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Reconsidering Full Height Glass

Glass buildings with current technology are 
undergoing reconsiderations. From the “Death 
Ray” in Las Vegas that heated up guests,  the 
concaved “Walkie Talkie” that melted Jaguar 
car parts,  the stringent glazing reflectance 
codes from Shanghai to Dallas,  and energy 
consuming “nightmares,”  to the blinding 
glare on Sheikh Zayed Road,  there are 
room for improvements.  Selected cities, for 
example Toronto, regulate glass reflectance 
to avoid killing of birds near ground; others, 
like Chicago, have “lights out” programs for 
migratory birds.   While full height glass is 
perceived as a connection between inside 
with outside, this connection often stops 
at visuals in tall buildings.  When it comes 
to energy consumption, almost without 
exceptions, full height glass buildings perform 
worse than more opaque ones.  The best 
performers in New York City, accordingly to 
the city’s benchmarking, are the pre-1930 
buildings.  This suggests that we might have 
moved the building energy needle in the 
wrong direction in the last 100 years.   Recent 
research suggests a healthier environment 
is not only an environment that connects 
visually to the outside, but also one that 
connects all senses.  Are current all-glass tall 
buildings, often hermetically sealed, the best 
way forward?  This essay will evaluate glass in 
light of performance and health to determine 
ways forward.

A generation of tall buildings has been dominated by International Style with full height glazing 
that is often vision glass.  Large glass was intended to bring the outside in, to allow a connection 
to the natural environment, and to promote daylighting. Yet the glass box model of architecture 
is now under criticism due to expense to build, thermal and visual comfort issues for occupants, 
large carbon footprints, danger for birds, and aesthetic concerns with lack of transparency.  This 
paper will take a fresh look at glass, transparency, energy consumption, and human health 
before offering alternative paths forward.

Keywords: Comfort, Energy, Façade, Healthy, Sustainable

高层建筑的时代被采用通高玻璃（通常是透视玻璃）的国际风格主导。采用大面积的玻
璃是为了将室外的元素，如自然环境带入到室内，提高日光的利用。然而，建筑设计中
的玻璃盒模式由于它的建造成本、对使用者的热舒适度和视觉舒适度的影响、大量的碳
排放、对鸟类产生的危险，以及透明度低影响美观等方面的因素受到批评。本节在提供
其它向前发展的途径之前对玻璃、透明度、能耗和人类健康方面重新进行审视。

关键词：舒适度、能源、幕墙、健康、可持续性的
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Transparency in Urban Environment
城市环境的透明度

对于全高玻璃的重新思考

采用当前技术的玻璃幕墙建筑正在接受重
新审视。从灼伤客人的拉斯维加斯“死光
（Death Ray）”，伦敦“对讲机”摩天
大楼凹形立面玻璃幕墙的反光将捷豹车零
件热熔，从上海到达拉斯严格的玻璃反光
规范，能耗的“梦魇”，到迪拜谢赫扎耶
德路（Sheikh Zayed Road）上建筑的耀
眼眩光，都说明还有完善设计的空间。如
多伦多等城市，规定玻璃的反射率应避免
杀死靠近地面的鸟；芝加哥等其它城市，
则为候鸟制定了“熄灯”计划。虽然全高
玻璃能够有助于建立室内与室外之间的联
系，这种视觉连接却经常在高层建筑群中
被打断。从能源消耗方面讲，几乎没有例
外，通高玻璃幕墙建筑的节能效果要低于
采用更多不透明幕墙的建筑。除了受到建
筑肌理的影响以外，根据城市衡量标准，
纽约市能耗性能最佳的建筑是1930年之前
建成的建筑。这表明在过去的100年里，
我们可能将建筑节能标准指错了方向。最
近的研究表明，一个更健康的环境，不仅
是在视觉上与外界连接，而是一个与所有
方面都有联系的环境。目前全玻璃幕墙的
高层建筑常常是完全封闭的，这是未来发
展的最好方式吗？本文将从玻璃的性能、
健康及所选择的未来发展方式等方面对玻
璃进行评估。
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What is Glass For? 

Glass can provide daylighting, solar energy 
(performance), and visuals to outside (health).  
Windows can provide fresh air, free cooling, 
sound transfer, and better resiliency.  Do the 
basic functions of glazing (daylighting, solar 
energy, and visual connection), require full-
height glazing?  

Performance

Energy:  For most buildings, full height glass 
does not save energy.  It is consistent in all 
climate zones.  See Figure 1 for a study of a 
typical office building at 50 M (164.0’) x 50 
M (164.0’) with 8M (26.2’) perimeter zone 
(Figure 1).  As hermetically sealed boxes, glass 
curtain walls have higher infiltration rates 
than opaque wall construction (7.3 M3/Hr; 
0.4 CFM/sf for infiltration in glass vs. 2.2 M3/
Hr; 0.12 CFM/sf for opaque wall per DOE-K 
Gowri, 2009)  and worse thermal resistance.  
Conventional glass has a significantly lower 
(more than 5 times) thermal performance 
compared to insulated walls (prescriptive 
requirement of fenestration maximum: U-0.35 
Btu/Hr.ft2.ºF, U-1.99 W/M2.ºC, nonmetal 
framing; wall maximum: U-0.064 Btu/Hr.ft2.

