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Introduction

Laminated glass as we know it today was 
originally produced with PVB, developed 
and patented exactly 80 years ago. It’s 
original application was to increase the 
safety of automotive windscreens by 
combining the properties of glass with 
the properties of a thermoplastic polymer, 
modified with a plasticizer. 

The first requirement for the PVB interlayer 
was enhanced safety through glass 
shard retention, and later on impact 
performance. To achieve this, polymer 
chemistry and interlayer thickness were 
modified consecutively to meet the 
increasing requirements of the automotive 
windscreen. For the first 50 years this was 
the only application for PVB with well-
defined requirements and specifications: 
0.76-millimeter caliper, a controlled adhesion 
to meet the impact performance and, in 
some cases, tinting of the interlayer for 
esthetical and shading requirements.

The use of laminated glass in architectural 
application started to develop about 35 years 
ago. It was originally driven by the following 
requirements of the building industry:

• Increased daylighting in buildings 
through more glass surfaces

Many Options in Laminated Glass to Make Façades 
More Efficient | 夹层玻璃的多种选择使幕墙更有效率

Laminated glass as we know it today was  originally produced with PVB, developed and 
patented exactly 80 years ago. It’s original application was to increase the safety of automotive 
windscreens by combining the properties of glass with the properties of a thermoplastic polymer, 
modified with a plasticizer; however, as the architectural laminated glass market was maturing, 
the original PVB recipe proved to have its limitations for architectural applications. This led 
to the modification of the PVB recipe for applications such as enhanced acoustics, and the 
development of other polymers such as ionomers and EVA. In this paper, we will cover in more 
detail the applications of laminated safety glass.
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今天我们所知道的夹层玻璃最开始是用80年前发明并申请专利的PVB制作的。这种用增
塑剂改良了的热塑性聚合物与玻璃相结合后的夹层玻璃，最开始在汽车挡风玻璃上使用
可以增加安全性。然而，随着建筑夹层玻璃市场的成熟，最初的PVB配方在建筑应用中
表现出了局限性。这促进了PVB配方的改良，如隔音性能的提高，离子膜和EVA等其它
聚合物的发展。在这篇文章里我们将介绍更多关于安全夹层玻璃应用的细节内容。

关键词：中间膜、夹层玻璃、结构工程
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膜的工作生涯。2001年年底，他加入了皮克金盾公司
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及商业开发部的主管。在与杜邦合并后，他在建筑业务
的部门负责全球市场营销的工作。

简介

今天我们所知道的夹层玻璃最开始是用80
年前发明并申请专利的PVB制作的。这种
用增塑剂改良了的热塑性聚合物在结合了
玻璃的特性之后，使其最开始用在汽车挡
风玻璃上可以增加安全性。

通过玻璃碎片保留在胶片上和后来的抗
冲击性能来提高玻璃的安全性是对PVB中
间膜的最初的要求。为了满足汽车挡风
玻璃不断提高的安全要求，聚合物的化
学成分和中间膜的厚度被连续不断的改
良。在PVB的第一个50年里，其规格只有
0.76mm厚度并且它唯一的用途就是用可
控的粘结力去满足抗冲击性能的要求。在
一些应用中，染色的中间膜是为了满足美
学和遮阳的要求。

大约35年前，夹层玻璃开始应用于建筑
领域。它最初是要满足如下几个建筑行业
的要求：

 · 通过使用更多的玻璃增加建筑物的
采光。

 · 建筑规范中的安全标准的发展建立。

 
近年来，夹层玻璃的性能要应对更多的
要求：

 · 紫外线透过性能
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• Development of safety standards in 
building codes

More recently, new requirements have 
added challenges to the performance of 
laminated glass:

• UV filtration performance 

• Acoustic performance 

• Larger glass panes and minimally 
supported glass

• Post-breakage performance 

• Enhancing the glazing system 
performance for: 

• Blast and ballistic resistance 

• Very high wind load and debris 
resistance for hurricane sensitive 
areas 

• Concerns about the safety 
performance of tempered glass 

• Durability and performance in open-
edge and silicone-sealed applications 

• Changes in color and transparency/
translucency 

• Material inclusion and combination 
with glass coatings 

 
Laminated glass is also increasingly challenged 
to help meet the energy control requirements 
imposed on new and retrofitted buildings.

