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Abstract: This paper considers an approach to improving the service performance of fiberglass composite pipe-
lines under seismic conditions by modifying the thermosetting binder with plasticizing and toughening additives 
aimed at increasing fracture toughness and reducing the material’s tendency to brittle failure under alternating-
sign and impulse actions. The relevance of the study is driven by the fact that conventional pipeline materials 
(steel, reinforced concrete) have significant limitations when operated in seismically hazardous regions, whereas 
fiberglass reinforced plastics manufactured by continuous filament winding are characterized by high specific 
strength, corrosion resistance, and durability, but often demonstrate linear-elastic behavior up to failure. The ob-
ject of the study was fiberglass composite pipes with a three-layer wall (surface, structurally reinforced, and liner 
layers). The following binder modifiers were considered: Polyplex; a modifier produced by JSC “Poliplast” 
(PoliPlast M); and a powder impact modifier of the “core–shell” type Clearstrength® XT100, introduced in dif-
ferent mass percentages. For each formulation, a series of repeated measurements was performed to ensure com-
parability and statistical evaluation of the results. The experimental program included determination of the initial 
specific ring stiffness and resistance to initial ring deflection, the initial hoop tensile strength and tensile modu-
lus, the initial axial tensile strength and tensile modulus, as well as Charpy impact toughness in accordance with 
the applicable standards. Based on the combined indicators, the necessity for multi-criteria selection of binder 
composition is discussed, enabling preservation of the design stiffness–strength characteristics while improving 
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INTRODUCTION 
 
Modern trends in construction are characterized 
by continuously increasing complexity of archi-
tectural, planning, and structural solutions, driv-
en by growing economic and social require-
ments. Under these conditions, the task of en-
suring comprehensive safety of buildings and 
structures becomes particularly relevant; it goes 
beyond accounting for individual extreme ac-
tions and requires considering their combina-
tions [1, 2]. The importance of the present re-
search is additionally  by the im-
plementation of the national project “Infrastruc-
ture for Life” [3], aimed at modernizing and im-
proving the reliability of engineering and 
transport infrastructure facilities, including wa-
ter supply, wastewater disposal, and other pipe-
line networks, whose serviceability largely de-
termines the resilience of territorial systems. 
For pipeline systems, which are critical infra-
structure elements, the issue of combined ac-
tions is especially important. The high seismici-
ty of a significant part of the territory of the 
Russian Federation (more than 26% of the area, 
including the Caucasus, Crimea, Altai, Sayan 
Mountains, Transbaikalia, Kamchatka, and the 
Kuril Islands) creates prerequisites for the reali-
zation of various scenarios of extreme impacts 
[4]. Statistical data confirm that regions with 
high seismic activity show an increased fre-
quency of technogenic accidents, including 
damage to pipeline systems [5]. 
Traditional materials for pipelines—steel and rein-
forced concrete—have several serious disad-
vantages under seismic conditions: high mass, 

susceptibility to brittle fracture, and low corrosion 
resistance [6]. Composite materials, in particular 
fiberglass reinforced plastics manufactured by 
continuous filament winding, represent a promis-
ing alternative combining high specific strength, 
corrosion resistance, and durability [7–10]. 
However, conventional epoxy and polyester fiber-
glass composites are characterized by predomi-
nantly linear-elastic behavior up to the moment of 
brittle failure. This means that under complex al-
ternating-sign and impulse loads typical of earth-
quakes, such structures cannot effectively redis-
tribute peak stresses through plastic deformations, 
which increases the probability of sudden cata-
strophic failure [11]. In this context, the impact 
toughness becomes a critical controlled parameter, 
since it reflects the material’s energy absorption 
capacity under dynamic loading and its resistance 
to crack initiation and unstable crack propagation. 
Consequently, ensuring a stable and sufficiently 
high level of impact toughness is essential for pre-
venting the transition from local damage accumu-
lation to rapid, brittle, and system-level failure in 
seismic conditions. 
Specialized studies on the seismic stability of 
pipelines are presented in [12–21]. The authors 
established that the main earthquake-related 
damage mechanisms for polymer composite 
pipelines are associated with: 
 Stress concentrations in joint and branch 

zones [17]; 
 Failure under bending deformations [18]; 
 Loss of stability (buckling) of the pipe wall 

under compression [19]; 
 Fatigue failure under repeated cyclic actions 

[20, 21]. 
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Study [22] raised the issue of predicting the 
physical and mechanical properties of polymer 
materials. The authors described a property pre-
diction methodology; however, optimal compo-
sitions were not determined. 
Thus, it is necessary to develop a composite 
pipe material with enhanced resistance to im-
pact cyclic loads, while maintaining the required 
stiffness and strength characteristics for safe op-
eration under combined extreme actions. 
 
