Bulletin of the Kazakh Leading Academy of Architecture and Civil Engineering. Ne2 (100), 2026. Architecture & Construction

UDC 625.143.5
IRSTI 73.29.11
RESEARCH ARTICLE

DYNAMICS OF APPLICATION AND COMPARATIVE ASSESS-
MENT OF INTERMEDIATE RAIL FASTENING SYSTEMS ON
REINFORCED-CONCRETE SLEEPERS OF

THE JSC «<NC KAZAKHSTAN TEMIR ZHOLY» NETWORK

B.N. Kuandykov' © , M.M. Alimkulov* ®, B. Apshikur? ®
A.K. Kunanbayev' **

, G.-A.R. Khalfin’ @

LALT University named after M. Tynyshbayev, 050012, Almaty, Kazakhstan
2D. Serikbayev East Kazakhstan Technical University, 070016, Ust-Kamenogorsk, Kazakhstan
3Tashkent State Transport University, 100060, Tashkent, Republic of Uzbekistan

Abstract. This article presents a comparative analysis of the distribution of intermediate rail
fastening systems installed on reinforced-concrete sleepers across the JSC «NC Kazakhstan Temir
Zholy» (JSC «NC KTZ») network, based on operational statistics for 2017 and 2025. Four principal
fastening system groups were examined: the KB-65 fastening system, clip-based SKL, GK1 systems,
ZhBR-65/ZhBR-65Sh fastening systems, and the KPP-5 anchor-type fastening system. The methodol-
ogy included a comparative assessment of track lengths by fastening type, a synthesis of technical
and regulatory characteristics, and an analytical calculation of longitudinal resistance to rail creep
and the rail "breathing™ zone for CWR track with KB-65 and SKL, GK1 systems. Between 2017 and
2025, the share of SKL, GK1 systems increased from 22.9% to 53.3% (+5,907.84 km), whereas the
share of KB-65 systems decreased from 52.3% to 30.6% (—909.43 km). The calculation showed that
the transition from KB-65 to SKL, GK1 systems increases longitudinal resistance to rail creep by
25%, from 14.72 to 18.40 kN/m, while reducing the rail "breathing" zone length by 20%, from 83.5
to 66.8 m. The findings confirm the transition towards resilient baseplate-free fastening systems and
substantiate the need for standardised diagnostics of the sleeper-fastening assembly. The obtained
results may be applied in selecting fastening systems for major track repair sections and in substan-
tiating measures to enhance the stability of CWR track on the JSC «NC KTZ» network.
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TEMIPBETOH IHIMAJIJIAPBIHAA KOJIJAHBLIATBIH
TEMIPKOJI APAJIBIK PEJBCTIK BEKITIEJEPIIH
KOJJAHBLTY JUHAMUKACHI MEH
CAJBICTBIPMAJIBI BAFAJIAHYBI

B.H. Kyanapixos' ® , M.M. Annmxynos* ® | B. Anumkyp? @ , A.C. Umankynosa' @,
A.K. Kynanoaes' © | I-A.P. Xanppun® @

M. Teiabnu6aes atsianarsl ALT VYuusepcurer, 050012, Anmatsl, Kazakcran
2]]. CepixOaeB ateranars! sFeic Ka3akcTan TeXHUKAIBIK YHHBEPCHTETI,
070016, Ockemen, Kazakcran

