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Avoid Mitigate

eliminate cause of risk reduce probability or impact of risk

THREATS

Accept Transfer

contingency plans for risk have third party take on
responsibility for risk (Insurance)
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Evaluate Risk

Identify Risk Response Options

L
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Is activity just Can risk-reward |s risk-reward Is transfer of legal

not worth the be cost- balance responsibility or

risk? effectively acceptable, is it financial impact of
managed? tolerable? risk feasible?

¥

Evaluate Risk Response Options
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Stakeholder =
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Values

Mandatory
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6. Risk control RESIDUAL RISK

e Purerisk | - Existing controls.

[V o] ey Samy el a3 ¥ IS

[v+] osslol Jglam ) Jgor

Score Description Definition
1 Insgnificant No Injury or first aid treatment required
2 Mot Minof irjuries of minor exposure requiring medical sttenticn. No lost time
3 Moderale Disabiing injury of o | o Lost tme
4 Major Numbar of dsablites or dGisabiing Ciscase
3 Catastrophic Accodertal fatality of atallies of senous cccupational disease
Table 1: Severity rating (adopled from NOSA 2012 and modfed).
Scere Descrigtion Definition
1 Rare Rk consequence will only occur in exceptional circumstances
2 Urdikaly Rigk consagquence I8 not loaly 10 occur In @ year
3 PossbDio Rigk cONBOQUONCO May Ooour within o year
4 1L ooy Rk consequence could Mualy oocur a few Bmes per year
3 Amost coran The event is aimost Cortan 10 0oour within a month
Table 2: Probability rating (adopted from NOSA 2012 and modited)
Score Description Definition
1 Ainimal Only one employoe is affected (Minimal time of expasure)
2 Reatricted Mare than one empioyes may be aflected
3 Local 50'% of employees may be affected
4 Widespread. More than 50% of employees may be affecled
s Extensive. 100% of employees and Qeneral public may be affecled

Table 3: Exposure rating (adopted from NOSA 2012 and modified)

‘

1 Those that protect and conlrol the individual from exposure such as exposure to chemicals. E.g. Dust masks, safety shoes, hard hats elc.

Those thal are procedural and include non-engineering controls 10 alter the way work is done as means of ensuring sale work practices. Eg.
Procedures, work.nstructions, checks ups, g and %3 etc.

Those that imit the hazard by using engineening means. Includes designs or modif to plants and equipment. E.g. Bunding, Insuatng, Barmcading,
Filration sysiem)

Those that replace a companent 30 10 &void the hazare £.¢ Subsbtutng chemical X with another user inendly chemical
Those that compietely eliminate the hazard from the work place. therefore slmnating e risk consequence.

Table 4: Hierarchy of contral rating (adopted from NOSA 2012 and mecified).

M

o

Total score Level of significance Action Time frame
69 Metium Level of Conosin Misclium Within 8 Moniths

The interfion is lo reduce impacts 1o “ss low a5 reasonably practicable” (ALARP).
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Hazards In Operations Departments At SEC
12 1T

% of hazard
(=21 (=]

=

(V-] ailylomw 50 8 15 50 0ud plolids slacSiun, F o

[v-] Gilien loojem SuSis 4 Sl pué 9 Slpeo SloSn, Slows ¥ Jga

‘Departments Health and Safety Risks

, Fatal | Non-fatal
Generation . 9 _ 41
Transmission | 9 . 14
Distribution 42 65
TOTAL ' 60 ‘ 120
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Development of Critical Infrastructure Protection Managemém
System (CIPMS) in the generation, transmission and distribution of
electricity

! N H
H ( ) Analytical part - Design part - Implementation part 1
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Numerical value Assel value : Threat level _ Level of vulnerability
0 none or no unrated unlikely or unrated none or no unrated
1 low very unlikely low
2 insignificant unlikely insignificant
3 middie moderately likely middie
4 high very likely high
5 very high highly probable or certain very high
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Threats
—_—
1

3 £ 4 [}
§ & External Internal
=3 threats threats

-‘ Political threats I i Process (project) threats

‘1 Economic threats l

- Personnel threats

.1 Socal threats I
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Ultimate Bearing Capacity of Helical Piles as Electric Transmission Tower
Foundations in Unsaturated Soils: Analytical, Numerical, and
Experimental Investigations

