
4.32 4.32 4.02
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Abstract Review History

Accurately analyzing the behavior of bitumen as a viscoelastic material, along with its natural Received: Jul 22, 2024
aging process, is crucial in pavement engineering. Bitumen, being a thermoplastic substance, Revised: Nov 08, 2024
exhibits mechanical properties that vary with temperature, significantly affecting the durability Accepted: Nov 20, 2024
and overall performance of asphalt pavements. To ensure long-term serviceability, it is essential ' '

to control the high- and low-temperature properties of bitumen to prevent distress mechanisms ~Keywords
such as rutting at high temperatures and cracking at low temperatures. This is particularly Asphalt binder
important in regions with extreme temperature fluctuations, where bitumen must remain stable Aqi
under varying climatic conditions. ging
In thi$ study, the effects of aging on the mechanical properties of bitumen were simulated ~Bending Beam Rheometer
using the Superpave testing system, a widely accepted approach in asphalt binder performance Dynamic Shear
grading. Specifically, short-term aging was replicated using the Rolling Thin-Film Oven Test Rheometer
(RTFOT), which mimics the oxidation that occurs during the mixing and construction phases. Performance Grading.
Long-term aging was simulated using the Pressure Aging Vessel (PAV), which accelerates the
oxidative hardening that takes place over the pavement’s service life. Understanding the impact
of these aging processes is essential for predicting the long-term behavior of asphalt pavements
and developing strategies to improve their durability.
To evaluate the impact of repeated PAV aging cycles, three different penetration-grade
bitumens were selected: 40-50 (PG70-16), 60-70 (PG64-22), and 85-100 (PG58-28). These
grades reflect their resistance to temperature-induced distress. Each bitumen type was subjected
to one, two, and three PAV aging cycles to provide insight into the progressive effects of
oxidation on its rheological and mechanical properties. The gradual stiffening of bitumen due to
oxidation can lead to increased brittleness, making it more susceptible to cracking under traffic
loads and environmental stresses. Therefore, evaluating the extent of these changes is critical in
designing pavements that can withstand long-term exposure to aging factors.
For low-temperature performance analysis, the Bending Beam Rheometer (BBR) test was
conducted at 0°C, -6°C, and -12°C to assess the stiffness and susceptibility of the aged bitumen to
thermal cracking. To evaluate high-temperature performance, the Dynamic Shear Rheometer (DSR)
test was carried out at seven different temperatures, ranging from 46°C to 82°C. This test provided
key data on the complex shear modulus and phase angle, which are critical indicators of bitumen’s
resistance to rutting and fatigue cracking. Additionally, the rheological data obtained from these
tests help predict pavement performance under various climatic and loading conditions.
The results showed that with increased aging, the high-temperature performance of the bitumens
improved by up to three PG grades, while the low-temperature performance increased by a maximum
of two grades. After three PAV aging cycles, the performance grades of the tested bitumens shifted to
PG82-4, PG82-10, and PG70-16, respectively. Additionally, the study examined the relationship
between the high-temperature properties of aged bitumen and its chemical composition over different
aging periods. A strong linear correlation was observed between the viscoelastic properties at high
temperatures and the chemical aging index, with an R? value exceeding 0.9. These findings highlight
the significant influence of aging on bitumen performance and emphasize the importance of
considering aging resistance when selecting bitumen for pavement applications. Future research
should focus on developing modification techniques to enhance bitumen's aging resistance and
improve its long-term performance in diverse environmental conditions.
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Table 1. Properties of asphalt binders used in this study

Asphalt Binder

Property Unit  Standard Method B40/50 B60/70 B85/100
(PG70-16) (PG64-22) (PG58-28)
Penetration at 25°C  dmm ASTM D5 45 65 86
Softening point °C ASTM D36 58 54 49
Ductility at 25°C cm ASTM D113 >100 >100 >100
Flash point °C ASTM D92 >250 >250 >250
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Table 2. Research laboratory program.

FTIR Test High Temperature

Low Temperature

Sample Condition Bitumen Type Sample Code

Test Test
OPAV AOPAV
1PAV Al1PAV
2PAV 40-50 A2PAV
DSR Based on BBR Based on 3PAV A3PAV
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Using the ASTM D6648
; To calculate the 1PAV B1PAV
device model To calculate 60-70
IRTracer-100 complex shear flexural stiffness 2PAV B2PAV
modulus and phase and creen rate 3PAV B3PAV
angle P OPAV COPAV
1PAV C1PAV
2PAV 85-100 C2PAV
3PAV C3PAV
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Table 4. Vertical shift factors of different PAV curves of bitumen

