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Abstract: This paper focuses on polymer waterproof materials, which are typically based on synthetic rubber or 
resin and are classified into sheet membranes and coatings. Their core properties include physical-mechanical 
strength and weather resistance, while performance can be further enhanced through modification technologies 
such as nanotechnology and material compounding. The study elaborates on their application in building 
roofs, underground spaces, transportation infrastructure, and projects under special environmental conditions. 
Innovative application approaches are also explored, including the establishment of standardized construction 
systems that integrate process specifications, quality inspection, and digital management; the development of 
multi-material collaborative waterproofing systems; and the adoption of intelligent monitoring technologies 
such as fiber-optic sensing, wireless humidity monitoring, and UAV inspection to enable real-time detection of 
waterproofing performance. These strategies provide comprehensive waterproofing solutions for engineering 
construction.
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Introduction

In the field of engineering construction, waterproofing 
is a critical factor in ensuring structural safety 
and durability. Traditional waterproof materials 

have gradually revealed performance limitations when 
facing complex engineering environments and diverse 
demands. Polymer waterproof materials, prepared 
from synthetic rubber or resin through blending and 
modification, demonstrate distinctive advantages. 
This paper aims to provide an in-depth analysis of 
the technical systems and core properties of polymer 
waterproof materials, systematically review their 
practical applications in various engineering scenarios, 

and explore innovative pathways for their future use. 
The study seeks to offer both theoretical support and 
practical references for advancing waterproofing 
technologies in engineering construction and promoting 
sustainable development.

1. Technical System and Core Properties of 
Polymer Waterproof Materials
1.1 Classification and Chemical Composition
Polymer waterproof materials can be broadly classified 
into sheet membranes and coatings. The sheet 
membranes include TPO, PVC, EVA, and HDPE 
products, which are generally manufactured through 
extrusion or calendering processes. TPO membranes, 
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based on polypropylene-rubber blends, combine the 
elasticity of rubber with the processability of plastics. 
PVC membranes achieve a balance between flexibility 
and weather resistance through optimized proportions 
of plasticizers and stabilizers. EVA membranes are 
based on ethylene-vinyl acetate copolymers and 
employ molecular design to optimize hardness and 
low-temperature toughness by controlling the vinyl 
acetate content. HDPE membranes, owing to the linear 
molecular structure of high-density polyethylene, 
form dense sheets characterized by high strength 
and low permeability. The coating category includes 
both reactive and composite systems. Polyurethane 
coatings, synthesized through the polymerization of 
isocyanates and polyols, generate a three-dimensional 
crosslinked network with high tensile strength and 
elongation at break. Polyurea coatings, formed via the 
rapid reaction of isocyanates with amine compounds, 
can cure instantaneously in 1-3 mm thick layers. 
Acrylate coatings, modified through copolymerization 
of monomers, allow adjustment of the glass transition 
temperature to meet diverse elastic requirements 
under varying temperature conditions. Silicone rubber 
coatings, produced by hydrolysis-condensation of 
organosiloxanes, establish Si-O-Si skeletons that 
ensure high-temperature resistance and long-term 
aging stability. Polymer-cement waterproof coatings 
combine organic polymers with inorganic cementitious 
materials, resulting in a waterproof layer that integrates 
rigidity and flexibility.

1.2 Core Performance Indicators
In terms of physical and mechanical properties, these 
materials exhibit high strength and excellent flexibility. 
Their significant tensile strength and elongation at 
break allow them to buffer structural stresses caused by 
deformation. Specific molecular chain designs provide 
superior low-temperature performance, enabling 
some membranes to retain flexibility even in extreme 
cold, thereby meeting the requirements of diverse 
climatic regions. In terms of weathering resistance and 
durability, the incorporation of functional additives 
allows ultraviolet absorbers and antioxidants to work 
synergistically, thereby significantly extending the 
service life of the materials. Accelerated aging tests 
have demonstrated that their tensile strength remains 
relatively high even after prolonged exposure to 
ultraviolet radiation. Regarding chemical stability, 

these materials exhibit strong adaptability to acidic 
and alkaline environments and can withstand certain 
corrosive media. For instance, PVC membranes show 
a much higher resistance to chloride ion penetration 
compared with traditional bitumen, making them 
suitable for highly corrosive conditions [1]. With respect 
to environmental performance, emphasis is placed on 
life-cycle management: production processes strictly 
control the emission of volatile organic compounds, 
and some products even establish closed-loop 
systems from raw materials to waste disposal, thereby 
promoting sustainable development.