STarmkeHT MeMIeKeTTiK Komik yauBepcuteti, 100060, TamkenTt, O36excTan

Anparna. JKymvicma 2017 ocone 2025 ocoic. natioanrany cmamucCmuKacblHblY Oepekmepi
neeizinoe AK «¥K «KT)XK» acenicindeci memipbemon wnandapoa Koai0aHuliamsli apaiblk perbCmik
beximnenepoiy KoLOAHLLLY KYPbIIbIMbIHA CATILICMbIPMANbL manoay sxcypeizindi. Tepm neeizei scyiie
mobwl Kapacmuipwiiovl: Kb-65, SKL, GK1 scyiienepi, JKbBP-65/KBP-65111 scone KIIII-5. 3epmmey
a0ichamacwl beximne myprepi OOUbIHWLA JICON VHACKENEPIHIY Y3bIHOLIKMAPBIH CATbICIbIPMATbL
bazanayowl, onapobly MEXHUKALBIK HCIHE HOPMATNUGMIK CUNAMMAMATAPIH JICATNBLIAYOb, COHOAlL-
ax Kb-65 ocone SKL, GKI oacytienepimen ocabovikmanean y3ikciz JiCon Yulin penbCmiy OOUIbIK
JHCBLIIICYIHA  NO2OHOBIK KeOepIiHi  JICoHe «MbIHbICY YYACKECIHIY Y3bIHObIZbIH AHATUMUKATbIK
ecenmeyOi kammulovl. 2017-2025 owcorc. keseninoe SKL, GKI oscyiienepiniy yaeci 22,9%-0am
53,3%-2a oeuin ocmi (+5 907,84 kxm), Kb-65 yneci 52,3%-0an 30,6%-2a Oetiin azatiovt (—909,43
Kkm). Ecenmey namuocenepi Kb-65-men SKL, GKI ocyiienepine onmy no2oHowix kedepeini 25%-ea
ApMMbIPAMBIHGIL JCIHE «MBIHLICY YYACKECIHIY Y3blHObleblH 20%-2a KbiCKAPAMbIHLIH KOPCemmi.
Aman atimkanoa, noconovix kedepei 14,72-0en 18,40 kH/m-ce Oetiin apmaowl, an y3ikci3 iHconioviy
«MBIHBICY YUACKECIHIH Y3bIHObIebl 83,5-men 66,8 m-ee Oeliin Kbickapaovl. Anvinzan Hamudicenep AK
«¥K «KT)K» oscenicinde cepnimoi mabancols beximne wiewlimoepine Keuly ypoiciH pacmatiovl
JIcaHe  «wnana—boeximney MyUiniH OipblH2all OUACHOCMUKALAYOLIY Kadcemminiein He2i30elo.
Ecenmencen 14,72 scone 18,40 kH/m manoepi bexkimne KIUNCIHIH CmMaHOapm Kvicy Kyuli
Ke3inoezi penbc madaHvl MeH NPOKIAOKAHBIH YUKENiCIHeH MyblHOAUmMbIH OOULbIK KeOep2iHiy
KAUNCMIK (napyuanowvl) KYpayulblCblHa Catikec Keneoi.

Tyiiin ce3nep: pervcmix Oeximnenep;, memipbemon wnanoap;, Kb-65; SKL;, GKI; >KbP-
65/KBP-65111; KIIII-5; y3ixciz orcon; AK « ¥K « KT ».
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AKEJE3ZHOAOPOXHBIX TIPOMEKYTOUYHbBIX PEJIBCOBBIX
CKPEILUIEHUH HA KEJIE3OBETOHHBIX HIITAJIAX CETH
AO «HK «kKASAKCTAH TEMIP KOJIbI»
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STarmkeHTCKHi TOCYIapCTBEHHEIH TPAHCTIOPTHEIH YHUBEPCHTET,

