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Abstract

To address the technical challenge of adhesive failure in waterproof layers on steel bridge decks in
high-humidity environments, this study, based on the Phase I project of the Shanghai North Crossing,
explores construction techniques for waterproof layers on steel bridge decks under high-humidity
conditions through theoretical analysis and engineering practice. Considering that steel bridge decks,
with a thermal conductivity 25 times that of concrete bridge decks and a specific heat capacity only
0.5 times that of concrete, are prone to condensation below the dew point temperature (26°C, with
adew point of 23.4°C at 85% humidity), leading to a decrease in the adhesive strength of the water-
prooflayer (design strength at room temperature = 1.0 MPa) and failure due to hollowing, a com-
prehensive technical solution is proposed: developing an active drying process of “high-power purg-
ing + auxiliary heating” to control the moisture content of the steel bridge deck below 2 g/mz, opti-
mizing the continuous operation mode of “drying-spraying” with a connection distance of <10 m and
a time interval of <5 min, and establishing an IoT environmental monitoring system to real-time mon-
itor parameters such as temperature, humidity, and dew point temperature, preferably during the
safe construction windows from night to early morning when the steel deck temperature is higher
than the dew point. The engineering application results show that during the construction period,
the maximum environmental humidity reached 93%, the adhesive strength of the waterprooflayer
atroom temperature reached 1.28 MPa, the adhesive strength at 50°C was 0.62 MPa, the thickness
pass rate was 98.2%, and the flatness pass rate was 99.1%. After five years of long-term tracking mon-
itoring, there were no pavement defects caused by failure of the waterproof layer. The research indi-
cates that this comprehensive technology can effectively mitigate the impact of condensation on steel
bridge decks, significantly improving the construction quality and durability of the waterprooflayer,
providing technical reference for similar projects in high-humidity regions such as the Yangtze River
Delta and the Pearl River Delta.
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Table 1. Comparison of physical properties between steel and concrete bridge decks
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Table 2. Relationship between steel bridge deck temperature and condensation at different times (typical summer day)
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Figure 1. Application of polyurethane waterproof bonding layer on steel bridge deck
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Table 3. Configuration of environmental parameter monitoring and early warning system
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Table 4. Construction quality control requirements for waterproof layer of steel bridge deck
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Table 5. Quality inspection results of waterproof layer construction
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Figure 2. Tracking and monitoring of PCI and rutting depth of steel bridge deck
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