40-50 at -6°C.
Condition Original 1PAV 2PAV 3PAV
Vvertical Shift ) 550000 0.0931108 0683912  0.524807
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Fig 2. Master curve of 40-50, 1% PAV at -6°C
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Fig. 4. Master curve of bitumen 40-50, 3" PAV at -6°C
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Fig. 6. Master curve of flexural creep stiffness for different aging
levels of bitumen 40-50
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Table 3. Horizontal shift factors of different PAV curves from 40-
50 bitumen to the reference temperature of -6°C.
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a; Temp PAV a; Temp PAV
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Fig 1. Master curve of pure bitumen 40-50 at -6°C
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Fig. 3. Master curve of bitumen 40-50,2" PAV at -6°C
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aged bitumens at -6°C
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Fig. 7. Master curve of complex shear modulus versus angular frequency for bitumen 40-50; a) RTFO, b) 3 PAV
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Table 5. Vertical shift factors of master curves at 58°C to create aging master curves

Bitumen Type
Times of PAV ~ 40-50 60-70 85-100
Original 1.000 1.000 1.000
1PAV -0.525 -0.625 -0.600
2PAV -0.925 -0.925 -0.750
3PAV -1.200 -1.075 -0.925
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Times of PAV  40-50
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1PAV
2PAV
3PAV
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R2=0.922

e
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Fig. 13. Correlation of vertical shift factors of the complex shear modulus master curve versus aging index
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Abstract Review History
Mineral anions are one of the most important toxic substances harmful to humans and animals  Received: Jul 26, 2024
even in low concentrations. Nitrate ions are considered important surface and groundwater Revised: Oct 05, 2024
pollutants for their high solubility in water. Nitrate is converted to nitrite and N-nitroso in the Accepted: Nov 20, 2024
human body through certain reactions. N-nitroso combinations are considered carcinogenic and

the primary cause of methemoglobinemia diseases. The existing nitrate in water resources is not Keywords

easily separated for it is highly soluble and therefore the methods usually used for this purpose  Analytical Hierarchy
are very costly. Various methods can be used to remove or reduce the concentration of nitrate.  Process

Reverse osmosis, electrodialysis, electrocoagulation, ion exchange and membrane processes are  Oxygen Capturing
among the physico-chemical methods of nitrate purification. Among the types of nitrate  compound, Nitrate
purification methods, biological processes with relatively high efficiency, the possibility of
complete removal of the pollutant and less harmful effects on the environment, are one of the
most suitable options for the decomposition and removal of nitrate from water and groundwater.
In a situation where the contaminated area is wide and it is not possible to pump water due to
economic reasons or the large volume, treatment using in-situ methods will be a more suitable
option. One of the types of in-situ biological treatment processes is the use of the permeable
reactive bio-barrier (PRBB) method. PRBB is one of the novel and reliable methods used for in-
situ groundwater remediation. A PRBB is an emplacement of reactive media in the sub-surface
designed to intercept a contaminated plume, provide a flow path through the reactive media and
transform the contaminant(s) into environmentally acceptable forms to attain remediation
concentration goals down gradient of the barrier. PRBB can degrade nitrate at a high rate under
anaerobic conditions. In this research, different concentrations of four chemical substances
including ZVI, nZVI, NaS,0s, and Na,S,0s5 were used as Oxygen Capturing Compounds (OCC)
in the removal of nitrate from polluted water in the PRBB process on a laboratory scale. Based
on the obtained results, these substances affect the parameters of DO, pH, MLSS, turbidity,
nitrate concentration, durability of DO, and ORP. After laboratory tests and taking into the
opinion of experts, the qualitative effect of each parameter was calculated quantitatively and
through the analytical hierarchy process (AHP), the best oxygen-capturing compound was
selected. The results obtained from AHP (with an inconsistency ratio of 0.063), revealed that the
priority of choosing OCC from three technical, economic, and environmental aspects is related to
the concentrations of 750 mg/l ZVI, 240 mg/l Na,S,05, 85 mg/l Na,S,05 and 550 mg/l nZVI
respectively. The concentration of 750 mg/l ZVI (the best OCC) during the experiments was able
to reduce the DO from 7 to 0.05 mg/l in approximately 500 minutes and within the ideal range of
the denitrification process (DO<0.05 mg/l). In addition, after the durability of DO tests, it was
found that this substance has maintained its deoxygenation properties for a longer period than
other used compounds. Also, based on the results, the concentration of 750 mg/l ZVI had a
positive effect on the increase of MLSS and removal of nitrate.

Permeable Reactive Bio
Barrier
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So far, the performance of masonry walls against in-plane lateral loads such as earthquake Received: Dec 05, 2024
loads has been extensively studied, but less attention has been paid to out-of-plane loads such as  Revised: Dec 10, 2024
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leading to extensive damage and potentially causing severe financial losses and casualties. Given Keywords

the increase in terrorist and sabotage attacks, reinforcing these structures seems necessary. In Masonr I
. . . : - Yy wa

recent years, fiber-reinforced polymers (FRP) have been widely and effectively used in the )

reinforcement and performance improvement of these structures. Their light weight, high EXPlosion:

stiffness and high strength, and corrosion resistance are among the properties that have attracted ~ Strengthening

researchers to use these materials. Finite element modeling not only provides a basis for better FRP Composite

understanding the behavior of masonry walls but also is very useful in predicting the behavior of  Numerical Modeling

these members after reinforcement, especially in the absence of experimental results. In this

study, using numerical modeling in ABAQUS software, the behavior of masonry walls

reinforced with FRP strips against a blast with an explosive charge equivalent to 150 kg of TNT

(the weight of explosive likely to be carried in a sabotage attempt via a vehicle) at a distance of 5

meters was investigated. Lagrangian equations were used to model the mechanical behavior of

the structure, and the solver used in this research is an explicit solver to account for the time

factor in the software’s integration process. The total time considered for the entire explosion

process is 1 second, and the explosive load was applied to the studied structure using the Conwep

method. The type of fibers, width, thickness, area, and angle of the FRP strips were important

and influential parameters that were examined for the efficiency of this reinforcement method.