100060, TamkenT, Peciy6nuka Y30ekucran

AHHOTamus. B pabome 6vbinoaHen CPAGHUMENbHBIL AHATU3 CIPYKMYPbL  HPUMEHEHUs.
NPOMEICYMOUHBIX PENbCOBbIX CKpennienull Ha dcenezobemonnvix wnanax cemu AO «HK «KT)K» no
dannvim dxcnayamayuonnot cmamucmuxu 3a 2017 u 2025 ee. Paccmompenvt wemvipe ocHogHble
epynnot cucmem: KB-65, kauncosvie cucmemor cemeiicmea SKL, GK1, JKBP-65/2KBP-65111 u KIIII-5.
Memooduxa exmouaem conocmasienue HPOMANCEHHOCMU —VYACMKO8 HO MUNAM  CKpenieHull,
0000Wenue NACNOPMHLIX U HOPMATMUGHBIX XAPAKMEPUCTIUK, a4 MAKJICe AHATUMUYECKUN pPACYém
NO2OHHO20 CONPOMUBTIEHUSI NPOOOJILHOMY COBUZY U ONUHBL YUACMKA «ObIXAHUSY OECCMbIKOGOU Niemu
ons cucmem KB-65 u cucmem SKL, GK1. 3a 2017-2025 2e. oons cucmem SKL, GKI svipocna ¢ 22,9%
00 53,3% (+5 907,84 xm), oons Kb-65 cnusunace ¢ 52,3% oo 30,6% (—909,43 km). Pacuém noxasan,
ymo nepexood om Kb-65 k cucmemam SKL, GKI ysenuuusaem nozoHunoe conpomusnenue na 25% — c
14,72 0o 18,40 kH/m — u cokpawaem Onuny yyacmka «ovixanusay niemu Ha 20% — ¢ 83,5 oo 66,8 m.
Pesynomamuvl noomeeposcoarom meHOeHYUuro nepexooa K 6ecnoOKIAO0OYHbIM YAPY2UM DeuleHUusm U
000CcHO8bIBAIOM  HEOOXOOUMOCTb  NPOBEOeHUs YHUDUUUPOBAHHOU OUASHOCMUKU V314 «WNAId—
ckpennienuey. Tonyuennvie pezyriomamol Mocym Obimb UCNOIb308AHbL NPU 8bLOOPE MUNOE CKPENieHUl
HA YYACMKAX KANUMATbHO20 PEMOHMA Nymu U npu 0OOCHOBAHUU MEPONPUSMUL 1O HOBBIULEHUIO
yemouyusocmu  6eccmoikosoco nymu cemu AO «HK «KT)K». Pacuémnvie 3nauenus 14,72 u
18,40 kH/m  coomseemcmeytom  KieMMHOMY  (NAPYUATLHOMY) KOMNOHEHm)  NO20HHO20
CONpOmMuUGIeHUs — Ccuie MpeHus NOOOUlBbl peibCcd NO NPOKIAOKe Npu CMAHOAPMHOU Cuie
npusicamus  kiemmol. Hopmamusnvle 3navenus 25-30xH/m (Kapnywenxo u op., 2009)
OMHOCAMC K NONHOMY CUCMEMHOM)Y CONPOMUBNEHUI0 NYMU, OCHOBHbIM MemooudecKum
pe3yIbmamom AGNaemcs OmHocumenvHulll npupocm xa 25% npu nepexooe Kb-65 — SKL,
GK1.

KuaroueBble cioBa: penvcogvie ckpeniienus, oscenezobemonnvie wnanwi;, Kb-65; SKL; GKI1,;
JKBP-65/KBEP-65111; KIIII-5; 6eccmuixogou nymv, AO « HK « KT)K».
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1 INTRODUCTION

Intermediate rail fastening systems are among the most heavily loaded components of the
railway track superstructure. They transmit vertical, lateral, and longitudinal forces generated by
rolling stock, maintain track gauge stability, and prevent longitudinal rail creep. In practice, howev-
er, rail fastenings often receive considerably less attention than rails or sleepers, because their oper-
ation remains largely unnoticed while the assembly functions properly. Problems usually become
apparent only after significant degradation of the fastening assembly has occurred.

As of 2025, the operational length of the railway network of JSC «NC Kazakhstan Temir
Zholy» (hereinafter referred to as JSC «NC KTZ») amounted to 16,008.5 km, of which 15,889.7 km
were equipped with continuously welded rail (CWR) track. The average traffic density was 23.3
million gross tonne-kilometres per kilometre of track per year [1]. Under such operating conditions,
the reliability requirements for the sleeper-fastening assembly increase substantially. High axle
loads and intensive traffic mean that even a partial loss of clamping force or loosening of threaded
connections can lead to increased track irregularities and accelerated development of defects.