 
MATERIALS AND METHODS 
 
The investigated object — a fiberglass compo-
site pipe—consists of the following main com-
ponents: 
 Binder: unsaturated polyester resin on an 

orthophthalic base (PN-1 grade), isophthal-
ic base (Depol X-400 grade), or vinyl ester 
base (Divinyl 911 grade); 

 Reinforcement: fiberglass in the form of 
continuous and chopped E, ECR rovings; 

 Filler: enriched quartz sand of grade VS-
050-1; 

 Plasticizer. 
A plasticizer is a substance thermodynamically 
compatible with a polymer that reduces the den-
sity of intermolecular interactions in the poly-
mer phase. This additive makes polymer materi-
als less brittle and more ductile. 
The following plasticizers were considered: 
 Polyplex — a flexible unsaturated polyester 

resin modifier for UPR matrices. 
 Clearstrength® XT100 (Arkema) — a 

powder “core–shell” impact modifier for 
thermosetting binders. 

 Flexible isophthalic UPR resin modifier 
(JSC “Poliplast”) — an isophthalic unsatu-
rated polyester resin modifier for thermo-
setting binders used in continuous winding 
(PoliPlast M). 

In addition, a number of auxiliary components 
were used in small amounts: cobalt octoates, 
methyl ethyl ketone peroxides, C-glass surface 
veils, and others.  
Fiberglass composite pipes (Figure 1) were 
manufactured with plasticizer addition based on 
the need to increase the impact toughness of 
each specimen. For each formulation (Table 1), 
a series of at least three measurements was per-
formed for the key indicators, enabling statisti-
cal assessment of result scatter.  
The pipe cross-section consists of three layers: 
(1) surface layer, (2) structurally reinforced lay-
er, and (3) liner layer. The surface and liner 
serve as protective layers for the external and 
internal pipe surfaces against weathering, UV 
radiation, and aggressive and/or abrasive service 
fluids, while the reinforced layers provide me-
chanical strength. 

 

 
Figure 1. Specimens with modified binder 

Table 1. Experimental series of binder formulations for a DN1000 pipe 
Series Plasticizer Plasticizer content, wt.% 

of resin 
Control No plasticizer 0 
PoliPlast M  UPR modifier (JSC “Poliplast”) 10; 15; 20 
Polyplex Elastomeric additive (Polyplex 

Flexible) 
10; 15; 20 

Clearstrength XT100  “Core–shell” particles 10; 15; 20 
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Table 1. Experimental series of binder formulations for a DN1000 pipe 
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PoliPlast M  UPR modifier (JSC “Poliplast”) 10; 15; 20 
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For each formulation, a series of at least three 
measurements was performed for the key indi-
cators, enabling statistical assessment of result 
scatter. The pipe cross-section (Figure 2) con-
sists of three layers: (1) surface layer, (2) struc-
turally reinforced layer, and (3) liner layer. The 
surface and liner protect the pipe from environ-
mental impacts, UV exposure, and aggressive 
and/or abrasive fluids; the reinforced layers 
provide mechanical strength.  
 

 
Figure 2. Wall structure of a fiberglass compo-

site pipe 
 

The specimen preparation scheme for the fiber-
glass composite pipes studied is shown in Fig-
ure 3. Specimens were cut from the manufac-
tured pipe for: (1) impact toughness determina-
tion, (2) ring stiffness and resistance to initial 
ring deflection, (3) initial hoop tensile strength 

and tensile modulus, and (4) initial axial tensile 
strength and tensile modulus.  
 

 
Figure 3. Specimen preparation scheme 

 
 

RESULTS AND DISCUSSION 
 
Determination of initial specific ring stiffness 
 
Specimens for testing the initial specific ring 
stiffness by Method A specified in [23] and re-
sistance to initial ring deflection according to 
[24] were rings cut from the fiberglass compo-
site pipe with a width of 300 mm.  
Test results are presented in Table 2. Plots of 
initial specific ring stiffness are shown in Figure 4.  

