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Extended Abstract
Introduction

The design and construction of major engineering structures, such as reservoir dams, requires a comprehensive
understanding of the geomechanical characteristics of the in-situ rock mass. The Haraz Dam site is located in
Mazandaran Province, approximately 25 kilometers south of Amol city, on the main branch of the Haraz River. The
dam is an earth-fill structure with a clay core, with a height of 125 meters and a reservoir capacity of 230 million
cubic meters at the normal water level. This study aims to assess rock mass quality using established engineering
classification systems and to estimate relevant geomechanical parameters to facilitate slope stability analysis and
ensure the safe design of the Haraz Dam.

Materials and Methods

Engineering geological data were collected through field surveys and the drilling of 14 exploratory boreholes. To
determine the geomechanical parameters of the rock mass, a series of laboratory tests—including Uniaxial
Compressive Strength (UCS) and Triaxial Compression tests—were conducted on core samples in accordance with
the recommendations of the International Society for Rock Mechanics (ISRM) and the standards ASTM D2938-95
(2002) and ASTM D2664-04. Rock mass classification was performed using both the Rock Mass Rating
(RMR) and Geological Strength Index (GSI) systems.

From a geological perspective, the study area is located within the central Alborz zone. The dominant lithological
unit at the dam site is the Elika Formation, consisting of limestone, marly limestone, dolomite, and shale. Two major
faults, Chelav and Kelerd, have been identified in the area. The Chelav thrust fault, trending northwest-southeast, is
located in the reservoir's head area. The Kelerd Fault is situated approximately 2 km to the north.

In the dam's right abutment, four discontinuities are present: bedding and three joint sets—J1 (dip/dip direction:
46/238), J2 (82/094), J3 (41/139), and bedding (68/005). The left abutment features three discontinuities: bedding
and two joint sets—J1 (61/236), J2 (63/102), and bedding (65/357). The persistence of these joints ranges from very
low (<1 m) tolow (I1-3 m), and occasionally medium (3—10 m), while spacing is generally close (6-20 cm)
to medium (20-60 cm). The joints are predominantly closed to slightly open.

Results and Discussion

To evaluate mechanical behavior, Uniaxial Compressive Strength (UCS), Elastic Modulus, and Poisson's Ratio were
measured on samples from various boreholes under both dry and saturated conditions. The results consistently
showed lower UCS values under saturation across all rock units, confirming the weakening effect of water. The
lowest average UCS was observed in the Pn unit (9 MPa under saturation), with a high coefficient of variation
(0.87), indicating significant heterogeneity within this sandy limestone-shale-siltstone unit. In contrast, the T1-DL4
unit exhibited a relatively high average elastic modulus under saturation, suggesting favorable mechanical quality.
The highest Poisson's ratio was recorded in the Pn unit, likely due to its higher plasticity or deformability.

v


https://sanad.iau.ir/journal/tsws

Technical Strategies in Water Systems
https://sanad.iau.ir/journal/tsws

ISSN (Online): 2981-1449

Autumn 2025: Vol 3, Issue 3, 267-284
https://doi.org/10.82185/tsws.2025.1221840

Triaxial tests under saturated conditions were conducted on selected samples to estimate shear strength parameters and
constants for the Hoek-Brown failure criterion. The T1-SL unit demonstrated excellent mechanical performance under
various confining pressures, with some samples exceeding 117 MPa in UCS. The triaxial results confirmed the
dependency of rock strength on confining pressure and highlighted that, while most units exhibit good intact strength,
discontinuities and bedding planes significantly reduce the rock mass strength locally. The mi constant for the Hoek-
Brown criterion was calculated for each lithological unit based on UCS and triaxial test data to ensure reliable design
parameters. Engineering classification yielded GSI values ranging from 3545 to 52+5, based on lithology, structure, and
joint surface conditions. The Pn unit was rated the poorest, while T1-DL4 showed the highest rock mass quality. RMR
values for all studied units ranged between 30 and 47, classifying the rock mass as "Poor" to "Fair" according to
Bieniawski’s system. The lowest RMR (30) was assigned to the Pn unit, reflecting the weakest conditions, while the
highest (47) was for the T1-DL4 unit, representing the best relative quality at the site. Based on the classification and
laboratory results, the shear strength parameters of the dam foundation rock masses were estimated using the Hoek-
Brown method. The highest cohesion and internal friction angle were observed in the T1-SL unit, indicating superior
shear strength and stability potential within the dam foundation.