Four principal groups of intermediate rail fastening systems are currently used on reinforced-
concrete (RC) sleepers across the JSC «NC KTZ» network: the KB-65 separate clip-and-bolt fas-
tening system; the ZhBR-65 and ZhBR-65Sh elastic direct-fixation fastening systems (hereinafter
collectively referred to as ZhBR-65/ZhBR-65Sh); the KPP-5 anchor-type baseplate-free fastening
system; and Vossloh SKL fastening systems and their GK1 functional counterparts (hereinafter re-
ferred to as SKL, GK1 systems). The KB-65 system has been in service since the 1960s and re-
mained the dominant fastening type for several decades, whereas SKL, GK1 systems have been
used on the JSC «NC KTZ» network since 1998 and their share has increased substantially over the
past decade.

Global railway practice demonstrates a sustained transition from conventional baseplate bolt-
ed fastening systems to resilient baseplate-free fastening systems. This trend is supported by field-
testing results [2; 3] and by life-cycle cost assessments of railway track superstructure components
[4; 5]. Issues related to the diagnostics and condition assessment of railway infrastructure compo-
nents within the JSC «NC KTZ» network have been addressed in a number of studies [6-8]. For
Kazakhstan, this issue is of particular importance because large temperature fluctuations, substantial
axle loads, and the extensive length of the railway network create specific operating conditions for
rail fastening systems.

However, no systematic quantitative analysis of the long-term evolution of fastening system
distribution across the JSC «NC KTZ» network has been reported in the open literature. Further-
more, the relationship between the observed structural shift in fastening system utilisation and the
calculated longitudinal resistance characteristics of CWR track for the specific fastening systems
employed in Kazakhstan has not yet been established. This research gap provides the basis for the
present study.

The aim of this study is to conduct a quantitative analysis of the application dynamics of in-
termediate rail fastening systems on reinforced-concrete sleepers across the JSC «NC Kazakhstan
Temir Zholy» network for the period 2017-2025, to perform a comparative calculation of longitu-
dinal resistance and continuously welded rail stability parameters for the KB-65 and SKL, GK1 sys-
tems, and to substantiate further development and diagnostic directions for the sleeper-fastening as-
sembly under Kazakhstan's operating conditions.

The scientific novelty of this study lies in: (1) the first quantitative assessment of the structur-
al shift in the application of intermediate rail fastening systems on reinforced-concrete sleepers
across the JSC «NC KTZ» network for the period 20172025, based on verified operational statis-
tics; (2) the first systematic linkage between the operational statistics and the calculated relative
change in the longitudinal resistance to rail creep (clip-friction partial component) for the predomi-
nant fastening systems (KB-65 and SKL, GK1); (3) the substantiation, based on the combined sta-
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tistical and analytical results, of the need for a unified diagnostic system for the sleeper-fastening
assembly, linked to fastening type, line classification, climatic zone, and cumulative gross tonnage.

2 MATERIALS AND METHODS

Global railway practice demonstrates a sustained transition from baseplate bolted fastening
systems to resilient baseplate-free fastening systems. Bochkarev and Lapushkin [5] reported that re-
silient fastening systems reduce track maintenance labour requirements and mitigate dynamic loads
acting on sleepers compared with the KB-65 fastening system. Based on railway sections in Siberia,
Karpuschenko et al. [9] confirmed that the application of resilient fastening systems lowers routine
track maintenance costs and reduces the rate of track geometry deterioration. Chudyba et al. [2] ex-
perimentally demonstrated that the clamping force of an SKL clip depends not only on tightening
torque but also on the thickness and stiffness of the rail pad. Long-term degradation of SKL15 clips
was investigated by Choi et al. [11], who reported a significant reduction in clamping force after 16
years of service.

The reliability of the sleeper-fastening assembly has been investigated in a number of analyti-
cal and numerical studies. Berezin et al. [12] developed and validated a finite-element model of the
ZhBR-65 fastening clip, achieving a stiffness prediction error of 4%. Based on a review of interna-
tional experience, Solomatin [10] identified the resilient clip as the most critical component of the
fastening assembly and highlighted the absence of a standardised methodology for estimating its
service life. Kuznetsova [13] demonstrated that the type and condition of intermediate rail fasten-
ings significantly influence the development of rolling contact fatigue defects in rails. Kosenko et
al. [4] demonstrated the economic advantages of resilient fastening systems through life-cycle cost
assessments of railway track superstructures.