ºF;  U-0.365 W/M2.ºC, Steel Building, Climate 
Zone 4, per ASHRAE 90.1, 2013).  As a result, 
the ASHRAE (American Society of Heating, 
Refrigeration and Air Conditioning Engineers) 
prescriptive standard limits glazing to 
40%  (ASHRAE 90.1, 2013).  See Figure 2 on 
performance when percentage of glazing 
is different than the 40% baseline within 
the same office building (Figure 2).  In its 
2013 issue, the prescriptive requirements 
also limited east and west façades to have 
less than 25% window wall ratio (WWR, low 
angles create glare).  IECC 2012 specifies 
the window wall ratio at 30%, though the 
way it calculates walls is slightly different.  In 
cooling-dominated environments, heat gain 
through windows from solar radiation and 
conductance are much more than opaque 
walls.  In heating climates, since direct solar 
heat gain is dynamic and moves from east to 
west throughout the day, while conductance 
heat lost is continuous throughout 24 hours, 
the net effect is usually an increase in glazing 
percentage worsens energy performance.  

Daylighting: From our study regarding a 
conventional office building, full height glass 
buildings provide more daylight to a space.  
The Advanced Building Daylighting Pattern 
Guide suggests that a space with a 9’ ceiling, 
a 100% interior wall glazed façade can get 
95% of the space day lit with 300 Lux at 7.92 
m (26’) lease span.   However, this daylighting 

玻璃的用途

玻璃可以提供采光、太阳热能（节能）及
与室外景观的视线联系（健康）。窗户通
常由玻璃组成，可以提供新鲜空气、自然
冷却、声音传递及更好的适应性。玻璃的
基本功能（采光、太阳能和视觉联系）要
求全高落地玻璃吗？

性能

能源：对于大部分建筑，全玻璃幕墙并
不节能。在所有气候区均如此。如图1所
示，为一项针对50 米 (164.0’) x 50 米 
(164.0’)、8米 (26.2’)外围进深区域的
标准办公建筑的研究（图1）。为了保持
一致性，在所有的气候区均采用相同的玻
璃，尽管在实践中有些气候响应特性有所
不同，特别是极端差异的气候。作为一个
封闭箱，玻璃幕墙比不透明墙具有更高的
渗透率（根据美国能源部2009年数据，玻
璃幕墙7.3立方米/小时; 0.4 立方英尺/分

Figure 1. Predicted energy use intensity of an office building in all climate zones (Source: SOM)
图1. 座办公建筑在所有气候区预测能源使用强度（来源：SOM）

钟/平方英尺，而不透明幕墙2.2立方米/
小时; 0.12立方英尺/分钟/平方英尺），
且热阻性能更差。尽管较高的渗透率能够
为室内引入更多的室外新风，但这是无法
控制的、难以量化的，且往往会产生能源
损耗。相对于保温墙体，传统玻璃的热
工性能更低（相差5倍以上），（规范规
定要求可视区域最大值：U-0.35 BTU /
Hr.ft2.ºF，U-1.99 W /M2.ºC，非金属框
架；墙体最大值：U-0.064 BTU /Hr.ft2.
ºF; U-0.365 W /M2.ºC，钢结构，气候
4区，根据2013年美国供暖、制冷和空
调工程师学会ASHRAE 90.1标准）。其
结果是，ASHRAE规定玻璃使用的标准
限值至40%（ASHRAE 90.1，2013年）      
（图2）。关于同一办公楼玻璃比例不同
于40％基准时的性能表现。在其2013年发
布的标准中，规范性要求也限制了东西外
墙的窗墙比应低于25％（WWR，低角度
形成眩光）。国际节能规范（IECC）2012
规定窗墙比为30％，其对墙体的计算方式
略有不同。在供冷为主导的环境中，通过
窗口从太阳辐射和传导所获得的得热比不
透明外墙多得多。在供暖环境中，由于直

Figure 2. Energy use difference in percentage of an office building in all climate zones (Source: SOM)
图2. 座办公建筑在所有气候区能耗差异的百分比（来源：SOM）
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comes at the expense of higher total energy 
consumption (Figure 3).  In Figure 4, using 
the same office building in Shanghai as an 
example, while increasing window wall ratio 
has benefits in daylighting and reduction 
in the “interior lights” category, the “heating” 
and “cooling” energy change is much more 
significant, and as result, overall energy 
consumption is increased.  The change in 
slope with window to wall ratio in Figure 4 
illustrates the same point (Figure 4).

Besides daylighting, another benefit of full 
height glass can be improving the day time 
circadian rhythm.  People in urban areas 
often spend much of the time indoor and 
suffer from “light deficiency” during the day.   
Increased window wall ratios can bring more 
daylight indoors to improve the situation, 
especially for people that are unable to go 
outside, e.g., sick patients in intensive care.   
At night, the situation is reversed.  Without 
closing the window curtains, bright light 
from surrounding buildings through glass 
can potentially disturb the circadian rhythm 
with too much light available while the body 
is trying to rest.   This is especially true with 
blue lights from neon signs or from exterior 
lighting of other buildings.  A rational solution 
can be walking outside during noon time, 
especially sunny days, roughly getting 80% 
of the anchoring (First 30-60 minutes) effect 
required in the daytime circadian rhythm, 
followed by dimmed lights in the evening. 