These requirements have led to a dramatic 
increase of interlayer solutions. At the 
beginning, some of these challenges were 
met through modification of the original 
“automotive” PVB: interlayer thickness 
ranging from 0.38 to 4.56 millimeters 
or more, sheet size increases, and the 
introduction of colors for architectural 
applications, including translucency. 

However, as the architectural laminated glass 
market was maturing, the original PVB recipe 
proved to have its limitations for architectural 
applications. This led to the modification 
of the PVB recipe for applications such as 
enhanced acoustics, and the development of 
other polymers, such as ionomers and EVA.

In this paper, we will be covering in more 
detail the applications of laminated glass. 
The paper goes beyond the content of the 
accompanying presentation.

Which Interlayer is Used for Which 
Application? 

Standard PVB:  
This interlayer is still used in more than 70 
percent of applications. Its primary function 

is to enhance the safety or security 
performance of the glazing and, at the 
same time, improve the acoustic and UV 
protection performance in single- and 
double-glazed units. Its main application is 
in traditional four-side supported glazing 
in windows and façade systems. It is 
still used in special glazing applications, 
such as overhead, floor, and balustrade 
applications, though it is increasingly being 
replaced by more performant interlayers 
for those same applications.

The main differences among the standard 
PVB are availability, process ability, and 
appearance. Especially regarding the 
appearance, there are huge differences, 
in particular those regarding the so-called 
yellowness index. 

Within the product range of Trosifol are 
the so-called Trosifol UltraClear products. 
These products show an extremely low 
yellowness index. It is – in regards to the 
index – at about the same performance 
as the well-known structural Ionoplast 
interlayer, SentryGlas.

Standard Float glass contains iron oxide 
which makes the glass slightly greenish. 
Whenever a designer wants to ensure that 
the light entering a room is as close to 
natural light as possible, he specifies low-
iron glass. If the low-iron glass is processed 
to laminated safety glass, the designer 
should also insist on using interlayers with 
a low yellowness index to avoid that the 
benefit from the glass is destroyed by using 
the wrong interlayer. A comparison can be 
found in Figure 1.

Acoustics: 
In densely populated areas, noise is almost 
omnipresent – from traffic on the road, from 
nearby rail, or from the planes overhead in 
the air. Noise is also caused by production 
plants and construction on buildings and 
bridges. Even music from radios and concert 
halls or blaring television sets can often be 
annoying and even cause illness. It is only 

 · 隔音性能

 · 更大的玻璃版面和最小的支撑体系

 · 破碎后安全性能

 · 提高玻璃系统性能

 · 防爆炸和防弹

 · 飓风多发地区防高风压和碎片
冲击

 · 担忧钢化玻璃的安全性能

 · 在开边和硅胶密封应用中的耐久性能

 · 彩色和透明/半透明性的改变

 · 包含和与玻璃涂层结合的材料

 
对于新建和改建翻新的建筑物，夹层玻璃正
受到越来越多关于满足节能要求的挑战。

这些要求导致了更多中间膜解决方案的
产生。刚开始，通过改良最初的“汽
车”PVB可以满足这些挑战的一部分要
求，比如中间膜的厚度从0.38mm到4.56mm
甚至更厚，增大胶片的尺寸，在建筑应用中
引入包括半透明在内的彩色方案。

然而，随着建筑夹层玻璃市场的成熟，
最初的PVB配方在建筑应用中是有局限性
的。这导致了PVB配方的改良，如提高隔
音性能的应用，发展包括离子性和EVA其
它聚合物。