Under JSC «NC KTZ» operating conditions, Zhangabylova [14] employed vibrodiagnostic
techniques to compare the performance of ZhBR-65Sh, KPP-5, Pandrol, and VVossloh SKL-14 fas-
tening systems on sections of the Almaty Railway and demonstrated the superior vibration attenua-
tion performance of resilient systems within the rail-sleeper system. Kvashnin et al. [15] further
confirmed the more favourable dynamic characteristics of the Pandrol fastening system compared
with KPP-5 under field conditions. Zhangabylova et al. [16] recorded normative clamping forces of
KPP-5 clips on the Ulenty-Boshakol railway section; however, the measurements were obtained
during a single inspection campaign and did not include an assessment of long-term degradation.

Thus, existing publications have examined individual rail fastening systems and their perfor-
mance characteristics. However, a quantitative assessment of the structural shift in fastening system
distribution across the entire JSC «NC KTZ» network during 2017-2025, as well as its relationship
with the longitudinal resistance characteristics of CWR track, has not been reported in the open lit-
erature. Addressing this gap constitutes the subject of the present article.

2.1 Statistical Database and Selection Criteria

The study is based on data on the length of CWR track installed on reinforced-concrete
sleepers across the JSC «NC KTZ» network, classified by type of intermediate rail fastening system
for two reference years, 2017 and 2025. The 2025 data were obtained from a report of the Mainline
Network Directorate of JSC «NC KTZ», presented at the 6th Eurasian Forum on Transport Safety
and Digitalisation [1]. The 2017 data were derived from the doctoral dissertation research of
Zhangabylova [14].

The 2025 data were obtained from the official report of the Mainline Network Directorate of
JSC «NC KTZ», presented as a plenary paper at the 6th Eurasian Forum on Transport Safety and
Digitalisation held at ALT University named after M. Tynyshbayev on 3 October 2025 [1]. The da-
ta cover the entire 1520 mm gauge network of JSC «NC KTZ» (operational length 16 008.5 km, in-
cluding 15 889.7 km of CWR track). Kilometrage was accounted for by aggregating the lengths of
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track sections classified by intermediate fastening system type, based on the operational records of
the track maintenance districts.

The analysis included fastening systems installed on reinforced-concrete sleepers with a
share of at least 2% of the total track length, while fastening systems used on timber sleepers were
excluded. To ensure statistical consistency, Vossloh SKL clip-based fastening systems and GK1
counterparts were combined into the "SKL, GK1 systems™ group due to their common design prin-
ciple: resilient baseplate-free rail fastening using a W-shaped clip. ZhBR-65 and ZhBR-65Sh fas-
tening systems were grouped together as structurally equivalent systems. Pandrol Fastclip systems
(76.91 km; 0.48%) and dowel-type fastening systems (3.33 km; 0.02%) were excluded from the
analysis because their share of application did not meet the selection threshold. The grouping is per-
formed by structural type, not by manufacturer; GK1 is a functional analogue of the Vossloh SKL
family, developed and manufactured in Kazakhstan for the operating conditions of JSC «NC KTZ».
A detailed comparative analysis of individual structural modifications (SKL-14, SKL-15, and
GK1/GRM AY1) is a subject for future research.

2.2 Technical Characteristics of Rail Fastening Systems

For the comparative evaluation of the fastening systems, technical and regulatory parameters
were compiled from GOST 16277-2016, GOST 33186-2014, ST RK EN 13481-2-2012, and the
corporate standards of JSC «NC KTZ» [17-20]. The principal characteristics of the fastening sys-
tems are summarised in Table 1, while their structural configurations are illustrated in Figure 1.

