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The present study evaluates the seismic vulnerability of two buried reinforced-concrete
reservoirs—Seyyed al-Shohada and Farmandari—located in Nahavand County in
Hamedan. These reservoirs, each with a nominal capacity of 5,000 m3, constitute critical

Artlc.le history: water-supply infrastructure for the region. The assessment was conducted using three-
Received . . . . . . . .
2025-12-01 dimensional modeling in SAP2000, incorporating soil-structure and fluid—structure
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use of the maximum acceleration response spectrum. Nevertheless, reinforcement corrosion
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Semi-buried reservoirs concerns. Periodic monitoring of the reservoirs for cracking, reinforcement corrosion, and
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Reinforced Concrete, diminishing concrete cover is therefore deemed necessary. Overall, the reservoirs under

Demand-capacity ratio study currently exhibit an acceptable level of seismic resistance; however, given their long

service life and observed signs of deterioration, the implementation of preventive measures
is recommended to ensure their long-term performance.
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Introduction
The importance of assessing the seismic vulnerability of concrete water storage reservoirs

arises from the fact that these structures constitute critical infrastructure that significantly
influences the functional sustainability of cities. The proper operation of water-supply
networks, as well as the provision of potable, sanitary, and firefighting water under
emergency conditions—particularly following an earthquake—is directly dependent on the
stability of these storage reservoirs. Experiences from destructive seismic events such as the
Tabas, Rudbar, Bam, and Kermanshah earthquakes at the national scale, and the Northridge
(1994), Kobe (1995), Chi-Chi (1999), Nepal (2015), and Tiirkiye (2023) earthquakes at the
global level, have demonstrated that damage to concrete reservoirs, even at moderate levels,
can trigger a chain of secondary consequences. These include disruptions in water flow,
inability to perform firefighting operations, network pressure loss, water contamination, and
a decline in social resilience. Emergency water supply in the first hours after an earthquake
is one of the primary requirements of crisis management; therefore, the failure or outage of
storage reservoirs can exacerbate human and economic losses. Moreover, many existing
concrete reservoirs in the Iran were designed according to outdated codes. Considering their
age and the changes in seismicity in many regions, reassessing their seismic vulnerability is
an undeniable necessity. Accordingly, conducting rigorous scientific studies based on
numerical modelling methods is essential for enhancing infrastructure resilience and
ensuring the reliability of service-delivery networks. The present research has been
undertaken in response to this scientific need, with the aim of providing a numerical analysis
grounded in contemporary seismic assessment standards, thereby contributing to a more
accurate understanding of the seismic behavior of concrete tanks and offering strategies to
reduce their vulnerability.

Method

In this study, three-dimensional modeling in SAP2000 was employed to assess the seismic
vulnerability of two semi-buried concrete reservoirs located in Nahavand County. The
effects of soil—structure and fluid—structure interaction were incorporated into the modeling,
and the analyses included both static and dynamic procedures. Seismic loading was applied
based on two hazard levels with return periods of 475 and 2475 years, in accordance with
Standard 2800 and code 360. To model soil-structure interaction, Winkler model were used
by considering the geometric dimensions of the reservoir and geotechnical investigation
reports. Moreover, the modified Housner method was adopted to account for fluid—structure
interaction. In the finite element modeling, shell elements were used for the walls, floor slab,
and roof slab. Effective stiffness reduction factors prescribed in code 360 were applied to
account for section cracking. Linear and nonlinear acceptance criteria were evaluated based
on the demand-to-capacity ratio (DCR) and corresponding performance levels, while the
capacities of structural members were calculated following the ACI 318 standard and code
360.
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Results

Analyses conducted on the reservoirs under study indicate that these structures exhibit
acceptable performance in terms of resistance to both static and seismic loads. Results of
von- Mises stresses in the walls, roof, and floor of the reservoirs showed that the stress
levels in all components remain below the concrete compressive strength, with maximum
wall stresses reaching only 25% of the concrete strength. In the roof and floor slabs, the
highest stresses were recorded as 9 MPa and 7 MPa, respectively—both below the concrete
strength. Moreover, the calculated Demand-to-Capacity Ratio (DCR) for the columns and
walls under all load combinations was less than 1, confirming the structural adequacy of
these reservoirs under gravity and seismic loading. Nevertheless, considering the long
service life of the reservoirs (over three decades), periodic monitoring and the
implementation of preventive measures are essential to ensure their long-term performance.