在这片文章里，我们将会谈到更多夹层玻
璃应用的细节。

在哪种应用中使用何种中间膜？

常规PVB 
超过70%的应用仍会用到常规中间膜。它
的主要功能是提高玻璃的安全性能，同时在
单夹和双夹玻璃结构中还可以改善玻璃的隔
音和紫外线防护性能。在窗和幕墙系统中，
它主要采用传统的4边支撑玻璃体系。它仍

Figure 1. Yellowness index comparison (Source: Trosifol)
图1. 发黄指数对比（来源：佳氏福）
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旧可以用在诸如顶棚，地板和栏杆等一些特
殊玻璃应用上，但在那些应用上，它越来越
多地被性能更好的中间膜替代了。

常规PVB之间的主要不同是可用性、加工
性和外观。尤其是外观性能的巨大差异，
我们称之为黄色指数。

在佳氏福产品系列里，我们可以找到所
谓的佳氏福超白产品。这些产品的黄色
指数极低，甚至与我们熟知的结构性的
SentryGlas离子性中间膜在同样的水平。

常规浮法玻璃因含有铁的氧化物使得玻璃
有些偏绿。每当设计师想确保进入房间的
光线尽可能接近自然光，他会指定低铁玻
璃（超白玻璃）。如果加工夹层玻璃时使
用低铁玻璃，设计师也应该坚持使用具有
低发黄指数的中间膜，以避免由于使用错
误的中间膜而破坏了超白玻璃的好处。 在
图1 ”黄色指数对比” 中可以发现其中
的不同。

隔音 
在人口密集的地区，噪音无所不在，如公
路上的汽车，铁路上的火车和空中的飞
机。工厂生产、楼房和桥梁建设也会产生
噪音。甚至收音机和音乐厅的音乐，或者
电视机的喇叭也经常令人讨厌甚至产生疾
病。只有周末或者节假日，当我们在山里
散步或者穿越一片宁静的森林时才会感觉
到我们一般都生活在噪音当中。

所有噪音都会扰乱我们的专注力，破坏我
们的睡眠，造成紧张并导致压力。两种相
似的声音，即使数量一样，也会感受不
同。例如，奔腾的瀑布产生的声音与一辆
疾驰的小轿车噪音的音量一样大；然而，
对于许多人来说前者令人感觉平和，后者
让人讨厌。通常，尽可能的减少噪音是很
重要的。在繁忙的公路和铁路交通线上，
噪音屏障可以帮助减少噪音；而在拥挤的
地方和繁忙的公路上，耳塞是一种有用的
补救办法。由于人们大部分时间是在建筑
物里度过的，这需要对噪音进行额外的防
护。用石头、砖头、混凝土和木头做的厚
墙对噪音的防护效果较好，而如门、窗或
者玻璃幕墙这样的薄的隔断对噪音的防护
效果较差。

分贝是测量噪音强度的单位。0分贝意味
着绝对的安静，而每连续增加10分贝则能
量翻倍。图2：“典型噪音与其测量值”
介绍了典型噪音与其测量值的概观。对噪
音的能量感知的不同也可以用分贝来表
示。0-2分贝是感知不到的；3-5分贝是
刚刚可以感知到，没有太大变化；6-10分
贝是明显感知，可以察觉的变化；11-20
分贝是很大和显著的变化。举例来说，对
于建筑物的玻璃窗，噪音减少5分贝或者
更多是听得见的改善。如果公路交通引起
了80分贝的噪音，打开门或窗允许所有80
分贝的噪音都进来。5毫米厚的窗玻璃可
以阻隔30分贝噪音，因此通过关紧的窗，

when we take a walk in the mountains or 
through a peaceful forest on the weekend or 
on holiday that we notice just how much we 
are normally exposed to noise.

All noise disturbs our concentration and is 
capable of disrupting our sleep and causing 
tension and stress. Two similar sounds, even at 
the same volume, can be perceived differently. 
For example, the rushing of a waterfall can be 
just as loud as the noise of a passing car; yet 
for many people, the former is soothing, while 
the latter is usually a nuisance. In general, 
it is important to reduce noise as much as 
possible. In the case of heavy traffic on roads 
or railway lines, a noise barrier can help, while 
ear plugs can be a useful remedy in crowded 
areas and on busy roads. Since people spend 
most of their time in buildings, these have to 
be given extra protection from loud noise. 
Thick walls of stone, brick, concrete, or wood 
provide good protection from noise, but thin 
partitions like doors, windows, or glass façades 
are much less effective.