Thermal Comfort:  Achieving thermal comfort 
with full height conventional glazing is more 
difficult than a building with a lower window 
to wall ratio.  Thermal comfort, in terms of 
operative temperature, is an average of air 
temperature and mean radian temperature.   
Since glass has lower thermal resistance 
compared to a solid wall, a full height glazed 
space will be hotter in the summer and colder 

in the winter in mean radian temperature.  It 
is more difficult in extreme climates (hot or 
cold) to achieve comfort close to the exterior 
wall area.  As a result, some occupants in the 
exterior zones of the office buildings may 
have to dial up the air heat in the winter 
or dial down the cool air in the summer to 

“offset” the mean radiant temperature.  This 
can be part of the reason why we are seeing 
overheating and overcooling of the air 
temperature in many offices which have a 
glass exterior.   

Glare:  Full height glazing will create more 
glare.  Part of the issue is the nature of the 
sun’s path from east to west creates many 
hours of low angled sunshine that is hard 
to shade.  This can partially explain Urban 
Green’s “Seduced by the View” report that 
59% window area was covered by blinds and 
shade at all time.  Over 75% of buildings had 
more than half their windows covered by 
blinds.   Dynamic glazing that can change 
opacity can help, though people with very 
sensitive eyes still can have glare issues.

接太阳得热在一天内从东到西呈现动态变
化，而通过传导损失的热量在24小时中是
连续的，玻璃比例的净效应通常是增加玻
璃比例将降低节能性能。

采光：从我们对传统办公建筑的研究中得
出，通高玻璃幕墙能够为室内空间提供更
多的日照。先进的建筑采光模式指南中建
议，对于9英尺吊顶的空间，100%落地
玻璃立面使得室内95%的空间能够获得
日照，7.92米（26英尺）的出租跨度内为
300Lux。但这样的采光是以更高的总能耗
为代价的（图3）。在图4中，以上海同样
的办公建筑为例，尽管增加窗墙比有利于
建筑室内空间获得更多的日照，减少“室
内照明”用量，但供暖和制冷能源方面的
变化更为显著，因此总能耗是增加的。图
4中窗墙比的变化率证明了这一观点  
（图4）。

除了采光，通高玻璃幕墙的另外一个优点
是能够提高日间的生理节律。生活在城市
区域的人们停留在室内的时间较多导致
受“日照不足”的影响。增加窗墙比能够
使更多的日光照射到室内，从而改善这种
情况，特别有利于那些无法到室外的人
们，例如在重症监护室的病患。在夜间，
情况正好相反。如果不拉窗帘，在人们的
身体需要得到休息的时候，周边建筑透过
玻璃的明亮的光线会扰乱生理节律，特别
是来自霓虹灯的蓝色光线或其它建筑的外
部照明。一种比较合理的解决方案是正午
时在室外行走，特别是在天气晴朗的日
子，约可获得日间生理节律所需的锚定效
应（起初的30-60分钟）的80%，其余的
则通过在夜间变暗的灯光获得。

热舒适度：采用通高传统玻璃来实现热舒
适度比窗墙比较低的建筑更难。从有效温
度方面而言，热舒适度是指空气温度以及
平均辐射温度的平均值。由于与实心墙相
比，玻璃的热阻较低，在平均辐射温度方
面，夏季带有通高玻璃的空间将会更热，
冬季则会更冷。在极端气候条件下（热或

Figure 4. Window Wall Ratio impact on energy consumption for an office building in Shanghai (Source: SOM)
图4. 一幢上海办公建筑中窗墙比对能耗产生的影响（来源：SOM）

Figure 3. Daylighting with 100% interior windows at 2750mm (9’) ceiling (Source: ADVANCED BUILDINGS INSTITUTE)
图3. 带有100%室内窗户的2750mm（9英尺）吊顶空间的采光（来源：ADVANCED BUILDINGS INSTITUTE）
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Resiliency: Sealed, full height glazing reduces 
the resiliency of buildings, particularly tall 
buildings. In the event of a power outage 
or failure of a mechanical system, building 
occupants need a certain level of indoor 
comfort maintained. In cooling-dominated 
buildings – most offices – sealed full height 
glazing increases solar gains and indoor 
temperatures. Lower window-to-wall ratios 
help reduce solar gains to maintain more 
comfortable indoor conditions. Operable 
windows can further improve the resilience 
of a building by providing ventilation and 
cooling even when mechanical systems or 
power may have failed. The United States 
Green Building Council (USGBC) offers a 
LEED pilot credit for Resilient Design, and 
particularly for Thermal Resilience, which 
describes how well a building can passively 
maintain livable indoor conditions in the 
event of an emergency.  Tall buildings can 
exacerbate this resiliency concern for all glass 
buildings because they are less often mutually 
shaded by surrounding buildings, which 
exposes them to even more solar radiation.   

In summary regarding performance, while 
full height glazing can bring about better 
daylighting and daytime lighting for circadian 
cycle, it is not as beneficial to energy, thermal, 
comfort, glare, resilience, and potential night 
time circadian rhythm performance.