 
Table 2. Initial specific ring stiffness SN, N/m² 

Series 
 

Plasticizer con-
tent, wt.% of resin 

Meas. 1 
 

Meas. 2 
 

Meas. 3 
 

Meas. 4 
 

Average 

Control 0 10682.5 10449.2 10738.0 10782.0 10702.5 

PoliPlast M 

10 10265.3 10782.6 10165.6 10433.9 10399.9 

15 10021.2 9669.0 10688.2 9602.5 10039.7 

20 10248.7 9894.3 9943.4 9661.9 9900.6 

Polyplex 

10 9936.4 9535.2 10067.0 9863.2 9694.0 

15 9516.1 9720.6 9639.4 9926.2 9664.3 

20 8604.2 9293.0 8692.2 9069.2 9070.2 

Clearstrength XT100 

10 11201.2 10099.9 10114.8 10161.7 10529.9 

15 10145.8 9651.3 10205.7 9488.2 9974.7 

20 10011.0 10431.3 10210.6 9409.9 9960.9 
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Figure 4. Plots of initial specific ring stiffness 

SN versus plasticizer content 
 

Determination of initial hoop tensile strength 
and tensile modulus 
 
Specimens for testing initial hoop tensile 
strength and tensile modules by Method B spec-
ified in [25] were cut from fiberglass composite 
pipes in the circumferential direction as rings 25 
mm wide with a reduced section (stress concen-
trator) 10 mm wide.  
Results are given in Table 3. Plots of initial 
hoop tensile strength and tensile modulus are 
shown in Figures 5 and 6. 

 
Table 3. Results for initial hoop tensile strength and tensile modulus 

Series Plasticizer content, 
wt.% of resin 

Specimen 
No 

Initial hoop strength, 
MPa 

Hoop tensile modulus, 
MPa 

Control 
 

0 
 

1 205,3 16853 
2 204,3 16561 
3 205,6 16561 

PoliPlast M  

10 
 

1 204,6 16236 
2 203,0 16041 
3 203,0 16041 

15 
1 196,1 15450 
2 197,9 15564 
3 195,7 15464 

20 
 

1 191,2 15252 
2 191,1 15134 
3 191,4 14980 

Polyplex 
 

10 
1 194,4 15084 
2 191,2 14861 
3 191,7 15126 

15 
1 190,1 15033 
2 189,0 15028 
3 189,7 14843 

20 
1 184,8 13935 
2 182,2 14260 
3 182,6 14019 

Clearstrength 
XT100 

 

10 
1 201,8 16179 
2 202,3 16195 
3 202,0 16041 

15 
1 196,2 15300 
2 197,0 15352 
3 196,0 15452 

20 
1 196,3 15467 
2 194,7 15226 
3 196,8 15419 

 
Figure 5. Initial hoop tensile strength versus 

plasticizer content  
 

 
Figure 6. Initial axial tensile modulus versus 

plasticizer content 
 
Testing of initial specific ring stiffness SN 
showed that introducing plasticizers into the 
binder generally reduces pipe ring stiffness 
compared with the control formulation 
(SN_avg = 10702.5 N/m²), and the reduction 
degree depends on the plasticizer type and con-
tent. Values closest to the control level were 

obtained for Clearstrength XT100 10% 
(SN_avg = 10529.9 N/m²; ~1–2% decrease) 
and PoliPlast M 10% (SN_avg = 10399.9 
N/m²; ~3% decrease); PoliPlast M 15% main-
tains SN near the required level (SN_avg = 
10039.7 N/m²). When increasing content to 
20%, some formulations fall below SN = 
10000 N/m² (PoliPlast M 20%—9900.6 N/m²; 
“PESU” 15–20%—9974.7–9960.9 N/m²), and 
the most pronounced stiffness drop is recorded 
for Polyplex (down to 9070.2 N/m² at 20%). 
Therefore, from the standpoint of maintaining 
ring stiffness within this section, formulations 
with 10% (PoliPlast M, Clearstrength XT100) 
and 15% (PoliPlast M) are the most preferable, 
whereas increasing content to 20% and using 
Polyplex are accompanied by a significant de-
crease in SN. 
 
Determination of initial hoop tensile strength 
and tensile modulus 
 
Specimens for testing initial axial tensile 
strength and tensile modulus were determined in 
accordance with Method B described in [26]; 
they were cut from fiberglass composite pipes in 
the axial direction as strips 25 mm wide and 450 
mm long.  
Results are presented in Table 4. Plots are 
shown in Figures 7 and 8. 

 
Table 4. Results for initial axial tensile strength and tensile modulus 

Series Plasticizer content, 
wt.% of resin 

Specimen 
No. 