1.3 Modification Technologies
Polymer waterproofing materials have achieved 
significant performance enhancements through 
a variety of advanced modification technologies. 
Nanomodification technology incorporates inorganic 
nanoparticles such as nano-silica and calcium carbonate 
as reinforcing agents, uniformly dispersing them within 
the material to construct a nanoscale filler network. 
This densifies the material’s microstructure, and for 
instance, the puncture resistance of TPO membranes is 
markedly improved after such modification. Composite 
reinforcement technology introduces reinforcing 
elements such as glass fiber mesh or polyester fabric 
to create a multilayer “substrate-reinforcement-
coating” structure. For example, polyethylene-
polypropylene composite membranes produced via 
hot-melt compounding integrate HDPE sheets with 
nonwoven polypropylene fibers. The stress-dissipation 
function of the fiber mesh significantly enhances tear 
resistance while also improving dimensional stability. 
Functional coating technology imparts special properties 
to materials through surface modification. Fluorocarbon 
resin coatings can form a low-surface-energy film on 
the substrate, enabling PVDF membranes to exhibit 
rainwater self-cleaning ability. Similarly, silane coupling 
treatment establishes a root-puncture-resistant barrier 
through chemical bonding on the material surface, 
effectively preventing plant root penetration and thereby 
expanding the application scenarios of these membranes.

2. Application Scenarios of Polymer 
Waterproof Materials in Engineering 
Construction
2.1 Building Roofing Engineering
For flat roof systems, TPO single-ply roofing technology 
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adopts hot-air welding to form homogeneous, sealed 
seams. Combined with mechanically fastened anchoring 
systems, wind uplift tests verify structural stability, 
meeting the stringent wind resistance and airtightness 
requirements of large public buildings and industrial 
plants. For sloped roofs, composite systems integrating 
EPDM rubber sheets with metal panels are employed. 
Specialized adhesives ensure full-surface bonding 
between sheets and substrates, creating a reliable 
interface. Load tests confirm structural reliability, 
making this system suitable for villas, stadiums, 
and other complex roof geometries requiring both 
adaptability and long-term durability. For green roof 
systems, multilayer composite protection structures are 
constructed. HDPE drainage boards and root-resistant 
membranes form a storage-drainage space, while 
modified bituminous membranes containing copper 
ion inhibitors chemically block root penetration. In 
combination with root-resistant polyurethane coatings, 
the protective system withstands root growth stresses 
and microbial corrosion in soil. Long-term durability 
tests validate its performance, ensuring a balance of 
waterproofing reliability and ecological functionality.

2.2 Underground Space Engineering
In underground spaces, multiple waterproofing 
techniques ensure structural integrity and safety. For 
basement slabs, pre-applied bonded membranes are 
used, where self-adhesive polymer sheets chemically 
bond with cast-in-place concrete. As hydration 
proceeds, the bonding interface forms a continuous 
skin-like waterproof layer that accommodates 
settlement and deformation while dynamically 
resisting groundwater intrusion. In metro tunnels, EVA 
waterproof sheets are combined with sprayed concrete 
substrates using specialized surface treatments to form 
chemically bonded transition layers. These are further 
reinforced by synchronous secondary lining grouting, 
achieving seamless integration of waterproofing 
layers and linings, effectively blocking groundwater 
infiltration. For utility tunnels, PVC-P double-wall 
corrugated pipes are joined with electrofusion welding, 
producing homogeneous sealed joints. With high 
circumferential stiffness, these joints meet deformation 
control requirements. Together with rigid structural 
waterproofing, the system forms a composite barrier 
that ensures long-distance, leak-free operation.

2.3 Transportation Infrastructure Engineering
For highway bridges, spray-applied polyurea coatings 
are used for deck waterproofing. Specialized equipment 
ensures seamless application, forming flexible, 
wear-resistant layers chemically bonded to concrete 
substrates. This distributes stress concentrations from 
vehicle loads, mitigates microcrack propagation, and 
accommodates deck expansion and contraction. In 
railway tunnels, EPDM waterstops are treated with 
nanoscale surface modification to adjust surface energy 
and enhance wettability. This produces a combined 
mechanical interlocking and chemical adsorption 
mechanism at the concrete interface, meeting the 
fatigue resistance requirements of high-speed 
railway operations [2]. For airport runways, composite 
waterproofing systems of modified bitumen and TPO 
membranes are applied. Flame-sprayed modified 
bitumen forms uniform adhesive layers bonding the 
membrane to the substrate. This ensures both reliable 
anchoring and the preservation of surface macrotexture. 
By optimizing the frictional properties of the composite 
system, waterproofing performance is maintained while 
guaranteeing skid resistance during aircraft takeoff and 
landing.

2.4 Special Environment Engineering
In polar regions, EPDM membranes with fluorocarbon 
coatings are used. Molecular chain design optimizes 
low-temperature  f lexibi l i ty,  ensur ing e las t ic 
performance under extreme cold. The fluorocarbon 
layer resists strong UV radiation and freeze-thaw 
cycles, meeting the long-term durability requirements 
of Antarctic research stations. For nuclear facilities, 
lead-rubber composite membranes are adopted. 
Gamma-ray irradiation crosslinking disperses lead 
powder uniformly in the rubber matrix, achieving 
both radiation shielding and flexibility. Their 
dense structure, enhanced through specialized 
processing, effectively blocks gaseous and particulate 
contaminants, meeting nuclear safety-grade sealing 
standards. For offshore platforms, chlorosulfonated 
polyethylene (CSM) membranes are bonded with steel 
structures. Epoxy primers provide chemical anchoring, 
while butyl tape ensures physical sealing, forming 
dual protection. This system resists chloride ion attack 
and marine atmospheric corrosion, with salt-spray 
resistance achieved through material modification. The 
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bonding interface combines mechanical interlocking 
with molecular diffusion to form durable adhesion, 
satisfying full life-cycle waterproofing requirements for 
marine facilities.