The decibel (dB) is the unit of measurement 
that expresses the intensity of noise. Zero dB 
means absolute silence, and each successive 
increase by 10 dB doubles the volume. Figure 
2 presents an overview of typical noises 
and their measured volumes. The perceived 
difference in the volume of noise, as loud or 
soft, can also be expressed in dB. Zero to two 
dB is imperceptible, three to five dB is just 
perceptible, six to 10 dB is clearly perceptible, 

and 11 to 20 db is quite loud. Taking the 
example of glass windows in buildings, 
noise mitigation of five dB or more means an 
audible improvement. If road traffic causes 
a noise level of 80 dB, opened windows or 
doors admit the full 80 dB of noise. Five-
millimeter-thick window glass can filter out 30 
dB of noise; consequently, only 50 dB (much 
less) of the traffic noise is audible to people 
through the closed window. If, however, the 
window is capable of absorbing 40 dB, only 
the remaining 40 dB is still audible – only half 
as much noise as via the five-millimeter glass. 
But, how can the sound attenuation of glass 
be improved?

The first step is to fit a thicker pane of glass. 
By doubling the glass thickness from five to 
10 millimeters, the noise reduction increases 
from 30 to 33 dB. The glass is also twice as 
heavy. However, it is also possible to bond a 
roughly one-millimeter-thick film of polyvinyl 
butyral plastic (Trosifol PVB film) between 
two plies of four-millimeter glass. This yields 
nine-millimeter-thick laminated safety glass, 
which is about 1/5 lighter and still achieves 
34 dB of damping. If the PVB film is replaced 
with a particularly effective PVB acoustic film 
(TROSIFOL SOUND CONTROL), the sound 
reduction increases to 37 dB; therefore, it is 
possible to produce a lighter laminated safety 
glass with a lower weight that improves 
sound attenuation by seven dB. 

Not only is glass‘s sound attenuation 

Figure 2. Noise sources and perception (Source: Trosifol)
图2. 噪音来源和感知（来源：佳氏福）
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人们能听见只有50分贝或者更少的交通噪
音。然而，如果5mm的窗玻璃可以吸收40
分贝，则只有剩下的40分贝可以听见。但
如何提升玻璃对声音的衰减呢？

第一步是装上更厚的玻璃。 通过增加玻
璃的厚度，从5mm到10mm，噪音减少量
从30分贝增加到33分贝，不过玻璃也重了
一倍。然而，也可以通过在两片4mm玻璃
中间键连1mm厚的聚乙烯醇缩丁醛中间膜
（佳氏福PVB中间膜），形成9mm厚的夹
层安全玻璃，它比10mm厚玻璃轻1/5且仍
旧可以取得34分贝的声音衰减。如果用特
殊的隔音PVB中间膜（佳氏福SC隔音中间
膜）取代普通PVB中间膜，则声音减少量
可以增加到37分贝。因此，更轻的夹层安
全玻璃可以提升7分贝的声音减少量。玻
璃的重要功能不但有声音衰减，也有热量
阻隔。多年来，建筑物安装多层玻璃结构
也是这个目的。这种多层玻璃由至少两层
玻璃和中间相夹的一层空气组成，这层空
气可以在冬天使热量留在暖和的房间内，
而在夏天使热量隔在凉爽的房间外面。这
样的多层玻璃结构也可以阻隔声音。由两
片4mm厚的玻璃和20mm中空层组成的玻
璃结构可以使声音衰减33分贝。这个数值
可以通过增厚玻璃和/或加大中空层来得到
提升。如上述例子所说，窗玻璃可以通过
用夹层安全玻璃替换普通单片玻璃提升隔
音效果。如果替换成夹层中空玻璃结构，
声音衰减可以到53分贝。