Amir Akbari Garakani; Kay Armin Serjoie

ABSTRACT

In this paper, the compressive and tensile ultimate bearing capacity of helical piles, in
the load range required for designing 63-kV transmission towers are studied by conducting
analytical and numerical investigations. In this light, an explicit easy-to-use analytical
framework was developed by considering the unsaturated soil condition that was validated
against experimental records. Also, finite element models were constructed for fully
saturated and fully dry soil conditions. Then, to validate the analytical and numerical
solutions in fully saturated and fully dry soil conditions, three compressive and one tensile
field-tests were carried out, and the results were compared quantitatively with analytical
and numerical calculations. Comparative studies showed that the analytical, numerical and
experimental results have a high level of conformity. In accordance with the load ranges of
transmission towers, analytical parametric studies were conducted for different geometrical
aspects of the helical piles in different soils. Also, for two typical unsaturated sand and clay
soils, the ultimate load of helical piles were calculated versus matric suction. Moreover, a
vast numerical parametric study was performed to investigate the role of the geometrical
aspects of helical piles and soil characteristics on the load-transfer mechanism and ultimate
bearing capacity values for helical piles driven in sandy and undrained saturated clayey
soils. Results showed that the maximum load capacity of helical piles was occurred in a
matric suction less than that of a fully dry soil. In addition, the soil type and the
geometrical aspects of the helical pile were shown to have significant effects on the load-
displacement behavior and ultimate bearing capacity values.

Keywords: Helical pile, 63-kV transmission towers, unsaturated soils, field-test,
analytical solution, numerical simulation.

¥



é Gy St W05l (a5 05 8 panass 2lis
Al 27 VN 5l 5 Okl O ojled (28 Il

o
10.24200/130.2022.59000.3016 :(DOI) Jliuzs s 4wl %

Uleciwsigo [T SAriPTRNES

39516 Ol Bk oo ELA e S (19 b 33 S (Sibud” gl b dine
plul 3595 »

S5 S el 5 ol el (g ol Slslu o)l

N
3 PG Dl bl gams )b el 5 el (b s e Bl 51 (SUE la Sl 18 okl Jbe
s e s ana s s e G bl e e o (S s Ll sla s b (SoseeS
Jedo 3 pslie 5 S e (glajsliiS Bl 1 osdle o wanl 25015 o) S O man  SoonnS mlane sliaig
b 3 0 s ol 5 Sk s el g lsl e (36 s Ll b 53 O 608 0L oy a2 il sl
255 2 et Ghao e (8l Gl S G Ol e ol Gl ol S Bl 515
Lol 5 o ST olalae 3 Aol U el s 5dms sla olss 3o i) < mobr 03 b sl | (CBO) el
Jod r.:._.)j_ﬂld.x_uu_ﬂ ol Cl_:; oS Bl jalan; gdsles 531, S5 5 LS g Osmmen (S Sedany
Lead 55 05 SN gl 53 o ste 5 4 AV B (655 10 (o5l ATy (68 @ Ao s alS w536 ¢ Slnlons

s9doms JSlS s cplerl 5,55 5 gl s S e bt ((SULL pldl b Sl golul (Sl Olads”

¥y



éﬁW&\Aa}b 6":"“-9}3 e‘gjf 6L.'a.9| 6““:‘?‘"‘3}:’.“‘3&‘33}% ‘.J‘:J& ol L)

Check for
updates

Regional Multihazard Risk-Assessment Method for
Overhead Transmission Line Structures Based on
Failure Rate and a Bayesian Updating Scheme

Ali Asghar Zekavati'; Mohammad Ali Jafari®; and Amir Mahmoudi®

ABSTRACT

In this study, a new method for multihazard risk assessment of an overhead transmission
line grid located over a relatively large area is proposed. The main task of this method was
to assess annual risk for overhead transmission lines using failure rates estimated from
historical failure data and then modifying these estimated failure rates by reanalysis data
and a Bayesian updating scheme. For this purpose, a comprehensive database of structural
failures was collected for climatic, geologic, and man-made hazards to overhead
transmission lines. Risk denotes the probability of exceeding the sum of direct losses due to
repair costs of overhead transmission line components and indirect losses due to energy not
supplied or unplanned power-off after outages. The performance of the proposed method
was evaluated in a case study of a target area. The results showed that climatic hazards
contributed the most to total losses in the study area. Furthermore, when using indirect
losses to estimate the annual loss, the average annual loss may increase by up to about 45%
relative to direct losses, depending on the type of hazard. This demonstrates the importance
of investigating indirect losses from structural failures in the risk assessment of overhead
transmission lines.

Keywords: Overhead transmission line; Repair cost; Energy not supplied; Bayesian
updating; Multihazard risk assessment; Failure rate.
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