The modeling results indicate that this reinforcement technique is highly effective in

strengthening masonry walls against explosions, as it has reduced the deflection of the wall by at

least 70% and its energy by up to 90%. It can also be inferred that an arrangement for reinforcing

masonry walls with FRP strips is suitable if it covers the areas prone to damage, which in

masonry walls are the mortar joints between the bricks. Therefore, the horizontal arrangement

shows better performance compared to the vertical and diagonal arrangements. Similarly,

reinforcing 100% of the wall area performs much better than reinforcing 50% and 25% of the

wall area, but it is not economically acceptable. In general, similar to structural elements, non-

structural elements can also exhibit plastic behavior in critical situations, preventing the collapse

of these elements due to the absorbed energy. Therefore, walls with higher plastic energy show

better behavior against explosive loads. Additionally, based on the hysterical displacement and

kinetic energy diagrams of the wall, it can be seen that the behavior of reinforced walls is

oscillatory, while the behavior of unreinforced walls is noticeably pulsating. Finally, the optimal

arrangement of FRP strips proposed for reinforcing masonry walls against explosions in this

study is the use of CFRP strips horizontally, with a thickness of 1 mm, a width of 24 cm, and

covering 50% of the surface area; This configuration successfully decreased the deflection of the

wall from 63.1 cm to 7.7 cm and damped approximately 13% of the blast wave energy.
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Fig. 2. a) Joint boundary conditions of masonry wall;
b) Modeled masonry unit with a mesh size of 4 cm
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Table 1. Mechanical properties and CDP parameters for brick

[31]
E(MPa) 1892 m 20
v 0.15 K 0.67
fe (MPa) 9.9 e 0.1
f. (MPa) 0.69 (Fby/Fc,) 1.6
g(kg/m3) 1812  Viscosity 0
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[31]CDP Jus sl » ol las iS5 golad 5, Y Juer
Table2. Compressive & tensile behavior of brick for CDP model [31]

Compressive behavior

Tensile behavior

Yield stress (MPa)

Inelastic strain

Yield stress (MPa)

Cracking strain

6.92 0

8.00 0.00033
9.68 0.00177
9.90 0.00287
9.68 0.00418
8.63 0.00644
7.28 0.00842
4.28 0.01193

0.69 0

0.54 0.00011
0.36 0.00029
0.25 0.00042
0.17 0.00055
0.12 0.00067
0.09 0.00078
0.07 0.00078

[20, 321 FRP (slacysels SVl Hliy lasein ¥ J g
Table 3. Elastic behavior of FRP composites [20, 32]

Eq E, v G2 Gy3 Gi3
(MPa) (Mpa) 2 (MPa) (MPa) (MPa)
CFRP 54000 2227 0.3 1127 1127 1127
GFRP 18000 818 03 414 414 414
BFRP 15000 10000 0.3 4800 4800 4800

[32] (i slne bl 3 FRP (glacy 55008 o (sla elss F J g

Table 4. Damage parameters of FRP composites based on Hashin model [32]

CFRP __GFRP BFRP

Tens. strength in norm. dir. of fiber (MPa)
Comp. strength in norm. dir. of fiber (MPa)
Tens. strength in trans. dir. of fiber (MPa)
Comp. strength in trans. dir. of fiber (MPa)
Shear strength in norm. dir. of fiber (MPa)
Shear strength in trans. dir. of fiber (MPa)
Fracture Tens. energy in fibers’ dir. (mJ)
Fracture Tens. energy in trans. dir. (mJ)
Fracture Comp. energy in fibers’ dir. (mJ)
Fracture Comp. energy in trans. dir. (mJ)

1188 810 460
3.96 2.7 260
3.96 2.7 45
3.96 2.7 60
3.96 2.7 35
3.96 2.7 20
92 92 73
11 11 0.67
0.2 0.2 26.7
0.2 0.2 13.3
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Fig. 3. Contour of the wall deflection in the research and the reference article [33]
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Table 5. Results of the deflection of the wall in the proposed model and comparison with the numerical and experimental results (based on

(33])

Deflection of the center of the wall (mm)

ABAQUS (Error) LS-DYNA[32] (Error) Experimental
15.21 (7.9%) 15.51 (10.1%) 14.09 Unreinforced wall
11.87 (5.3%) 12.11 (7.5%) 11.27 Reinforced wall
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Table 6. Summary results of residual displacement and maximum
kinetic energy of the wall
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