这意味着80分贝的交通噪音，普通多层玻
璃结构允许47分贝噪音进入，而更复杂的
多层玻璃结构仅允许27分贝噪音进入。使
用中空玻璃，噪音被减小开窗状态下公认
数值的1/5。单层PVB夹胶中空玻璃或双层
PVB夹胶中空玻璃不仅可以提供最好的隔音
效果，还在夏天和冬天提供最强的隔热性
能。同时，这样的窗户也会增强防盗性能。

通过在中空玻璃结构中使用特殊隔音PVB
夹层安全玻璃可以获得最高的声音衰减效
果。近几年，双中空玻璃结构也已经问
世，如果其外侧的两片玻璃由夹层安全玻
璃组成，则其声音衰减效果会更好。另
外，这些玻璃结构也有最好的隔热效果。
这种隔音PVB中间膜可以是单层结构（一
层柔软PVB）或者三层结构（一层薄的柔
软层夹在两层普通PVB中间）。

三层结构中间膜可以用在汽车和建筑玻璃
中，而单层结构中间膜专门应用在建筑玻
璃。三层结构中间膜在夹层安全玻璃加工
过程中稍微容易些，尤其是制作大尺寸玻
璃时。由于没有多余的中间层，单层中间
膜夹胶玻璃的光学性能会更好，尤其是在
上面提到的双夹层安全玻璃结构中应用 
（图4）。然而，单层和三层结构中间膜
的隔音性能是几乎一样的。

佳氏福是全球唯一同时提供单层和三层结
构隔音胶片的PVB薄膜生产商，因而可以
在玻璃应用中提供更好的解决方案。

important, but also its thermal insulation. 
For many years now, buildings have been 
fitted with multiple glazing for this purpose. 
This consists of at least two plies of glass 
sandwiching a cavity containing a gas that 
keeps the heat inside a heated room in winter 
and the heat out of a cooled room in summer. 
Such multiple glazing is just as capable of 
filtering out sound. A construction consisting 
of two plies of four-millimeter glass with a 
20-millimeter cavity attenuates the sound 
by about 33 dB. This value can be improved 
by increasing the glass thickness and/or the 
distance between the plies. As in the above 
example, the pane of ordinary glass can be 
replaced with a pane of laminated safety glass. 
If both are replaced, sound attenuation of 53 
dB is achieved (Figure 3).

This means that, given 80 dB of traffic noise, 
ordinary multiple glazing admits 47 dB of 
noise, while heavy multiple glazing allows 
only 27 dB of noise through. With thick 
double-glazing, the noise is reduced to 1/5 
of that admitted by the opened window.  
A double-glazed window with PVB film in 
one or both glass plies thus provides not 
only the best acoustic protection, but also 
the best thermal insulation in summer and 
winter. This window also increases protection 
from burglary.

The highest sound attenuation values are 
achieved by laminated safety glass with 
special PVB acoustic film, best of all in double 

glazing. For several years, triple glazing 
has been available, and even better sound 
attenuation is achieved if the two outer 
panes consist of laminated safety glass. These 
constructions also have the best thermal 
insulation in addition. A sound-attenuating PVB 
film is created with a monolayer (a single soft 
layer) or with a triple-layer (or “trilayer” – a thin 
soft layer between two normal layers) film. 

The trilayer film is used in automotive and 
architectural glazing, and the monolayer 
exclusively in architectural glazing. The 
trilayer film is slightly easier to process in 
laminated safety glass – particularly for 
large-format glazing; the optics – particularly 
with the above-mentioned two plies of 
laminated safety glass – are much better 
with the monolayer film because it does  
not have any additional boundary layers 
(Figure 4). The acoustic properties, however, 
are comparable.

Trosifol is the only PVB film manufacturer 
worldwide that has monolayer and trilayer 
acoustic films in its program, and is thus  
able to offer the perfect solution for any  
glass application.