Conclusions

Based on the conducted studies, the load-bearing capacity of the main structural components
of the reservoirs—such as slabs, walls, and columns—Ilies within the permissible limits.
Under the applied static and dynamic loadings and considering the assumptions adopted in
this research, the reservoirs under investigation do not exhibit any major structural issues
with respect to the intended performance levels. Because the considerable time that has
passed since the construction of these types of reservoirs, corrosion of the reinforcing bars in
the slabs and the reduction of concrete cover thickness over the roof slab reinforcement are
serious concerns that must be re-evaluated. As well, considering that the reservoirs have
been in service for more than three decades, regular monitoring is essential to assess
reinforcement corrosion, reduction of concrete cover, concrete cracking, and the overall
condition of the structures during continuous operation. Inspection and maintenance of these
issues should be prioritized.
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Element P V2 V3 T M2 M3 DCR
C26-0 Combo-1 -62.703 18.039 -5.972 0.383 0.661 -7.868 0.175
C26-0.4 Combo-1 -77.909 18.039 -5.972 0.383 3.049 -15.083 0.273
C26-2.25 Combo-1 -85.724 -6.035 1.250 0.383 0.719 -3.859 0.174
C26-4.5 Combo-1 -95.228 -6.035 1.250 0.383 -2.120 9.821 0.086
C26-0 Combo-1 -62.703 18.039 -5.972 0.383 0.661 -7.868 0.175
C26-0.4 Combo-1 -77.909 18.039 -5.972 0.383 3.049 -15.083 0.273
C26-2.25 Combo-1 -85.724 -6.035 1.250 0.383 0.719 -3.859 0.174
C26-4.5 Combo-1 -95.228 -6.035 1.250 0.383 -2.120 9.821 0.086
C26-0 Combo-2 -183.727 18.211 5.686 -0.008 -1.364 -7.261 0.108
C26-0.4 Combo-2 -198.934 -5.863 -1.536 -0.008 -3.633 -14.540 0.146
C26-2.25 Combo-2 -206.748 -5.863 -1.536 -0.008 -0.733 -3.538 0.118
C26-4.5 Combo-2 -216.252 -5.863 -1.536 -0.008 2.805 9.904 0.441
C26-0 Combo-2 -183.727 18.211 5.686 -0.008 -1.364 -7.261 0.108
C26-0.4 Combo-2 -198.934 -5.863 -1.536 -0.008 -3.633 -14.540 0.146
C26-2.25 Combo-2 -206.748 -5.863 -1.536 -0.008 -0.733 -3.538 0.118
C26-4.5 Combo-2 -216.252 -5.863 -1.536 -0.008 2.805 9.904 0.441
C26-0 Combo-3 326.646 -18.425 -5.507 -0.022 1.623 6.357 0.186
C26-0.4 Combo-3 311.439 -18.425 -5.507 -0.022 3.836 13.746 0.189
C26-2.25 Combo-3 303.625 5.649 1.716 -0.022 0.755 3.551 0.173
C26-4.5 Combo-3 294.121 5.649 1.716 -0.022 -2.976 -8.754 0.555
C26-0 Combo-3 326.646 -18.425 -5.507 -0.022 1.623 6.357 0.186
C26-0.4 Combo-3 311.439 -18.425 -5.507 -0.022 3.836 13.746 0.189
