%=

Iranian Concrete Society

Effect of Polypropylene Fibers on the Seismic Performance
of Longitudinal Joints in Segmental Tunnel Linings

Ata Hojat Kashani”, Mehdi Shalchi Tousi2, Payam Tarighi*

1.Department of Civil Engineering, South Tehran Branch, Islamic Azad University, Tehran, Iran.
2.Department of Civil Engineering, Ahlul Bayt International University, Tehran, Iran.
a_hojatkashani@iau.ac.ir

Received: 05 October 2025 Revised: 03 December 2025 Accepted: 14 February 2026
Research paper

Abstract

This study examines the effect of polypropylene fibers on the seismic performance of longitudinal joints in segmen-
tal tunnel linings. Tunnels, as vital components of urban infrastructure, are highly vulnerable to seismic hazards, and
weaknesses in joint regions can compromise overall stability. In this research, the fiber-reinforced concrete behavior
model was validated using experimental data, and nonlinear time-history analyses were conducted to evaluate the seis-
mic response of the lining under multiple earthquake records. Three volumetric ratios of polypropylene fibers (0.7%,
1%, and 1.5%) were considered, and the longitudinal joint behavior was assessed in terms of stress, displacement, and
moment—axial force interactions. The results revealed that the inclusion of 1.5% polypropylene fibers significantly
enhances normal and shear strength, reduces critical displacements, and improves structural ductility. Moreover, the
numerical findings showed good agreement with both the analytical relations provided by the ACI code and vali-
dated experimental data, confirming the reliability of the model. Overall, incorporating 1.5% polypropylene fibers
can be proposed as a practical solution for improving the seismic safety and durability of segmental tunnel linings in
earthquake-prone regions.
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PFRC 0.7%:

f, =41.1 MPa b =250mm h = 1200mm — @B, = 5869.08 kN Y
PFRC 1%:
f. =43.11 MPa b =250mm h=1200mm — @P, = 6156.108 kN ¥
PFRC 1.5%:
f. = 44.77 MPa b = 250mm h = 1200mm — @P, = 6393.156 kN (V)
bh, c—h
CC:fCT(lJF c ) v
~ _ _bhy c—h B B
P. = C, — 0.68f.bh = f67(1 + ) S ¢ =1562hP, = C, o
_c—h_ 0562,
fror = ——fe = 75z fe = 036 e
_h(2x036f+f) 172nf.
Ye= 30 036r)  aosf, Ve~ 0421k (Y0)
1+0.36
C. = %)fcbh = 0.68f.bh %)
(V)
M, =cC (E— ) - 068fbh(ﬁ— 0421h) — 0.68f.bh (0.78)
n c 2 yC - c 2 - . (o -
M, = 0.053f.bh?*; @ = 0.7 - @M, = 0.037f,bh? YA)
PFRC 0.7%:
f. = 41.1 MPa b =250mm h = 1200mm — @B, = 5869.08 kN )
@M, = 547.452 kN.m
D)
PFRC 1%:
f.=43.11MPa b = 250mm h = 1200mm — @P, = 6156.108 kN h
oM, = 574.2252 kN.m (*Y)

Q‘;—z‘ O L;J-C u%»"-" ‘e 6L‘°°)'Lw 9 CJL«M L;ol-f- LEgS 00000000000000000000000000000000000000000000000000



PFRC 1.5%:

f. = 4477 MPa b = 250mm h = 1200mm — @B, = 6393.156 kN ¥7)
Point C (Fig. 20): %)
bh
Ce=ley
bh (¥0)

Pn:CC—>Pn:f67;<p:0.7
oP, = 0.35f.bh

P (. N (A e i
M”_Cc(z 3)_66(6)_12bh e
@M,, = 0.058f.bh? (V)

fo =41.1 MPa b =250mm h=1200mm — @P, = 4315.5kN
@M, = 858.168 kN.m

*2)
PFRC 1%: (Fo)
f. = 4311 MPa b = 250mm h = 1200mm — @B, = 4526.55 kN

oM, = 900.1368 kN.m )
PFRC 1.5%:

f. = 4477 MPa b = 250mm h = 1200mm — @P, = 5641.02 kN AR
oM, = 934.7976 kN.m (FY)
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