Table 1 - Principal structural and operational characteristics of intermediate rail fastening systems

SKL, GK1 ZhBR-65/ZhBR-

- Parameter KB-65 systems 65Sh KPP-5
1  Sleeper type Shl Type HI Sh3 SB3-2
2 SI\Il:;gﬁr pog‘scomponents per 21 9 19 7
3 Assembly weight, kg 12.94 1.55 4.68 2.66
4 Steel consumption, kg 10.3 1.49 4.68 2.33
5  Tightening torque, N-m 180-200 180-200 180-200 -

6  Clamping force, kN - 10 10 10
7 Gauge adjustment, mm - +10 - -
8  Axleload, t/axle 25 25 25 25
9  Cost per set, KZT 49 215 26 270 26 360 22 189
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b

Figure 1 - Structural configurations of the principal rail fastening systems installed on reinforced-concrete sleepers in
the JSC «NC KT2Z» network: (a) KB-65; (b) ZhBR-65/ZhBR-65Sh; (c) SKL, GK1 systems; (d) KPP-5
[Authors' material]

The KB-65 fastening system is a conventional separate fastening assembly incorporating
two layers of pads and providing high resistance to rail creep; however, it requires regular retighten-
ing of approximately 16,000 threaded connections per kilometre of track. SKL, GK1 systems are
classified as low-maintenance resilient fastening systems with a design service life of 40 years and
the capability for track gauge adjustment. ZhBR-65/ZhBR-65Sh fastening systems provide resilient
behaviour of the fastening assembly while requiring less steel than the KB-65 system. The KPP-5
fastening system is an anchor-type baseplate-free assembly incorporating a cast-in AZ-2 anchor and
containing no threaded connections.

2.3 Analytical Calculation Methodology

The analytical calculations were performed for the KB-65 and SKL, GK1 systems, as these
systems are the primary drivers of the structural shift observed across the JSC «NC KTZ» network.
In 2025, their combined share accounted for 83.9% of the total track length, while their contrasting
trends — a reduction of 909.43 km for KB-65 and an increase of 5,907.84 km for SKL, GK1 systems
— constituted the dominant pattern during the study period. Calculations for the ZhBR-65/ZhBR-
65Sh and KPP-5 fastening systems are considered a subject for future research.

The longitudinal thermal force in a continuously welded rail track is calculated using Equa-
tion (1):

NT=E-A-a-AT (1)

where:

N — longitudinal thermal force in the continuously welded rail, kN;
E — modulus of elasticity of rail steel, 2.1x10° MPa;

A-— cross-sectional area of the R65 rail, 8 265 mm?;
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a— coefficient of linear thermal expansion of steel, 1.18x107° °C;
AT- design temperature differential adopted for Kazakhstan's operating conditions, 60 °C.
Substitution of the above values into Equation (1) gives:

Nr=21-10°-8,265-1.18-10°- 60 = 1,228.8 kN
The longitudinal resistance to rail creep is determined using Equation (2):
r=(c-pn-Na)/a (2)

where nq = 2 is the number of clips per rail fastening assembly;

w is the coefficient of friction between the rail foot and the rail pad (p = 0.40 for KB-65 and p
= 0.50 for SKL, GK1 systems, according to manufacturers' specifications);

Na = 10 kN is the standard clamping force of a single clip; and a = 0.5435 m is the sleeper
spacing corresponding to a sleeper density of 1,840 sleepers per kilometre.

The calculated values of longitudinal resistance are:

rks = (2 - 0.40 - 10) / 0.5435 = 14.72 KN/m
rskLeki = (2 - 0.50 - 10) / 0.5435 = 18.40 KN/m

The length of the rail "breathing™ zone is calculated using Equation (3):

L=Nr/r 3)
Lkg =1,228.8/14.72=83.5m
Lski,ek1=1,228.8/18.40 = 66.8 m

A comparative assessment of the calculated parameters for the two fastening systems is pre-
sented in Section 3.

3 RESULTS AND DISCUSSION

3.1 Evolution of Fastening System Distribution Across the JSC «NC KTZ» Network (2017-2025)

According to the statistical data of JSC «NC Kazakhstan Temir Zholy», a substantial redistri-
bution in the application of intermediate rail fastening systems installed on reinforced-concrete
sleepers occurred during the study period (Table 2).

