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Fig. 1. Location Keshkan bridge and a picture of its current condition

slales oz b Shy s QS k6 lers Cualae
oS oud o o1 o gyl g e YA (5ye U S5
LS 5o (B9 iS4 axgi g o Sl e
0 cite Slols oy 4 |y o] csls &b
& loxs )tﬂ I ol 5 B OAY (gnidsl)
Veee pale) Wyliee Jled 4 e ooz oS
Oszed SLRiags (VoY (gobrw Vo) gy
) sl g VAAY) amidyl, (13F+) L5 500
o )Lal HI8aS s (258 slaasly JLS jo ansS (plogzg e
SIS axld o350 o 0j9p8l 4niS oyl los,S
Ve olul ay (Ko aslad (59 2 asS D9d o0 (5l
F5 b el YA Culis 5 e ile A 0
Y JS8) ol o V (lls 4iS o) ol o0 4t

By oSy celie Jdos a5 cd 55 Lls
S ebamgS a4y oble 3 (b3l ol, LS e ol sl
00,5 (3 Ol 3l goaxie o Raagh 9L 2B o)90
ol of Gleme @la S o)l iz Clle
Ogidly § oy aloz 5l iz 5l (S les S
Sz Qb ) (Fu)b Sl 3 S)mg oiey o
S Globs 0y Lol el adel )6 5 0050l
Geosi OB e ST LOVAAY (auidsly) Wloo S
@ b ol s wS e a5l s idate 5 58
Ui 3l )5S s dels Ll (135 (8 1908) il o
oy (55 sl 05,8 ALV L o cpplisl | las

e g el 1) ol ol 5 4t oy 5l wosl

.(\af. U"L"‘*") Cenl oo; 6)‘°)'.’¢5.$5



Ve e oLl g 5l YV o5l AR 0,99 453 32,15 (owldiormo n g sLasdly

sols 1y oy el jguws o aS oo a8 cus lgs e
4 a8 B8 4S5l slas .cnl 0gy (LS 3 e
Wad oo ol 1y gyme ¥ oo o b cole cole
S Sy cwlazgs LB s 6,185 b 0 a5 glass
g8l oslitul ( b slail Gezmen Ji (s)lone
el Ol o el g slaak 5 ileS sl n
e ol ke Lo cpl jo asd) 1SS sasie waleds 45T S

sl 00395 (6,20 ¥ o jo Lo sl a5

doal T osm sk Yo alols o s G
2ol adyl o 5l s cnl sswl cawoas b oy8
S Aoy Gl e Cams o (el sy plezsb
SEle Hoted dgin (pl Ho pigl & Sl atie
Sy VA9 Jlo o aS ools 1) 6y YA Jlo o ol
yebay 4nsS 0 el odn pladl 4 JLV + 5l s g
S5 (ol b g el 00gr az Ly ol a5 ouiis o Lil e
Lol b 5 oRas y JLS 50 ol asS s azgi b
Slaebl BB j5b s (5,20 YV 2 )by 515 Jy anis

Fig. 2. Kufic inscription of Kashkan bridge
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Fig. 3. A view of the Kashkan bridge and the studied limestone
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Fig. 4. Effects of salt weathering on limestones used in the construction of Kashkan bridge
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Fig. 5. The cubic samples (a) Asmari limestone, (b) Talezang limestone
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Fig. 6. Thin section images of (a) Asmari limestone, (b) Talezang limestone
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Fig. 7. (a) P-wave velocity test, (b) Point load test, (c) the failured samples after point load test
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Table 1. Results of physico-mechanical properties of studied limestones
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Fig. 9. Variations of (a) P-wave velocity, and (b) point load index in different cycles of salt weathering in sodium and

magnesium sulfate solution
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Table 2. Variations of P-wave velocity and point load index of studied limestones at the end of 30 cycles of salt

weathering test
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Abstract

The purpose of this study is to investigate the physical and mechanical properties of limestone used in
the construction of the historical bridge of Kashkan (Lorestan province) and to evaluate their behavior
against salt weathering. Based on this, two types of limestone used in the construction of Kashkan
bridge, including Asmari limestone (ASR) and Talezang (TLZ) were selected and studied in the
laboratory. Based on the petrographic analysis results, Asmari stone can be classified as a lime
mudstone, while Talezang stone can be classified as a grainstone. In the first stage, the lithological,
physical and mechanical characteristics of the studied rocks were determined, and then salt
crystallization test was performed in sodium and magnesium sulfate solution in 30 cycles on the selected
samples. In order to investigate the effect of salt weathering on the durability and stability of the selected
stones, at the end of every 10 cycles, the changes in appearance, P-wave velocity and point load strength
of the samples were evaluated. Based on the results, it was found that sodium sulfate has a much greater
effect on the decay and degradation of the studied limestones. Also, the results showed that at the end
of 30 cycles of salt crystallization test in sodium and magnesium sulfate solution, Asmari limestone has
experienced more damage compared to Talezang limestone. In addition to these, SEM studies have been
conducted to investigate the structural changes of the samples due to salt weathering.