Health

The urban environment, especially in 
hermetically sealed tall buildings, has 
decoupled humans with nature.  Humans and 
animals have important roles in the ecology 
of life, both in contributing and receiving the 
benefits from the ecology system.  Isolation of 
a species can have unintended consequences.  
Urban populations spend 90% of their time 
indoor in relatively sterile environment.  Life 
expectancy in the US during much of the 
1800s was about 40 years, though infant 
and childhood mortaility were important 
factors to consider.  Starting around 1890, life 
expectancy in US started to climb (yellow 
bubbles in Figure 5 (Figure 5), coinciding with 
a switch to a more fossil fuel basd economoy 
and also  with acceleration of urbanization 
(see Figure 5).   In 2015, US estimated life 
expectancy was 79.68.   

We almost doubled our life expectany in 
the last century.   The US is not alone, as 
many countries have also increased their life 
expectancy with urbanization.  Life exptancy 
is expected to climb further in the near future 
in most countries.   As we live longer, several 
trends suggest the human race is becoming 

冷），靠近外墙的区域更难实现其舒适
度。因此，办公建筑外区的部分使用人员
可能在冬季需要调高供热或在夏季调低供
冷以“抵消”平均辐射温度的影响。这就
是我们在很多采用玻璃外墙的办公建筑中
发现室内温度过热和过冷的部分原因。

眩光: 尽管有多种因素会影响眩光，但通
高玻璃很容易就会带来过多地光线。此
问题的部分原因是由于从东向西的日照
路径会产生多个小时的低角度日照，很
难遮挡。这也部分解释了城市绿化委员
会“Seduced by the View”报告中所提
到的59%的窗户区域一直被百叶和遮阳装
置遮挡的情况。超过75%的建筑中有多于
一半的窗户被百叶遮挡。能够调节通透度
的动态玻璃会有所帮助，但对于眼睛敏感
的人来说，仍存在眩光的问题。  

适应性：封闭的、通高玻璃减少了建筑的
适应性，特别是高层建筑的适应性。在断
电或机电系统发生故障的情况下，大楼内
的使用人员需要室内保持一定的舒适度。
大多办公建筑为供冷为主的建筑，封闭的
通高玻璃增加了太阳得热，提高了室内的
温度。较低的窗墙比有助于减少太阳得
热，保持更为舒适的室内环境。可开启窗
通过提供通风和冷却，即便在机电系统或
电力发生故障的情况下，也能进一步改善
建筑的适应性。特别是对于经常发生断电
区域内的建筑，设置可开启窗十分有利，
应提供规格适宜的可开启窗并布置在合理
的位置，提供最低限度的通风量。美国绿
色建筑委员会（USGBC）提供了一个适应
性设计，特别是热适应性设计的LEED试

Figure 5. Life expectancy and carbon emission growth in the US, from 1800 (Source: GAPMINDER)
图5. 美国自1800年以来预期寿命和碳排放增长（来源：GAPMINDER）

行得分项，描述了在紧急情况下，建筑如
何很好地被动保持舒适的室内环境。在所
有的玻璃幕墙建筑中，高层建筑在适应性
性方面的顾虑更大，因为它们通常不会与
周边的建筑形成相互遮阳，使得这些建筑
暴露在更多的太阳辐射下。

综上所述，从性能方面而言，尽管采用通
高玻璃能够带来更好的日照以及更好的日
间生理节奏，但对于能源、热工、舒适
度、眩光、适应性以及夜间生理节奏表现
而言益处相对较少。

健康

城市生态环境，尤其在封闭的高层建筑
中，人与大自然分隔开来。无论是对生态
系统做出的贡献，还是从生态系统获得所
带来的益处，人类和动物都扮演着非常重
要的角色。城市居民90%的时间都处在相
对无菌的室内环境中。远在19世纪，美国
的预期寿命在40岁左右，（尽管婴儿和儿
童的死亡率是需要考虑的重要因素）。大
约从1890年开始，伴随着矿物燃料为基础
的经济更替及城市化进程的加快，美国的
预期寿命开始攀升（请参见图5中的黄色
气泡部分）（图5）。在2015年，美国估
计的预期寿命为79.68岁。

在过去的一个世纪中，我们的预期寿命几
乎翻了一倍 。 不仅仅在美国，其他许多
国家的预期寿命也随着城市化进程而有所
提高。在大多数国家，预期寿命在不久的
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more fragile, and decoupling with nature is at 
least part of the reason (Figure 6). 

Humans become more obese:  Obesity in 
the US accelerated around the early-mid 
20th century, around the time when air 
conditioning was introduced and popularized. 
Today, obesity has become an epidemic 
in selected developed countries.  Obesity 
is projected to become an even larger 
problem in the future by the Organization for 
Economic, Cooperation and Development 
(Figure 7).  While diet, exercise, and genetics 
are often blamed as causes, living in 
conditioned, indoor environments can be a 
cause of obesity.    Recent studies also indicate 
obesity can be caused by our hermetically 
sealed buildings that isolate the microbial 
biome from the outdoors and interrupt the 
natural circadian cycle. 

Chronic Diseases: Asthma has been identified 
as a developed world disease.   Allergies 
are on the rise with increasing urbanization.   
While the causes of asthma and allergies 
can be varied, they are also linked to the 
disturbances of the microbial biome through 
hermetically sealed buildings.  Interruption 
of the circadian cycle, potentially from bright 
and blue light from surrounding the urban 
environment through all glass buildings, was 
related to causing different types of cancer.  
Further scientific research is still required to 
confirm these findings.