Initial axial strength, 
MPa 

Axial tensile 
modulus, MPa 

Control  0 1 103,5 7155 
2 102,6 7291 
3 102,9 7133 
4 103,9 7205 
5 103,4 7193 

PoliPlast M  10 1 102,0 7010 
2 99,4 6885 
3 99,9 6926 
4 101,0 7036 
5 101,0 6961 

15 1 99,9 6865 
2 97,4 6743 
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3 97,9 6783 
4 97,5 6794 
5 99,1 6858 

20 1 96,8 6684 
2 94,4 6565 
3 94,8 6605 
4 95,3 6753 
5 95,2 6697 

Polyplex 
 

10 1 98,8 6793 
2 96,4 6672 
3 96,9 6712 
4 96,3 6694 
5 96,0 6636 

15 1 95,7 6504 
2 93,4 6388 
3 93,8 6426 
4 94,7 6353 
5 96,8 6570 

20 1 91,6 6215 
2 89,3 6104 
3 89,7 6141 
4 89,6 6185 
5 92,7 6146 

Clearstrength 
XT100 

 

10 1 103,0 7118 
2 100,5 6991 
3 101,0 7033 
4 103,0 6977 
5 100,5 7066 

15 1 100,9 6973 
2 98,4 6849 
3 98,9 6891 
4 96,0 6907 
5 99,0 6846 

20 1 98,8 6829 
2 96,4 6707 
3 96,9 6748 
4 99,5 6715 
5 98,1 6806 

 
 

Based on the average values (Figures 4.12 
and 4.13), introducing the considered plasti-
cizers leads to a decrease in axial tensile 
modulus and initial axial tensile strength. The 
most pronounced reduction is observed for 

the Polyplex formulation at 20% content, 
whereas the Clearstrength XT100 modifier 
better preserves strength characteristics with 
a moderate decrease in stiffness.  
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Figure 7. Initial axial tensile strength versus 

plasticizer content 
 

 
Figure 8. Axial tensile modulus versus plasticiz-

er content 
 

Determination of the impact toughness 
 

Impact toughness was determined by the Char-
py pendulum impact method on notched and/or 
unnotched specimens in accordance with [27]. 
To ensure comparability, the specimen size rec-
ommended by the standard was used: Type 2, 
length 80 mm, width 10.0 mm.  
Test results are presented in Table 5. The impact 
toughness plot is shown in Figure 8. 
 

 
Figure 8. Impact toughness versus plasticizer 

content 
Table 5. Charpy impact toughness, kJ/m² 

Series 
Plasticizer 
content, 
wt.% of res-
in 

Meas. 1 Meas. 2 Meas. 3 Meas. 4 Average 

Control 0 56,6 55,6 56,8 58,2 56,8 

PoliPlast M 
10 62,1 62,1 65,3 63,9 63,4 
15 67,6 69,4 67,6 67,6 68,0 
20 67,6 63,8 64,1 66,2 65,4 

Polyplex 
10 59,1 61,5 59,3 58,4 59,6 
15 68,7 65,7 66,2 63,5 66,0 
20 70,5 71,7 69,4 72,2 71,0 

Clearstrength 
XT100 
 

10 62,3 62,9 62,3 66,7 63,6 
15 67,0 65,1 68,5 64,8 66,4 
20 68,6 64,7 65,8 68,6 66,9 

 
The most pronounced increase in impact 
toughness was obtained for the Polyplex se-
ries at 20% content: 71.0 kJ/m², correspond-
ing to an increase of about 25% relative to 
the control level. For PoliPlast M, the maxi-
mum is achieved at 15% content (68.0 kJ/m², 
increase about 19.7%); with a further in-
crease to 20%, the value decreases to 65.4 
kJ/m² (increase about 15.1%), which can be 

interpreted as manifestation of an “over-
toughening/over-plasticization” effect of the 
matrix and deterioration of interfacial inter-
action at excessive additive content. For 
Clearstrength XT100, a steady increase in 
impact toughness is observed with increasing 
content from 10 to 20% (up to 66.9 kJ/m², 
increase about 17.8%). 
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CONCLUSION 
 