Keywords: Physico-mchanical properties, Limestone, Salt weathering, Kashkan Bridge, Lorestan

Introduction
The deterioration of building materials

monuments can occur through various
mechanisms. Salts originating from the stone

worldwide causes significant economic losses
and the degradation of ancient structures. A
substantial portion of this damage results from
salt crystallization within the pores of stones and
bricks used in historical constructions.
Consequently, evaluating the durability of stones
against salt crystallization is a critical and
compelling research topic, as these materials are
often  primary construction components,
particularly in  heritage buildings. This
phenomenon is recognized as a widespread
weathering process and a major contributor to the
decay of stones in historical structures. Salt
weathering occurs when salts such as sodium
sulfate (NazSOa4), sodium chloride (NaCl),
magnesium sulfate (MgSOs4), and calcium sulfate
(CaS0s4) penetrate the porous structure of the
stone and crystallize upon evaporation or drying.
This process exerts pressure on the stone,
inducing internal stresses that ultimately lead to
surface deterioration, decay, and breakdown. Salt
accumulation in building stones and historical

itself may also contribute to the deposition of
salts within its voids. This study investigates the
role of physical and mechanical properties in the
durability of limestones used in the construction
of the historic Kashkan Bridge against salt
weathering. To this end, the first stage examines
the physical and mechanical characteristics of the
limestones employed in the  bridge’s
construction. The second stage explores the
influence of these properties on the stones’
resistance to salt weathering.

Materials and methods

This bridge was constructed over the Kashkan
River along the ancient route connecting
Shapurkhwast to the Tarhan region. Politically, it
is currently located within the Teshkan Rural
District  of Dowreh  Chegeni  County,
approximately 35 km from Kuhdasht and 52 km
east of Khorramabad. The bridge spans 285
meters in length, with a passage width of 8
meters. Including its subsidiary piers and
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eastern/western extensions, the total length
reaches 340 meters, fully covering the width of
the valley that forms the river’s natural bed.
Geological studies indicate that the upstream
basin of the Kashkan Bridge is significantly
influenced by the Gachsaran evaporite formation.
The distribution of this formation is such that
local inhabitants in some upstream areas collect
salt from natural salt pans. Consequently, the
Gachsaran Formation can be considered the
primary source of salt contributing to the
weathering of the limestone used in the historic
Kashkan Bridge. Given the bridge’s historical
significance and the extensive presence of the
Gachsaran evaporite formation upstream, it is
essential to study the durability of its construction
materials against destructive salt weathering.
Such research will improve understanding of the
stones’ behavior and help prevent further
deterioration. Accordingly, this study first
examines the physical and mechanical properties
of the Ilimestones used in the bridge’s
construction. Second, it investigates the role of
these properties in the stones’ resistance to salt
weathering when exposed to sodium and
magnesium sulfate solutions.

The studied rock samples: Examination of the
stones used in the construction of the historic
Kashkan Bridge reveals that two main types of
limestone were predominantly employed. The
first type is a white limestone, typically used in
large blocks (approximately 30x30x40 cm) for
the bridge piers. This limestone belongs to the
Asmari Formation of Oligo-Miocene age. The
second type consists of predominantly gray
limestone slabs with a maximum thickness of 20
cm, used in the bridge arches. Field observations
indicate that this limestone variety originates
from the Taleh-Zang Formation of Paleocene-
Eocene age. For the present study, several blocks
of each limestone type were collected in various
dimensions and transported to the Engineering
Geology and Geotechnics Laboratory at Lorestan
University. From these collected blocks, 76 cubic
specimens measuring 3x3x3 cm were prepared.
Special care was taken to ensure the samples
were free from any cracks or fractures.