Mental Health Disorder:  According to Richard 
Louv, US author and journalist, our generation 
suffers from “Nature Deficit.”   Without proper 
interaction with nature, our children suffer 
from a wide range of disorders, which are 
not documented in the medical manual as 
a disorder, e.g., ICD-10, DSM-5.  A study from 
Stanford University also indicated that the 

将来也有望持续攀升。当我们的寿命变
长，我们也会变得更加脆弱吗？一些趋势
表明人类正变得越来越脆弱，与大自然的
脱离至少是其中部分原因（图6）。 

人类变得更加肥胖：大约在二十世纪初至
二十世纪中，当空调在美国引入及推广的
时候，美国的肥胖率开始加速增长。尽管
导致肥胖的其它因素在那段时间也同样发
生了变化，但不可否认空调的推广使得更
多的人们愿意花更长的时间在封闭的建筑
内，成为了导致肥胖的一大因素。如今，
肥胖已成为一些发达国家的流行病。经济
合作与发展组织预计肥胖在未来会成为更
大的问题（图7）。尽管饮食，运动，和
基因经常被指为肥胖的成因，但长期生活
在室内空调环境中也会造成肥胖。最近的
研究还表明，封闭的建筑隔离了室外的微
生物种群并打断了自然的昼夜周期，这也
会造成肥胖。上述示例科学地解释了将人
类与自然隔离后所产生的影响。 

慢性疾病：哮喘已被认定为一种在世界上
广泛流行的疾病 。随着城市化进程的加
剧，过敏反应的发病率也在上升。虽然哮
喘和过敏的发病原因可以是多种多样的，
但封闭的建筑对微生物种群的干扰与哮喘
和过敏的病发有着联系。干扰昼夜周期,城
市周边环境透过全玻璃幕墙进室内的强光
特别是蓝光，会对生物钟造成干扰, 也是
造成不同类型癌症的原因。这些研究发现
仍需要进一步的科学研究证明。 

精神健康障碍：美国作家兼记者理查德•
洛依表示，我们这一代人遭受着“自然缺
失”所带来的影响。如果不能与大自然进
行适当的互动，我们的孩子会患有多种疾
病，这些疾病并没有记录在医疗手册中，
例如ICD-10, DSM-5。斯坦福大学的一项
研究也表明，有更多的精神疾病与城市环
境相关，在大自然中散步90分钟可以降低

Figure 6. Life expectancy and birth by region, 1950–2050 (Source: UNITED NATIONS)
图6. 1950年至2050年，预期寿命及出生率（按地区划分）（来源：UNITED NATIONS）

Figure 7. Obesity rate in developed countries from OCED data (Source: OCED)
图7. 发达国家的肥胖率（来自经济合作与发展组织的数据）（来源：OCED）

urban environment is associated with more 
mental disease, and a 90 minute walk in 
nature can reduce activities in the area of the 
brain where it is known to cause depression, 
which is vital in the urban environment.   The 
same study concluded city dwellers have a 
20% higher risk of anxiety disorder and 40% 
higher risk of mood disorder.  

Moving Forward

Energy:  Due to higher infiltration and 
lower thermal resistance, all glass buildings 
consume more energy.  To mitigate the 
impact, either glass percentage has to be 
lowered, full height glazing impact must 
be minimized by integrated building 
elements, or advance façade designs must 
be developed.  Current SOM projects have a 

Volume 1 and 2 book.indb   946 9/12/2016   8:26:48 PM



    CTBUH 2016 Shenzhen · Guangzhou · Hong Kong Conference  |  2016年CTBUH深圳 · 广州 · 香港国际会议    947

wide range of window wall ratio, including 
buildings with 34% (Figure 8).  While the 
building does not exceed 40% window wall 
ratio overall, full height glass was strategically 
place in area of highest potential for view 
and transparency.  There are websites that 
have exemplary buildings that are below 40% 
glazing, e.g.,  “40 under 40”  – forty exemplary 
buildings under 40% window wall ratio. Other 
buildings have integrated shading devices 
that use non-reflective material to minimize 
glare and shade the window (Figure 9).  The 
use of ceramic elements to reduce WWR and 
help shade the glazing is another option.      

Regarding advance façades, a fan assisted 
double wall can be integrated with an atrium 
to provide inside-out ventilation for the Bank 

of Beijing.  Rather than bring outside air in 
for natural ventilation, this building will use 
the atrium to bring the outside air into the 
base of the building, then use stack effect of 
the ventilated double wall windows, with fan 
assist, to pull the atrium air to work spaces 
(Figure 10).  