Table 2 - Track lengths equipped with the principal rail fastening systems on reinforced-concrete sleepers across the
JSC «NC KTZ» network (2017 and 2025)

Ne  Type of fastening system 2017, km 2017, % 2025, km 2025, % Change, km
1 KB-65 5749.40 52.3 4839.97 30.6 —909.43

2 SKL, GK1 systems 2520.40 22.9 8428.24 53.3 +5907.84
3 ZhBR-65/ZhBR-65Sh 1908.50 17.4 1740.18 11.0 —168.32

4 KPP-5 813.60 7.4 801.08 5.1 —-12.52

5 Total 10 991.90 100.0 15 809.47 100.0 +4 817.57

Note: 2017 data are from Zhangabylova [14]; 2025 data are from Tulepbergenov [1]. Only fastening systems with a
share of at least 2% of the total track length were included in the analysis.
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Figure 2 - Track lengths by fastening system group across the JSC «NC KTZ» network in 2017 and 2025
[Authors' material]

The most pronounced growth was observed for the SKL, GK1 systems, with the track length
equipped with this fastening group increasing by 5,907.84 km and its share rising from 22.9% to
53.3%. In contrast, the track length incorporating the KB-65 fastening system decreased by 909.43
km, while its share declined from 52.3% to 30.6%. The ZhBR-65/ZhBR-65Sh and KPP-5 systems
maintained relatively stable levels of application, with moderate reductions in track length of
168.32 km and 12.52 km, respectively. The evolution of the fastening system distribution over the
study period is illustrated in Figure 2.

The cumulative increase in the length of track sections included in the analysis amounted to
4,817.57 km, reflecting the overall expansion of CWR track on reinforced-concrete sleepers
throughout the JSC «NC KTZ» network over the study period.

3.2 Results of the Calculation of Longitudinal Resistance and Rail "Breathing™ Zone Length
The results of the analytical calculations performed using Equations (1)-(3) for the KB-65 and
SKL, GK1 systems are summarised in Table 3.

Table 3 - Results of the comparative calculation of continuously welded rail parameters

Ne I SKL, GK1

Parameter B-65 systems nit Remarks
1 Rail cross-sectional area A 8 265 8 265 mm? R65 rail
Design temperature differential, AT 60 60 °C Kazakhstan operating conditions
3 Thermal force, Nt 22}3 8 1228.8 kN Calculated using Equation (1)
Coefficient of friction, p 0.40 0.50 - Manufacturers' specifications
Clamping force, Ng 10.0 10.0 kN  Standard requirements
trc;r;gltl;dmal resistance to rail 14.72 18.40 kN/m Calculated using Equation (2)
! Rail "breathing" zone length, L 83.5 66.8 m éa)llculated using Equation
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Figure 3 - Longitudinal resistance to rail creep for the KB-65 and SKL, GK1 systems [Authors' material]
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Figure 4 - Rail "breathing" zone length of CWR track for the KB-65 and SKL, GK1 systems [Authors' material]

The calculated values of 14.72 and 18.40 kN/m correspond to the clip-friction partial compo-
nent of the longitudinal resistance, which characterises the contribution of the rail-foot-to-pad fric-
tion under the standard clamping force of the fastening clip. It should be noted that the normative
values of 25-30 kN/m reported in [22] refer to the total system resistance of the track structure,
which additionally includes the ballast contribution, sleeper—ballast friction, and inertial response of
the entire system. Accordingly, the principal methodological result of the present calculation is the
relative increase of 25% in the clip-friction partial component during the transition from the KB-65
to the SKL, GK1 systems (from 14.72 to 18.40 kN/m), while the absolute assessment of total sys-
tem resistance, including the ballast contribution, is a subject for future research. As a consequence
of the increased longitudinal resistance, the rail breathing zone length decreases from 83.5 to
66.8 m, reducing the length of rail subject to unrestricted longitudinal displacement.