High and Low UV Transmission 
Requirements

Standard interlayers block UV radiation up to 

Figure 3. Scope of optimizing sound insulation (Source: Trosifol)
图3. 优化隔音范围（来源：佳氏福）
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380nm. In some cases an extra protection up 
to 400nm is required and can be achieved 
through PVB interlayers with a higher level of 
protection. A typical application for this type 
of interlayer is glazing for museums.

Other applications will require the full UV 
spectrum to pass through the glazing. This 
is, for example, the case for greenhouses. 
Special grades of PVB or Ionomer interlayer 
with high UV transmission should be used in 
this case (Figure 5). 

Colored and Decoration Enhancing 
Interlayers

Most of the commercial interlayers have the 
possibility to be colored. Tinted interlayers 
can be used to avoid the use of a tinted glass, 
but are also developed to meet the growing 
requests by architects and specifiers for 
custom colors. Commercial tinted interlayers 

range from transparency, though different 
levels of translucency to full opacity and have 
been developed to meet architects color 
requirements in a durable way.

Low-Iron Glass (Extra Clear) Applications

When laminated glass made out of low-iron 
glass is specified, it is generally to obtain a 
neutral glass color. Choosing an interlayer 
which will match the clarity of the glass 
is in this case very important. This can be 
achieved by selecting a high clarity PVB or 
Ionomer interlayer.

Within the product range of Trosifol you 
can find the so called Trosifol UltraClear 
products. These products show an extremely 
low yellowness index. It is – in regards to 
the yellowness index – at about the same 
performance as the well-known structural 
Ionoplast interlayer, SentryGlas. 

紫外线高透和低透要求

常规中间膜可以阻隔紫外线到380纳米。
有些场合通过特殊PVB中间膜可以获得更
高水平的紫外线保护，最高可阻隔到400
纳米。这种类型的中间膜的一个典型应用
就是博物馆。

别的应用中，例如温室需要全紫外光谱都
通过玻璃。拥有高紫外线透过的特殊PVB 
和离子性中间膜可用于这种情况 
（图5）。

颜色和装饰性提升中间膜 
大部分商业化中间膜都有彩色中间膜。使
用彩色中间膜可以避免使用彩色玻璃，更
重要的是彩色中间膜也用于满足建筑师和
使用者不断增加的对定制颜色的要求。

商业化彩色中间膜可以从透明到完全不
透明，并可以满足建筑师对于颜色耐久性
的要求。

Figure 4. Comparison of Trosifol sound control monolayer and trilayer (Source: Trosifol)
图4. 佳氏福单层和三层隔音胶片的对比（来源：佳氏福）

Figure 5. Interlayer performance comparison (Source: Trosifol)
图5. 中间膜性能对比（来源：佳氏福）
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Structural Interlayers 

The use of laminated glass in structural 
glazing applications has become more 
recognized and even preferred as a safer 
choice to monolithic tempered or heat 
strengthened glass. This is due to the glass 
retention characteristic of laminated glass 
resulting in greatly improved post glass 
breakage properties, providing enhanced 
safety. Structural interlayers are stiff 
interlayers that increase the strength of 
the glass structure by creating a coupling 
effect with the glass. This coupling effect 
allows for higher loads with the same glass 
thickness or reduction in glass thickness for 
the same loads. Structural interlayers provide 
superior post-breakage strength over other 
interlayers, and are an excellent choice for 
applications such as glass railings, stairs, 
floors, balconies, overhead glazing, minimally 
supported façades, open-edge glazing, large 
façades, and curtain wall systems. 

Trosifol offers the broadest portfolio of 
architectural interlayers, including Trosifol ES 
Stiff PVB and SentryGlas® ionoplast (Figure 
6) – two products designed to meet structural 
glazing performance requirements. Both 
interlayers are ultra-clear and provide a high-
quality aesthetic appearance, especially in 
combination with low-iron glass.