C26-2.25 Combo-3 303.625 5.649 1.716 -0.022 0.755 3.551 0.173
C26-4.5 Combo-3 294.121 5.649 1.716 -0.022 -2.976 -8.754 0.555
C26-0 Combo-4 206.233 -18.382 5.966 -0.413 -0.680 6.912 0.396
C26-0.4 Combo-4 191.027 -18.382 5.966 -0.413 -3.068 14.273 0.441
C26-2.25 Combo-4 183.213 5.691 -1.256 -0.413 -0.774 3.888 0.331
C26-4.5 Combo-4 173.709 5.691 -1.256 -0.413 2.003 -8.678 0.109
C26-0 Combo-4 206.233 -18.382 5.966 -0.413 -0.680 6.912 0.396
C26-0.4 Combo-4 191.027 -18.382 5.966 -0.413 -3.068 14.273 0.441
C26-2.25 Combo-4 183.213 5.691 -1.256 -0.413 -0.774 3.888 0.331
C26-4.5 Combo-4 173.709 5.691 -1.256 -0.413 2.003 -8.678 0.109
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Element P V2 V3 T M2 M3 DCR
C26-0 Combo-5 -20.101 18.270 -6.011 0.385 0.503 -7.417 0.106
C26-0.4 Combo-5 -32.543 18.270 -6.011 0.385 2.907 -14.725 0.201
C26-2.25 Combo-5 -38.937 -5.804 1.211 0.385 0.659 -3.960 0.100
C26-4.5 Combo-5 -46.713 -5.804 1.211 0.385 -2.077 9.147 0.070
C26-0 Combo-5 -20.101 18.270 -6.011 0.385 0.503 -7.417 0.106
C26-0.4 Combo-5 -32.543 -5.804 1.211 0.385 2.907 -14.725 0.201
C26-2.25 Combo-5 -38.937 -5.804 1.211 0.385 0.659 -3.960 0.100
C26-4.5 Combo-5 -46.713 -5.804 1.211 0.385 -2.077 9.147 0.070
C26-0 Combo-6 -141.147 18.438 5.632 -0.007 -1.527 -6.818 0.087
C26-0.4 Combo-6 -153.589 -5.635 -1.590 -0.007 -3.776 -14.189 0.130
C26-2.25 Combo-6 -159.983 -5.635 -1.590 -0.007 -0.789 -3.643 0.091
C26-4.5 Combo-6 -167.759 -5.635 -1.590 -0.007 2.853 9.233 0.356
C26-0 Combo-6 -141.147 18.438 5.632 -0.007 -1.527 -6.818 0.087
C26-0.4 Combo-6 -153.589 18.438 5.632 -0.007 -3.776 -14.189 0.130
C26-2.25 Combo-6 -159.983 -5.635 -1.590 -0.007 -0.789 -3.643 0.091
C26-4.5 Combo-6 -167.759 -5.635 -1.590 -0.007 2.853 9.233 0.356
C26-0 Combo-7 369.216 -18.143 -5.541 -0.020 1.476 6.842 0.210
C26-0.4 Combo-7 356.774 -18.143 -5.541 -0.020 3.705 14.119 0.211
C26-2.25 Combo-7 350.380 5.931 1.681 -0.020 0.702 3.444 0.200
C26-4.5 Combo-7 342.604 5.931 1.681 -0.020 -2.934 -9.437 0.639
C26-0 Combo-7 369.216 -18.143 -5.541 -0.020 1.476 6.842 0.210
C26-0.4 Combo-7 356.774 5.931 1.681 -0.020 3.705 14.119 0.211
C26-2.25 Combo-7 350.380 5.931 1.681 -0.020 0.702 3.444 0.200
C26-4.5 Combo-7 342.604 5.931 1.681 -0.020 -2.934 -9.437 0.639
C26-0 Combo-8 248.782 -18.104 5917 -0.412 -0.831 7.388 0.469
C26-0.4 Combo-8 236.340 5.970 -1.305 -0.412 -3.200 14.639 0.517
C26-2.25 Combo-8 229.946 5.970 -1.305 -0.412 -0.824 3.777 0.405
C26-4.5 Combo-8 222.170 5.970 -1.305 -0.412 2.050 -9.358 0.134