The reduction in the length of the movable rail section indicates that, under the same thermal
loading conditions, rail deformations are concentrated over a shorter distance. This reduces the risk
of rail creep and improves the longitudinal stability of CWR track. These findings are consistent
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with recommended longitudinal resistance values of at least 25-30 kN/m for CWR track [22] and
confirm the structural advantages of resilient fastening systems under high axle loads and substan-
tial temperature variations characteristic of Kazakhstan's operating conditions.

3.3 Discussion

The observed structural shift in favour of SKL, GK1 systems can be attributed to a combina-
tion of technical and organisational factors. From a technical perspective, SKL, GK1 systems pro-
vide more resilient behaviour of the fastening assembly, reduce maintenance labour requirements
due to the absence of threaded connections, and allow track gauge adjustment of up to 10 mm. In
addition, the cost of a fastening set per sleeper for SKL, GK1 systems is approximately half that of
the KB-65 system (according to data from domestic suppliers, 2025), providing an additional eco-
nomic incentive during track reconstruction and major renewal works. The decline in the use of
KB-65 fastenings has been further accelerated by the discontinuation of serial production of Shl-
type sleepers.

From an operational perspective, the transition to SKL, GK1 systems requires enhanced
monitoring of the polymeric and resilient components of the fastening assembly, as their degrada-
tion directly affects clamping force and fastening stability. Previous studies have shown that resili-
ent components of clip-based fastening systems are susceptible to degradation during service life
[11]. Under the sharply continental climatic conditions of Kazakhstan, this necessitates systematic
monitoring of the sleeper-fastening assembly. The effects of vibrodynamic loading on the condition
of the track subgrade and track components under JSC «NC KTZ» operating conditions have also
been examined by Apshikur et al. [21].

The ZhBR-65/ZhBR-65Sh and KPP-5 fastening systems continue to occupy a limited applica-
tion niche without exhibiting significant growth, reflecting their specialised role within the JSC
«NC KTZ» network. The findings of this study confirm the global trend towards resilient baseplate-
free fastening systems [2; 5] and, for the first time, provide a quantitative assessment of its scale
across the JSC «NC KTZ» network. To support the selection of fastening systems based on reliabil-
ity and life-cycle performance criteria, it is necessary to establish a unified defect recording and
monitoring system for the sleeper-fastening assembly, linked to fastening type, line classification,
climatic zone, and cumulative gross tonnage.

4 CONCLUSIONS

1. During 2017-2025, a substantial structural shift occurred in the distribution of in-
termediate rail fastening systems installed on reinforced-concrete sleepers across the JSC «NC
KTZ» network. The share of SKL, GK1 systems increased from 22.9% to 53.3% (+5,907.84 km),
whereas the share of the KB-65 fastening system declined from 52.3% to 30.6% (—909.43 km). The
ZhBR-65/ZhBR-65Sh and KPP-5 systems maintained relatively stable levels of application, with
only moderate reductions in track length.

2. The analytical assessment demonstrated that the transition from the KB-65 fastening
system to SKL, GK1 systems increases longitudinal resistance to rail creep by 25%, from 14.72 to
18.40 kN/m, while reducing the rail "breathing” zone length of CWR track by 20%, from 83.5 to
66.8 m. These results indicate an improvement in the longitudinal stability of the track structure.

3. The identified trend is consistent with the global transition towards resilient
baseplate-free fastening systems and is quantified for the first time for the JSC «NC KTZ» network
on the basis of verified operational data covering an eight-year period.

4. On mainline railway corridors subjected to high axle loads and significant tempera-
ture variations, priority should be given to the application of SKL, GK1 systems, provided that
strict control is maintained over installation quality, anchoring condition, and the clamping perfor-
mance of fastening clips.
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5. For track sections where KB-65 fastening systems remain in service, enhanced moni-
toring of threaded connection tightening and the condition of the sleeper anchorage zone is recom-
mended, accompanied by gradual replacement during major track renewal works.

6. The informed selection of rail fastening systems based on reliability and life-cycle
performance criteria requires the establishment of a unified defect recording and monitoring system
for the sleeper-fastening assembly, linked to fastening type, line classification, climatic zone, and
cumulative gross tonnage.
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