The performed study established that intro-
ducing plasticizing and elastomeric modifiers 
(including dispersed “core–shell” systems) 
into the thermosetting binder of fiberglass 
composite pipes is an effective tool for target-
ed increase in material impact toughness. In-
creasing this parameter is considered one of 
the determining factors in improving crack 
resistance and, consequently, the performance 
of pipe elements under seismic actions charac-
terized by impulse nature and alternating-sign 
loading. 
At the same time, it was revealed that the in-
crease in impact toughness is accompanied by 
a decrease in stiffness–strength characteris-
tics; the changes are systematic and dose-
dependent and are governed by the nature of 
the plasticizer and its concentration in the ma-
trix. 
The maximum increase in impact toughness 
was recorded for the Polyplex formulation at 
20% content; however, this series also exhib-
its the most pronounced decrease in ring stiff-
ness, which limits its applicability where 
stiffness requirements are regulated. Formula-
tions modified with PoliPlast M and Clear-
strength XT100 demonstrate a more rational 
“toughness–stiffness” compromise: at moder-
ate dosages, ring stiffness remains comparable 
to the control material, while a statistically 
significant increase in impact toughness is 
achieved. 
The obtained data confirm the prospects of 
using plasticizing additives for purposeful 
modification of the viscoelastic response and 
for improving resistance to dynamic failure of 
fiberglass composite pipes under seismic ac-
tivity. 
 
 
ACKNOWLEDGEMENTS 
 
The authors express their gratitude to “Innova-
tive Pipe Solutions” LLC for providing equip-
ment for specimen testing. 

This work was supported by the Russian Sci-
ence Foundation Grant No. 24–49–02002. 
 
 
REFERENCES 
 
1. Shashkin S.V., Matseevich T.A., Antosh-

in V.A., Albagachiyev A.YU. (2023) 

 [Applicability of fiber-
glass manufacturing methods in the con-
struction of horizontal tanks.]. Inzhenernyy 

 p 738-750. 
2. Yuchenko L.V., Vaynberg M.V., 

Churayev A.A. 
stekloplastikovykh trub v 

 
[Use of fiberglass pipes in agricultural wa-
ter supply.] Ekologiya i vodnoye kho-
zyaystvo. p. 77–92 

3. Ukaz Prezidenta Rossiyskoy Federatsii ot 7 

tselyakh razvitiya Rossiyskoy Federatsii na 
period do 2030 goda i na perspektivu do 

[Decree of the President of the 
Russian Federation dated 7 May 2024 No. 

t Goals 
of the Russian Federation for the Period up 
to 2030 and for the Longer Term up to 

]. 
4. Tamrazyan A.G., Chernik V.I. (2024) 

Teplomassoperenos v zhelezobetonnykh 
kolonnakh pri ognevom vozdeystvii s 
uchetom stadii okhlazhdeniya [Heat and 
mass transfer in reinforced concrete col-
umns under fire exposure considering the 
cooling stage.]. 

10.33979/2073-7416-2024-113-3-72-82. 
5. Makhutov N.A. i soavt. (2022) Bezopas-

mosvyazannogo spektra prirodnykh, 
tekhnogennykh i antropogennykh faktorov i 

 [Safety of off-
shore pipelines and other facilities consider-

ing separate and interrelated spectra of nat-
ural, technogenic, and anthropogenic fac-
tors and extreme states.]. Morskaya nauka i 
tekhnika, vyp. 7. pp. 3–14. 

6. Kolbasin A.V., Garmashova L.V. (2023) 
Sostoyaniye i perspektivy razvitiya trubnoy 
promyshlennosti Rossii. Ekonomika, 

  
7. 

M.B. (2025) Primeneniye stekloplastiko-
vykh trub v sistemakh drenazha (na primere 

 [Application of fiberglass pipes 
in drainage systems (case study of NTT 

]  
P 58-68 

8. Sebeay, T. A., & Ahmed, A. (2023). Nu-
merical Investigation into GFRP Composite 
Pipes under Hydrostatic Internal 
Pressure. Polymers, 15(5), 1110. 
https://doi.org/10.3390/polym15051110 

9. Seyit Mehmet Demet, Yusuf Kepir, Alper 
Gunoz, Harun Sepetcioglu, Mehmet 
Bagci, Memduh Kara. (2026) Erosive 
wear behavior of FRP composite pipes un-
der varying impingement angles, impact ve-
locities and flow directions, International 
Journal of Pressure Vessels and Pip-
ing,Volume 219, Part A, 
https://doi.org/10.1016/j.ijpvp.2025.105657. 

10. Demet S. M., Kepir Y., Gunoz A., Sepet-
cioglu H., Bagci M., Kara M. (2026) Ero-
sive wear behavior of FRP composite pipes 
under varying impingement angles, impact 
velocities and flow directions International 
Journal of Pressure Vessels and Piping. 