大脑中已知的会导致抑郁区域的活跃度，
这在城市环境至关重要。同一研究还得出
一项结论，即城市居民患上焦虑症的风险
要高20％，患上情绪障碍疾病的风险要高
40％。 

未来的发展

能源：由于较高的渗透和较低的热阻，全
玻璃建筑能耗更大。为了减轻这种影响，
可以减少玻璃的百分比，必须通过整合的
建筑元素将通高玻璃产生的影响降到最
低，或必须采用先进的外立面设计。SOM
目前的项目中所设计的窗墙比范围较广，
包括34%窗墙比的建筑（图8）。在建筑
整体上不超过40%窗墙比的前提下，全
层高玻璃被精心安排在视线和通透度最佳
的位置。有些网站中列出了玻璃比例低于
40%的建筑范例，例如“40 under 40” 
-列出了窗墙比低于40%的40个范例建
筑。其它建筑则结合了遮阳装置，采用非
反射材料，以尽可能地减少眩光并为窗户
提供遮阳（图9）。利用陶瓷构件降低窗
墙比，为玻璃提供遮阳。

有关先进的外立面系统，北京银行项目中
采用了带有风机辅助的双层幕墙系统，结
合中庭，为建筑提供了由内而外的通风。
该建筑并没有在办公空间直接引入室外新
风进行自然通风，而是利用中庭将室外自
然新风引入建筑的底部，再利用通风双层
幕墙上窗户的烟囱效应，借助风机，将中
庭的空气引入工作空间（图10）。

需要进行更多的研究，使得窗户能够像不
透明墙体一样节能。未来的开发项目需要
采用能够与太阳进行动态呼应的玻璃系
统，可采用电致变色玻璃来实现，与不透
明墙体具有相似的热工性能（热阻值和渗
透率）。应注意到很多的窗户技术，包括
R-20窗户，已经问世，需要大批量生产以
降低制造成本。

健康：封闭的全玻璃幕墙高层建筑仅提
供了视觉上的联系，整体性感官, 包括视
觉、嗅觉以及触觉等多方面可为人们提供
一种更健康、更积极的体验。最近的研究
表明，居住在最绿色地区中的女性（同样
适用于男性)和生活在其它区域的人相比，
患肾脏疾病的死亡率要低41%，患呼吸系
统疾病的死亡率要低34%，患癌症的死亡

Figure 8. China State Construction Engineering Corporation Headquarters, Beijing: less than 40% window wall ratio 
(Source: SOM)
图8. 北京CSCEC总部大楼，低于40%窗墙比（来源：SOM）

Figure 10. Bank of Beijing ventilated double wall (Source: SOM)
图10. 北京银行项目通风双幕墙（来源：SOM）

Figure 9. Guiyang Tower, Guiyang, China, integrated façade shading to minimize WWR and glazing impacts (Source: 
SOM)
图9. 贵阳大厦，贵阳，中国，整合的外立面遮阳，尽可能减少窗墙比以及对玻璃产生的影响（来源：SOM）
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率要低13%。另一个针对绿灰虫导致树木
受到严重破坏的研究表明人类因此而患心
血管疾病和下呼吸道疾病而导致的死亡率
也有所增加。尽管该研究中谨慎提醒他们
探究了相关性，而不是因果性，但从这些
发现中可以看出大自然为人们提供了主要
的公共健康福利：

视觉：对于通高玻璃视线，如果人们认为
获得了自然开敞的视线，则它能够为人们
的健康带来积极的影响。透过通高玻璃向
外望去，能为人们带来美好的体验，但同
时人们所感受到的开阔性以及人们透过窗
户所看到的是怎样的景致也十分重要。最
近的研究显示窗户所产生的积极的视觉效
果更多的是关于人们所感受到的开阔性，
而高层建筑能够为人们提供这样的感受。
同时，从视觉影响角度而言，欣赏到绿化
景观是最有益的，欣赏到水景比欣赏到城
市建筑环境更佳。自然的视觉效果有助于
提升人们的感知能力，使人感到放松。芝
加哥大学Mac Berman教授针对多伦多市
进行的研究显示在一个城市街区内种植
10棵树会让人感觉到多拥有$10,000的财
富，并年轻了7岁。同时，隔离的自然系
统，例如大楼内的盆栽，则不如生长在室
外大自然中的植物成长的茁壮。在城市环
境中，较高的建筑能够提供更加开阔的视
野，因为随着标高的增加，视线范围也随
之扩大。而低层建筑也许无法提供周边海
洋或公园的景致，而高层建筑更有可能让
人们欣赏到这样优美的景色。

嗅觉：与自然空气相连，并不需要采用通
高玻璃，可通过微生物、芬多精以及负离
子为人们同时带来身体和精神上的益处。
俄勒冈大学的一项研究表明利用机械通风
的室内空气中微生物的种类较少，病原
体种类较多，而室外新风中往往有更加
多样性的微细菌以及较少的病原体。相
比封闭的建筑，带有可开启窗的建筑有
更加多样性的微细菌。这表明建筑应尽
量在适当的位置与室外相通，因为室外环
境中存在更多样性的微生物。根据纽约州
环境保护部门，人们通过吸入森林中的芬
多精能够增强人类的免疫系统。芬多精是
树木所排放的一种抗真菌和抗菌化学物。
当吸入人体后，它们能够增加人体内白细
胞的数量，增强人体的免疫系统。在城市
区域，芬多精的含量与森林相比较低。此
外，在与室外仅有视觉联系的封闭的建筑
中，其产生的效果与阴天时人们感到昏昏
欲睡、无精打采的效果类似。这是因为室
内的正离子（带有正电荷的二氧化碳）会
令人感到昏沉和疲倦。与此相反，负离子
（带有负电荷的氧分子）则有利于提升人
们的情绪。海岸、山脉、树木和瀑布都富
含有负离子。乡间空气中每立方厘米平均
含有2000-4000的负离子，而可以“接
受的”室内环境中每立方厘米平均仅含有
200-400的负离子。最终的结果是在带有
极少通风的封闭的建筑中人们在室内会感
到更加疲惫。