There are basically two families of structural 
interlayers: ionoplast interlayers and stiff 
PVB (low plasticizers). These interlayers, with 
much higher shear and elastic modulus, 
enhance the coupling between the glass 

panes, thereby increasing the strength of the 
laminate. Stress and deflection are reduced, 
allowing the use of lower laminated glass 
thickness and/or increased glass span. The 
extra stiffness of the interlayer also enhances 
post-breakage performance, especially 
in tempered laminated constructions 
which are limited by standard PVB. These 
enhancements make these interlayers 
particularly well suited for structural 
applications such as:

• Minimally supported glass 
constructions 

• Overhead glazing 

• Structural balustrade systems

• Replacement of glazing systems 
made-up with a monolithic tempered 
glass system (eliminates risks related 
to nickel-sulfide spontaneous 
breakage) 

Mechanical properties of the interlayer 
are dependent on temperature and load 
duration. For applications with longer load 
duration and/or higher temperature, the 
ionoplast structural interlayer will have higher 
mechanical properties and is, therefore, 
generally selected (Figure 7). 

Security Enhancing Interlayers – Blast, 
Intrusion, Ballistic, & Anti-Spalling

Laminated glass solutions for these 
applications are generally specially tailored to 
a specific application. The quality of the glass 

超白玻璃应用 
当夹层玻璃被标定要使用超白玻璃时，通常
是为了获得中性的玻璃颜色。这种情况下选
择一种和玻璃透明度匹配的中间膜是非常重
要的。选择高透明PVB和离子性中间膜可以
实现这种匹配。

从佳氏福产品系列里可以找到名叫佳氏福超
白的产品。这些产品的黄色指数极低，可以
达到我们熟知的名叫SentryGlas的结构性的
离子性中间膜同样的水平。

颜色和装饰性提升中间膜

大部分商业化中间膜都有彩色中间膜。使用彩
色中间膜可以避免使用彩色玻璃，更重要的是
彩色中间膜也用于满足建筑师和使用者不断增
加的对定制颜色的要求。商业化彩色中间膜可
以从透明到完全不透明，并可以满足建筑师对
于颜色耐久性的要求。

超白玻璃应用

当夹层玻璃被标定要使用超白玻璃时，通常
是为了获得中性的玻璃颜色。这种情况下选
择一种和玻璃透明度匹配的中间膜是非常重
要的。选择高透明PVB和离子性中间膜可以
实现这种匹配。

从佳氏福产品系列里可以找到名叫佳氏福超
白的产品。这些产品的黄色指数极低，可以
达到我们熟知的名叫SentryGlas的结构性的
离子性中间膜同样的水平。

结构性中间膜

在结构玻璃应用中，相对于单片钢化和半钢
化玻璃，夹层玻璃的使用越来越被认可为更
安全和更优先的选择。由于夹层玻璃的玻璃
残留特性导致玻璃破碎后性能的大幅提升并
增加安全性。结构性中间膜是硬质中间膜，
它可以通过与玻璃产生连接效应而增加玻璃
结构的强度。这种连接效应使在相同玻璃厚
度下可以承受更高的荷载或者在相同荷载下
可以减薄玻璃厚度。结构性中间膜比其它中
间膜的破碎后强度更好，因此它是对于诸如
玻璃栏杆、楼梯、地板、阳台、顶棚、最小
支撑富强、开边玻璃、大版面幕墙和幕墙系
统等应用的最好选择。在建筑应用中，佳氏
福提供最宽泛的产品系列，这其中包括满足
结构玻璃性能要求的佳氏福ES硬质PVB和
SentryGlas离子性中间膜。这两种中间膜都超
级透明，尤其是在与超白玻璃结合时有高品
质的美学外观。

基本上有两种类型结构性中间膜

 · 离子性中间膜Figure 6. UV transmission special Trosifol products (Source: Trosifol)
图7. 紫外线透过特殊佳氏福产品（来源：佳氏福）
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is only a part of the solution. Framing systems 
and other hardware will contribute to an 
effective system for the defined threat. 