Conclusion

The results demonstrate that water saturation considerably reduces the mechanical strength of the rock, particularly in
the Pn unit. Triaxial tests revealed a clear confining pressure-dependent increase in shear strength, with the T1-SL unit
exhibiting the highest and the Pn unit the lowest strength. The estimation of Hoek-Brown parameters and classification
via the RMR and GSI systems indicate that most foundation rock units fall within the "Poor" to "Fair" categories, which
is consistent with other structural and geomechanical assessments.
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Fig. 1. Location and geological map of the Haraz reservoir dam site
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Fig. 2. Right photo:

Left photo: Limestone-Dolomite unit of the Elika Formation in the left abutment of the dam (view to the west).
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Table 3. Results of uniaxial compressive strength tests in dry and saturated states
(Mahab Ghods Consulting Engineers Company, 2014)
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Table 4. Results of triaxial tests on the rock units at the Haraz dam site
(Mahab Ghods Consulting Engineers Company, 2014)

o1 03 1 o1 03 S anly o1 o3 A1
(MPa) (MPa) & (MPa) (MPa) (MPa) (MPa) .
BV Y/0 LY/ +/0 VY/YA Y
AV/VO /e 08/ Y \/0 L\ AnY Y
YoVAY A0 \2Va\ Y/0 IAVARY \
/AL Y VAT Y £9/1Y o/Y
AVAY ) Yy VO OV/AY Y/0
Yo v JAY % 9 ) Y¢/oV +/0
6/7 Y/0 0 Y Y/4Y \/0
- TI1-DL1
VY/VY § T1-DL3 ¢ Y 0+/\1 Y
AY/VA 0/0 T1-DL2 LY \/0 vy Y
0Y/YA Y oy Y/0 VY \
N T1-ML1
44/44 2 a\e Y/0 & oV/VY Y
\Y\/00 1 Ye/0 Y/0* T1- Vo/XY ¥
T —— DLM1
LA/ Y Y ACVAR Y0¥ \a \/0
_ T1-SL
Va/+ 0 ¢ A/ A 0/0% OV/¢A Y/0
YYY/YA b YE/)) Y* Vi /AQ Y/0
YV/VY o* 41/4Y 0
£VVA V¥ AANZX) v/o
1V/a)N Y/0* va/41 Y
=y gl S 13
O SR ien YW g AV/F g
o J..al;— slael 1 . caslesls
) ARVIA o/0* 48 /AY !
LAQ‘)')@J}.\:J&&MUJAA
_ ) ovAY A\ NVo¥ YA/OA +/0
))ﬁ&déb&{lj))}‘ﬁ))
y/en Y/0* YY/r0 \
ANV ¢* Y/ Y \/0
.>JS ealaa!
oY/ y/0 VYo \
VYo Y T1-DL4 YE/YA Y
AA/A §/0 YY/Y Y

Yva



A TS L 50 Koo 0095 (Silogiy sl yiolyly oy

ol g Loggls

S S b pelyl =0 Jsax

Table 5. Intact rock constant parameters
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Fig. 5. Mohr circles envelope- Results of triaxial tests on intact rock samples
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Fig. 6. Geomechanical zoning of the foundation and abutments of Haraz Dam
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Table 7. Engineering classification ratings of rock masses at the Haraz dam foundation (RMR)

- Cond s Aol e cdS Ceples _
RMRS89 ) B . j INECI
e b Sl Sael ol S
vV ¢ q A VY ¢ T1-SL
v v " A v TI-ML1 & T1-
DLMI1
£Y v Ve A \Y d T1-DL3 & Ti-
DL2
£V 1 Vo A \Y 1 T1-DL4
¥ ¢ q A y Y Pn

Ko 035 (SlKa 555 sl 20l )b cpuans —F-Y-¥
Sy sy Dslie Sla il asS 5 o 5 a3 daSimes 55 ilige duail 5 AL LT b hlesl s 4 a5 L
2 LSy g Ay IS8 i e sls sl 3,800 Gl el=il Hoek & Brown (1997) 25, e 2 5l A
35 el 0 oslizul Hoek & Diederichs (2006) Jaw 5 ol wlyl Jal s, 31 oslizad U el 5,50 5 5 al&ilosl gla il

Caa&\o.,\.;db\u&we}j;éﬁv\g_dg‘;ﬁ:x:djlﬂjwﬁu}uﬂﬁ\)bJ)jTJ) GL’& (/\) d‘ﬁv\}

e g Ko 5 SO 55 e mll —A J s

Table 8. Geomechanical parameters of rock masses at the dam foundation
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