Much research needs to be done to make 
windows as energy efficient as opaque walls.  
Future developments need glazing that can 
dynamically react to solar, which can be done 
with electrochromatic glazing, and has similar 
thermal performance (R value and infiltration) 
compared to an opaque wall.  It should 
be noted that many window technologies, 
including R-20 window, are available already,  
although they need to be mass produced to 
lower cost production cost.  

Health: Rather than just visual connection 
in our hermetically sealed all glass tall 
buildings, a holistic spectrum of senses, visual, 
olfactory, and tactile can create a healthier 
and more positive experience.  Recent studies 
indicated women (also applicable to men) 
that live among the greenest areas have 41% 
lower death rate for kidney disease, 34% 
lower death rate for respiratory disease, and 
13% lower death rate for cancer.   Another 
study on trees lost due to the Emerald Ash 
Borer concluded human mortality related 
to cardiovascular and lower-respiratory-
tract illness increased as a result.   Though 
the study cautioned that they explored 
correlation and not causation, these findings 
add to a growing knowledge that nature 
provides major public health benefits.

Visual:  Full height glass views can have 
positive health benefits if the view is 
perceived as an open view of nature.  The 
aesthetic of a full height glazing view to the 
outside can be fantastic, but the perceived 
openness and what occupants see through 
the window also matter.  Recent research 
suggests the positive visual effect of having 
windows may be more about the perceived 
openness, which tall buildings can offer.   
Also, seeing green landscape has the most 
benefit regarding visual impacts.  Seeing 
water is also better than seeing the urban 
built environment.  Visuals of nature can 
improve cognitive abilities and help us to 
relax.  Research in Toronto by Professor Marc 
Berman from The University of Chicago 
suggested having 10 trees on a city block 
can make a person feels $10,000 richer and 
7 years younger.   Also, disconnected nature, 
similar to potted plants inside a building, are 
less likely to thrive than plants integrated with 
nature outdoors. Taller buildings in urban 
environments can provide greater access to 
open views of nature given the increased 
view range from higher elevations. While a 
low-rise building may not provide views of 
the nearby ocean or park, a high-rise building 
is more likely to provide such a view.  

Olfactory and beyond:  Connection to air 
from nature does not require full height 
glass, and can bring about both physical 

and mental benefits through microbials, 
Phytoncides, and negative ions.  A University 
of Oregon study indicated indoor air with 
mechanical ventilation has less diversity 
of microbials and more pathogens, while 
outdoor air tends to have a larger diversity 
of micro bacteria and less pathogens.  A 
building with operable windows has more 
diversity of micro bacteria than a sealed 
building.   This suggests a building should 
be opened to outside where possible given 
the outdoor ambient reflects a higher 
diversity of microbials.  The immune system 
of humans can be enhanced by breathing in 
Phytoncides from the forest according to the 
New York State Department of Environmental 
Conservation.  Phytoncides are an antifungal 
and antibacterial chemical that is produced 
by trees.  When breathed into human bodies, 
they increase the white blood cell count to 
boost our immune system.  In urban areas, 
the Phytoncides level is lowered than in a 
forest with trees.  Additionally, the effect of 
having a hermetically sealed building with 
only visuals to the outside can be compared 
to humans feeling lethargic during cloudy 
days.  This is because of the impact of indoor 
positive ions (carbon dioxide with a positive 
charge) can make us feel lethargic and 
tired.   On the contrary, negative ions (oxygen 
molecule with a negative charge) are a mood 
enhancer.  The ocean shore, mountains, trees, 
and waterfalls are all great sources of negative 
ions.  Compared to country air, an average 
of 2000–4000 of negative ions per cubic 
centimeter, indoor “acceptable” environments 
only have 200–400 negative ions per cubic 
centimeter. The net effect is humans can feel 
more tired indoors in hermetically sealed 
buildings with minimal ventilation.

Tactile: Touching nature can be beneficial.  
Researchers from New York University, after 
studying the microbial biome in different 
indoor surfaces in the City of Manaus in 
Brazil and the Village of Checherta in Peru, 
concluded, “The remarkable changes in home 
microbial content across differing levels of 
urbanization raise the possibility that the 
reduced microbial exposure to environmental 
bacteria seen in modern homes contributes 
to immune and metabolic disorders, from 
asthma to obesity, which have become the 
new disease paradigm in the industrialized 
world” (J. F. Ruiz-Calderon, 2016).   Researchers 
also found that the touching of other 
microbes outdoors can have positive impacts.  
For example, Mycobacterium Vaccae, a 
bacteria often found in soil that people will 
touch through gardening, may stimulate 
serotonin production, which mirrors the effect 
on neurons similar to drugs like Prozac.  
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触觉：接触大自然有益人们的身心健康。
纽约大学的研究人员在对巴西马瑙斯市以
及秘鲁Checherta村落室内不同表面的微
生物种群进行研究之后做出以下总结：“
在城市化各个层面中室内微生物含量发生
了显著的变化，减少了现代家庭中微生物
暴露于环境细菌中的机会，从而增加了人
类免疫系统和新陈代谢系统紊乱的可能
性，例如哮喘和肥胖，这些疾病已成为工
业化国家中新增的疾病种类（J. F. Ruiz-
Calderon, 2016）。”研究人员还发现接
触户外空间其它的微生物也会带来正面的
影响。例如：牝牛分枝杆菌，这种细菌通
常存在于土壤中，人们在进行园艺作业的
时候会接触到，这种细菌可能会促进血清
素的产生，其对神经元的效用，与抗抑郁
药物Prozac的效果相似。