For blast performance, a large number of 
testing data from arena and shock tube 
testing has been generated for standard PVB 
and ionoplast. Engineers and consultants have 
been selecting between these two interlayers 
depending on the level of compliance or 
rigidity needed after glass breakage

For ballistic applications, the codes require the 
glazing to stop the specified ammunition, and 
to also stop the glass spalls to be projected 
from the back glass into the room. Bi-layers 
composed of an interlayer coupled to a 
polyester film and laminated as a cladding on 
the back glass will offer that extra protection. 
The polyester film is coated with a hard coat 
to enhance scratch resistance. Polycarbonate 
combined with a polyurethane interlayer is 
another combination used between glass or as 
back cladding for high-security applications.

Natural Disaster Glazing 

Codes in Florida have driven the use 
of laminated glass to meet the testing 
requirements developed to resist the flying 
debris and the wind pressures caused by 
hurricanes. Different classification levels will 
define the glass type and the window system 
design required. Ionoplast interlayers with a 
2.28-millimeter thickness will resist the higher 
classification. Standard PVB will meet the 
lower classifications. 

Conclusion

Modern construction without laminated glass 
is no more an option to meet the architect 
and specifications needed and, at the same 
time, meet codes and regulations in place. 
In addition to this, the global challenges of 
our industrial world are calling for some new 
glazing solutions. Interlayer suppliers have 
already been able to address some of these 
challenges through innovative products, and 
will continue to do so in the coming years.

 · 硬质PVB中间膜（增塑剂含量低）

具有更高剪切模量和弹性模量的这些中间
膜增强了玻璃之间的连接从而提高了夹层
玻璃的强度。应力和变形的减少使得夹层
玻璃厚度可以减薄和/或增加其版面。这种
中间膜特别的硬度也提升了破碎后性能，
尤其是在钢化夹层玻璃结构中。这些提升
使他们特别适合如下的结构性应用：

 · 最小支撑玻璃结构

 · 采光顶玻璃

 · 结构性栏杆系统

 · 替换由单片钢化玻璃做成的玻璃系
统（消除由硫化镍引发自爆带来的
风险）

中间膜的力学性能与温度和荷载作用时间
有关。对于长期荷载和/或高温应用下，离
子性结构中间膜由于拥有更高的力学性能
而通常被选择使用（图6）。

安全提升中间膜（防爆炸，防侵入，防
弹，防飞溅）

对于这些应用的夹层玻璃解决方案通常都
是对某个应用量身定做的。玻璃品质是解
决方案的一部分。对于明确的威胁，框架系
统和其它硬件有助于形成一个有效的体系。

对于防爆炸性能，常规PVB和离子性中间
膜从爆炸场测试和激波管模拟爆炸测试形

成了大量测试数据。工程师和顾问会随法
规级别或者玻璃破碎后需要的硬度来选择
这两种中间膜。

对于防弹应用，规范要求玻璃既能阻止指
定的子弹，也能阻止背片玻璃产生的玻璃
碎片散落在房间内。 由一层中间膜和一
层聚酯薄膜连接的双层膜通过夹层工艺使
其覆在背片玻璃上可以非常好的保护玻璃
碎片。在聚酯薄膜上涂上硬质涂层可以提
高防刮擦性能。

聚碳酸酯和聚亚安酯结合是另外一种可以
用在玻璃之间或者背片玻璃覆层的组合，
它可以用在高安全要求的应用中。

防自然灾害玻璃

佛罗里达州规范要求使用可以满足抵抗由
飓风产生的飞行碎片和风压要求的夹层玻
璃。 不同的分类级别会规定相应设计要求
的玻璃类型和窗框系统。2.28mm厚的离
子性中间膜可以抵抗更高级别飓风而常规
PVB可以满足更低级别飓风。

结论

没有夹层玻璃的现代玻璃结构不再能满足
建筑师和设计者的要求，同时也不能满足
相应的规范和标准要求。接下来玻璃行业
面对的全球挑战是希望有新的玻璃解决方
案。中间膜供应商通过创新的产品可以
消除一部份挑战并还会在今后几年继续
去创新。

Figure 7. Effect of temperature on structural properties (Source: Trosifol)
图6. 温度对结构特性的影响（来源：佳氏福）
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