Hans Journal of Civil Engineering /R T#, 2026, 15(10), 1-7 Hans X
Published Online October 2026 in Hans. https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2026.1510232

BN E IR ARSIk A

x| Z ik
HEALTRFIR UK SRR 7 5 TRR A e, T Fg B

Wk H . 202649 H8H: #HHA: 20264F9H28H; & A Hi: 20264F10H 10H

HE

RANKE 7 R EK TRER . HeREE F & K 1L e B T8 B vH AT b i SRl R R, HBUZ IR AE R
HEEWATIRARIUE. #KRABI HERBESHR R RIFEAKRE Al ETEFRRY, 5
IKEABZ IR C B R fUKERRZE D R EAFLA BB HANBIE KRR, e, K
B RE. HKRAERENARERBINHESHEEBARER . A CEREE 4B WA SCRE
EAal b, BNEIOKEATRRN R Wk, ARRE. EERR S5 TRENMAKMRER, LBEAR
BARKERAFMARRYE:, T RERRARIE. £HRERN. ARSI TR G NBEERE
FIRSERERE. SRIA, RRBEIOKEAZIER LR =% RIE. KRB e
HRERRE X ONERAMFBKENSIE, MERMERBRS T RIMRK. BLHENZEZEYE
B e R - 2 .

X 5in

mAMKES, BUZRR, BERAE, JbErERR, KRN RIE

A Review of Current Research on Field
Testing Technologies for High External
Water Pressure

Yungian Liu

College of Geosciences and Engineering, North China University of Water Resources and Electric Power,
Zhengzhou Henan

Received: September 8, 2026; accepted: September 28, 2026; published: October 10, 2026

Abstract

High external water pressure is a key controlling factor in the design and construction of deep-buried
hydraulic tunnels, subsea tunnels, and water-rich mountain tunnels. Its field test results directly affect
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the determination of lining water loads, drainage system design, optimization of grouting ring param-
eters, and water-inrush risk assessment. Studies over the past decade show that field testing of external
water pressure has gradually evolved from single-point water pressure observation into an integrated
technical system combining multi-level borehole monitoring, measurement of water pressure behind
the tunnel lining, fiber-optic sensing, hydraulic tomography inversion, drainage system performance
monitoring, and numerical feedback analysis. Based on a review of domestic and international litera-
ture over the past decade, this paper summarizes research progress in testing objects, testing methods,
sensing equipment, model tests, and engineering applications for high external water pressure, com-
pares the applicability and limitations of different technologies, and discusses common issues such as
the characterization of complex geological bodies, multi-field coupling monitoring, long-term sensor
reliability, and in-depth utilization of monitoring data. This review concludes that future field testing
of high external water pressure will develop toward multi-source sensing, three-dimensional inversion,
real-time feedback, and intelligent early warning. Its core objective is no longer merely to obtain water
pressure values, but to establish a full-process testing-analysis closed loop that can serve design veri-
fication, construction adjustment, and operational safety management.
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Figure 1. Schematic diagram of technical system of field testing for high external water pressure
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Table 1. Comparison of main field testing technologies for high external water pressure
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Table 2. Common challenges and countermeasures in field testing of high external water pressure
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