Results and discussions

Petrographic properties: Thin-section
observations revealed that the Asmari limestone
sample exhibits a matrix-supported texture,
composed of approximately 47% micritic mud,
50% microsparite, and about 3% iron oxides.
According to Dunham's classification (1962), the
Asmari limestone is classified as a lime
mudstone. The analysis showed that the Taleh-
Zang limestone displays a grain-supported

texture, consisting of 75-80% intraclasts
(including limestone fragments and fossil
pieces). Fossil fragments, comprising
nummulites, miliolids, and foraminifera, account
for 15-20% of the rock's grains. The intergranular
spaces are filled with micrite that has locally
transformed into neosparite. Based on Dunham's
classification (1962), the Taleh-Zang limestone
can be classified as a grainstone.
Physical-mechanical properties: To evaluate
the behavior of the selected limestones against
salt crystallization weathering cycles, it is
essential to first develop a comprehensive
understanding of their physico-mechanical
properties.  Accordingly, following sample
preparation, a series of thorough physical and
mechanical tests were conducted on the cubic
specimens, including porosity determination,
density measurement, wave velocity analysis,
and point load index assessment.
Salt crystallization test:To evaluate the
limestone's resistance to salt weathering, salt
crystallization tests were conducted using 14%
weight solutions of sodium sulfate and
magnesium sulfate, following the EN 12370
standard (2020) for 30 cycles. Each complete salt
weathering cycle consisted of three phases:
1. Immersion phase: Samples were submerged
in the 14 % sulfate solution for 2 hours.
2. Drying phase: Samples were oven-dried at
105°C for 16 hours until completely dry.
3. Cooling phase: Samples were cooled at room
temperature for 6 hours.

After every 10 cycles, we measured changes in

porosity, wave velocity, and point load index.

Notably, at each 10-cycle interval, a minimum of

3 samples underwent point load testing. The

results demonstrate that as salt crystallization

cycles increased, the mechanical-physical
properties (wave velocity and porosity) showed
an increasing trend.

In this study, the damage ratio (DR) caused by 30

salt crystallization cycles was calculated using

the following equation:

DR = ((Xo - X_cn)/Xo) x 100

Where:

¢ DR = Damage ratio after 30 salt crystallization
cycles

® Xo=Measured physical/mechanical property of
intact samples (pre-weathering)

e X_cn = Measured property after n weathering
cycles (here, wave velocity and point load
index after 30 cycles in Na:SO4/MgSO4
solutions)

Key Findings:

1. Wave Velocity Reduction:
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v" ASR limestone: 61.20% (Na.SOs) and 41%
(MgSO4)

v' TLZ limestone: 35.15% (Na.SQs) and

16.25% (MgSO4)

Point Load Index Reduction (more severe

than wave velocity):

ASR limestone:

85.61% reduction in Na.SO4

70.46% reduction in MgSOa4

TLZ limestone:

38.43% reduction in Na.SO4

27.28% reduction in MgSO4

Based on the results, ASR limestone showed
significantly higher deterioration than TLZ in
both solutions. Sodium sulfate caused more
damage than magnesium sulfate for both
lithologies. Also, Point load index proved more
sensitive to salt weathering than wave velocity
measurements.
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Conclusions

This study evaluated the physical-mechanical
properties and salt weathering durability of two
limestone types (Asmari and Taleh-Zang) used as
construction materials in the historic Kashkan
Bridge (Lorestan Province). The key findings are
summarized as follows:

= Petrographic analysis identified the Asmari

limestone as a lime mudstone and the Taleh-
Zang limestone as a grainstone.

Physical-mechanical correlations revealed
strong relationships with high regression
coefficients: Porosity vs. point load index: R?
= (0.803, Density vs. point load index: R? =
0.817, Wave velocity vs. point load index: R?
=0.751.

Salt weathering resistance showed significant
differences: ASR limestone exhibited wave
velocity reductions of 61.20% (Na.SOa4) and
41% (MgS0.). TLZ limestone demonstrated
lower reductions of 35.15% (Na.SO.) and
16.25% (MgSOs4).

Key findings regarding point load index
reduction after 30 salt crystallization cycles:
Asmari limestone exhibited:

85.61% reduction in sodium sulfate (Na.SOa)
solution

70.46% reduction in magnesium sulfate
(MgSO4) solution
(indicating severe deterioration in both
environments)

Taleh-Zang limestone showed significantly
lower reduction:

38.43% reduction in Na.SOa4 solution
27.28% reduction in MgSOs solution