3. Innovative Application Pathways of 
Polymer Waterproof Materials
3.1 Establishment of a Standardized Construction 
System
First, process specification development. Specifications 
cover the entire workflow, including substrate preparation, 
joint sealing, and lap installation, with differentiated 
standards tailored to material properties. For instance, 
TPO membranes require precise control of welding 
temperature and travel speed during hot-air welding; 
PVC membranes in hot-melt applications demand strict 
heating time limits to prevent decomposition; and self-
adhesive membranes require substrate moisture content 
to remain below the specified threshold [3]. Second, 
quality inspection technologies. Process control 
is achieved through multidimensional techniques. 
Infrared thermography enables non-contact detection 
of voids between the membrane and substrate; laser 
profilometers accurately measure the geometric 
morphology of overlaps; and spark testing allows 
non-destructive inspection of micro-defects in the 
waterproof layer. Together, these three techniques form 
a comprehensive quality monitoring network from the 
macro to the micro scale. Third, digital management 
platforms. The digital management platform integrates 
IoT sensors with BIM models to collect construction 
environment parameters and process execution data 
in real time. Algorithmic models analyze the effects 
of variables such as ambient temperature, humidity, 
and membrane temperature on construction quality. 
When the system detects that the environmental 
temperature approaches the lower limit for material 
application, it automatically issues process adjustment 
recommendations and generates alert records, enabling 
both traceability of construction operations and 
proactive warning of quality fluctuations.

3.2 Multi-Material Synergistic Waterproofing 
Systems
Rigid-flexible composite systems demonstrate unique 
advantages. A typical design involves polymer-
cement waterproof coatings layered beneath TPO 
membranes. The coating serves as a rigid base, filling 

microcracks and forming a continuous film, while the 
TPO membrane, welded into a seamless layer, provides 
flexibility. The adhesive layer ensures stress transfer 
and deformation coordination, resulting in composite 
systems with far superior impermeability compared to 
single-layer materials. For basement walls, roll-coating 
composite systems show excellent performance. Non-
curing rubber-asphalt coatings form a permanently 
tacky elastic sealing layer that fills substrate defects, 
while SBS-modified bituminous membranes applied by 
hot-melt bonding chemically integrate with the coating. 
This greatly enhances peel strength, while the coating 
absorbs membrane stress to delay seam aging and 
cracking. Prefabricated waterproofing joints achieve 
rapid sealing through standardized connectors between 
precast concrete waterstops and rubber waterstops. The 
snap-fit design ensures precise alignment, while the 
combination of rubber and concrete waterstops forms 
a dual barrier, balancing construction efficiency with 
reliable joint waterproofing performance.

3.3 Application of Intelligent Monitoring Technologies
Optical fiber sensing networks embed fiber Bragg 
grating sensors at stress-critical positions within 
waterproofing layers. Variations in optical signals 
provide real-time strain monitoring. When data 
exceed thresholds, optical time-domain reflectometry 
precisely locates anomalies,  providing three-
dimensional coordinates for maintenance planning. 
With millisecond response, transient deformation 
events can be accurately captured. Wireless humidity 
moni tor ing sys tems ut i l ize  low-power  LoRa 
modules to establish self-organizing networks. 
Sensors deployed at vulnerable waterproofing zones 
continuously measure environmental parameters with 
high-precision capacitive elements. When humidity 
exceeds safety limits, nodes automatically activate 
4G modules to transmit alarms. Cloud platforms then 
generate humidity distribution heat maps, supporting 
analysis of leakage propagation pathways [4]. Drone-
based inspection systems employ electric multi-rotor 
platforms with high-resolution multispectral cameras to 
scan roof waterproofing layers along pre-programmed 
routes. AI image recognition algorithms compare 
collected data with reference sets, automatically 
detecting cracks, voids, and defects, and generating 
three-dimensional damage models. Inspection results 
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are synchronized with mobile terminals in real time, 
enabling rapid repair planning. With centimeter-level 
accuracy and autonomous flight, inspection efficiency 
is significantly improved across large areas.

Conclusion
In summary, polymer waterproof materials, with 
their advanced technical frameworks and outstanding 
core properties,  demonstrate vast potential in 
diverse engineering applications. By developing 
standardized construction systems, multi-material 
synergistic waterproofing solutions, and intelligent 
monitoring technologies, their effectiveness and 
quality performance can be further enhanced. Looking 
ahead, as technological progress continues, polymer 
waterproof materials are expected to play increasingly 
vital roles in broader application domains, driving 
waterproofing technology in engineering construction 
toward new heights.
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