10.1016/j.ijpvp.2025.105657.  
11. Shashkin S.V., Matseevich T.A., Antoshin 

V.A., Albagachiyev A.YU. (2024) Vliyani-
ye kolichestva poocheredno nanesennykh 
sloyev na dinamicheskiye svoystva 
steklokompozitnykh trub. Inzhenernyy vest-

-628. 
12. - (2021) 

Experimental Study on the Behaviour of 
Seismic Actions on a Flexible Glass-

Reinforced Plastic Structure Used in Water 
Transport Pipes. Materials. 

13. Dudchenko A.V., Dias D., Kuznetsov 
S.V. (2021) Vertical wave barriers for vi-
bration reduction Archive of Applied Me-
chanics (Ingenieur Archiv). 
257-276  

14. Tahamouli Roudsari M., Samet S. et all 
(2017). Numerically Based Analysis of 
Buried GRP Pipelines under Earthquake 
Wave Propagation and Landslide Effects. 
Periodica Polytechnica Civil Engineering, 

15. Almahakeri M., Fam A., Moore I.D. 
(2013) Longitudinal Bending and Failure of 
GFRP Pipes Buried in Dense Sand under 
Relative Ground Movement. Journal of 
Composites for Construction (ASCE). 

16. Zhenhao Lin, Shanqing Li, (2024) Study 
on interfacial mechanical properties of 
bonded pipe joint under dynamic load, 
Heliyon, Volume 10, Issue 16. 
https://doi.org/10.1016/j.heliyon.2024.e36369. 

17. Davaasambuu K. et al. (2025) Mecha-
nisms and Performance of Composite Joints 
Through Adhesive and Interlocking 
Means—A Review. Journal of Composites 
Science (MDPI). 

18. Li Hong (Ed.) (2021) Fiberglass Science 
and Technology: Chemistry, Characteriza-
tion, Processing, Modeling, Application, 
and Sustainability. – Springer. p.555. 

19. Chen, J.; Liu, Z.; Wang, K.; Huang, J.; 
Li, K.; Nie, X.; Jiang, J. (2018) Epox-
idized castor oil-based diglycidyl-phthalate 
plasticizer: Synthesis and thermal stabiliz-
ing effects on poly(vinyl chloride). – Poly-
mer Science, 2018. 135. 

20. Puyou Jia, Haoyu Xia, Kehan Tang, 
Yonghong Zhou, (2018) Plasticizers De-
rived from Biomass Resources: A Short 
Review. – Polymer Science, p. 1303. 

21. Stern T., Marom G. (2024) Fracture 
Mechanisms and Toughness in Polymer 
Nanocomposites: A Brief Review. Journal 
of Composites Science. 

22. Askadskiy A.A., Matseevich T.A. (2020) 
Latest developments of models and calcula-

Sergey V. Shashkin, Tatyana A. Matseevich



153Volume 22, Issue 1, 2026

CONCLUSION 
 
The performed study established that intro-
ducing plasticizing and elastomeric modifiers 
(including dispersed “core–shell” systems) 
into the thermosetting binder of fiberglass 
composite pipes is an effective tool for target-
ed increase in material impact toughness. In-
creasing this parameter is considered one of 
the determining factors in improving crack 
resistance and, consequently, the performance 
of pipe elements under seismic actions charac-
terized by impulse nature and alternating-sign 
loading. 
At the same time, it was revealed that the in-
crease in impact toughness is accompanied by 
a decrease in stiffness–strength characteris-
tics; the changes are systematic and dose-
dependent and are governed by the nature of 
the plasticizer and its concentration in the ma-
trix. 
The maximum increase in impact toughness 
was recorded for the Polyplex formulation at 
20% content; however, this series also exhib-
its the most pronounced decrease in ring stiff-
ness, which limits its applicability where 
stiffness requirements are regulated. Formula-
tions modified with PoliPlast M and Clear-
strength XT100 demonstrate a more rational 
“toughness–stiffness” compromise: at moder-
ate dosages, ring stiffness remains comparable 
to the control material, while a statistically 
significant increase in impact toughness is 
achieved. 
The obtained data confirm the prospects of 
using plasticizing additives for purposeful 
modification of the viscoelastic response and 
for improving resistance to dynamic failure of 
fiberglass composite pipes under seismic ac-
tivity. 
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