C26-0 Combo-8 248.782 -18.104 5917 -0.412 -0.831 7.388 0.469
C26-0.4 Combo-8 236.340 -18.104 5917 -0.412 -3.200 14.639 0.517
C26-0.4 Combo-8 236.340 5.970 -1.305 -0.412 -3.200 14.639 0.517
C26-2.25 Combo-8 229.946 5.970 -1.305 -0.412 -0.824 3.777 0.405
C26-4.5 Combo-8 222.170 5.970 -1.305 -0.412 2.050 -9.358 0.134
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Element F1 F2 F3 M1 M2 M3 DCR
x1-01 Combo-1 -161.638 36.512 -2.984 -7.599 -41.567 -12.008 0.163
x1-01 Combo-1 -161.638 36.512 -2.984 -7.599 -41.567 -12.008 0.163
x1-01 Combo-2 -151.561 2.145 9.450 2.101 -39.077 -11.421 0.146
x1-01 Combo-2 -151.561 2.145 9.450 2.101 -39.077 -11.421 0.146
x1-01 Combo-3 127.149 33.211 6.738 -9.668 31.117 9.577 0.131
x1-01 Combo-3 127.149 33.211 6.738 -9.668 31.117 9.577 0.131
x1-01 Combo-4 137.463 -1.171 19.212 0.032 33.666 10.196 0.114
x1-01 Combo-4 137.463 -1.171 19.212 0.032 33.666 10.196 0.114
x1-01 Combo-5 -160.310 35.215 -6.098 -7.840 -41.153 -11.779 0.158
x1-01 Combo-5 -160.310 35.215 -6.098 -7.840 -41.153 -11.779 0.158
x1-01 Combo-6 -150.228 0.845 6.339 1.863 -38.662 -11.191 0.148
x1-01 Combo-6 -150.228 0.845 6.339 1.863 -38.662 -11.191 0.148
x1-01 Combo-7 128.346 31.915 3.611 -9.910 31.499 9.809 0.130
x1-01 Combo-7 128.346 31.915 3.611 -9.910 31.499 9.809 0.130
x1-01 Combo-8 138.663 -2.470 16.089 -0.208 34.048 10.430 0.153
x1-01 Combo-8 138.663 -2.470 16.089 -0.208 34.048 10.430 0.153
x1-02 Combo-1 -172.272 -17.301 19.356 3.300 -43.162 -11.816 0.152
x1-02 Combo-1 -172.272 -17.301 19.356 3.300 -43.162 -11.816 0.152
x1-02 Combo-2 -161.087 -27.499 29.783 5.081 -40.482 -7.346 0.131
x1-02 Combo-2 -161.087 -27.499 29.783 5.081 -40.482 -7.346 0.131
x1-02 Combo-3 154.623 -16.619 18.615 2.376 39.001 -2.531 0.136
x1-02 Combo-3 154.623 -16.619 18.615 2.376 39.001 -2.531 0.136
x1-02 Combo-4 166.063 -26.887 29.106 4.160 41.746 1.955 0.136
x1-02 Combo-4 166.063 -26.887 29.106 4.160 41.746 1.955 0.136
x1-02 Combo-5 -171.742 -13.090 13.512 1.986 -43.136 -11.049 0.158
x1-02 Combo-5 -171.742 -13.090 13.512 1.986 -43.136 -11.049 0.158
x1-02 Combo-6 -160.543 -23.288 23.944 3.769 -40.453 -6.577 0.137
x1-02 Combo-6 -160.543 -23.288 23.944 3.769 -40.453 -6.577 0.137
x1-02 Combo-7 155.002 -12.403 12.833 1.040 38.986 -1.758 0.142
x1-02 Combo-7 155.002 -12.403 12.833 1.040 38.986 -1.758 0.142
x1-02 Combo-8 166.454 -22.672 23.328 2.825 41.733 2.729 0.142
x1-02 Combo-8 166.454 -22.672 23.328 2.825 41.733 2.729 0.142
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