更多的研究表明一个更加健康的环境应该
是人们可以通过所有的感官与大自然进行
互动，而不是在封闭的建筑中将人与自然
环境分隔开。但这将引出一个更大的问
题，即我们所居住的城市中有多少自然环
境？在很多城市的环境中，即便建筑与
室外有某种程度的接触，但与自然环境
相比，人们还是会受到诸如噪音、空气
质量、视觉以及触觉等诸多城市环境副
产品所带来的负面影响。有些人建议将自
然带到我们的建筑中，但这必须经过深思
熟虑，因为并非所有植物都适宜种植在室
内，例如花叶芋对人类是有毒的，其它植
物例如和平百合及其土壤中的微细菌，也
会产生有害的挥发性有机化合物。另外一
种解决方案是在室外空间中设计更多的自
然景观，并采用半气候调节措施（例如遮
阳装置、局部供暖、局部制冷）来延长该
空间的使用时间，以便人们在室外逗留更
长的时间。SOM已经研发了一种实验性住
宅，将郊区的独栋住宅竖向叠加，形成一
栋高层建筑，每一个家庭都拥有自己的花
园（图11）。该设想使得每一个家庭都拥
有与自然环境接触的机会。在高层建筑中
人与自然脱钩所产生的其它影响还有待进
一步研究。

Figure 11. Experimental Home of the Future (Source: SOM)
图11. 未来住宅实验项目（来源：SOM）

More research suggests a healthier 
environment is one that humans can 
holistically integrate with nature through all 
our senses rather than hermetically sealed 
buildings that decouple humans from the 
natural environment.  However, this points 
to a larger issue of how much nature we are 
getting in our cities.  Given the environment 
in many cities, even when the buildings 
are opened to the outside, we may be 
getting more of the byproducts from urban 
environment in terms of noise, air quality, 
visual, and tactile than nature.  Some suggest 
bringing nature into our buildings, but this 
has to be a very thoughtful process, since 
not all plants are necessarily healthy indoor.  
Selected plants, e.g., Caladium, are poisonous 
to humans,  others plants like the Peace Lily, 

and associated micro bacteria in the soil, can 
generate potential harmful volatile organic 
compounds.   The other solution is to design 
outdoor spaces that have more nature and 
can be used through extended periods 
of time through half climate conditioning 
(shading, spot heating, spot cooling etc.), so 
people can spend more time outdoors.  SOM 
has developed an experimental housing 
scheme that stacks suburban homes to 
form a tall building with potential gardens 
for each home (Figure 11).  The idea allows 
each dwelling to have its own access to 
nature.  There are still many issues we do not 
understand when decoupling people with 
nature in our tall buildings.  More research will 
need to be done.

References:

10 Toxic Houseplants That Are Dangerous For Children And Pets. Available at: https://dengarden.com/gardening/Dangerous-Beauties-
Twenty-Toxic-Houseplants-to-Avoid-Around-Children-and-Pets

40 Under 40. Available at: https://www.pinterest.com/zsmith6949/40-under-40/

ASHRAE Standard 90.1, 2013. (2013). Energy Standard for Buildings Except Low-Rise Residential Buildings. 

Asthma. Available at: https://en.wikipedia.org/wiki/Asthma

Butry, D.T., Michael Y.L., Prestemon J.P., Liebhold A.M., Gatziolis D. and Mao M.Y. (2013). “The Relationship Between Trees and Human Health: 
Evidence from the Spread of the Emerald Ash Borer”, Am J Prev Med. 2013 Feb 44(2):139-45. 

Carlisle, C. (2013). Proposed Dallas Code Amendment Shines Lights on Glare Issue. Availabe at: http://www.bizjournals.com/dallas/
blog/2013/07/proposed-dallas-ordinance-shines-light.html

Volume 1 and 2 book.indb   949 9/12/2016   8:26:54 PM



950    Façade Performance  |  立面性能

Data Disclosure & Reports. http://www.nyc.gov/html/gbee/html/plan/ll84_scores.shtml

Daylighting Pattern Guide. Available at: http://patternguide.advancedbuildings.net/

“Death Ray” at Vegas Hotel Pool Heats Up Guests. Available at: http://www.nbcnews.com/id/39403349/ns/travel-news/t/death-ray-vegas-
hotel-pool-heats-guests/

Donovan, G.H., James, P., Hart, J.E., Banay R.F. and Laden, F. (2016). Exposure to Greenness and Mortality in a Nationwide Prospective Cohort 
Study of Women. Environmental Health Perspectives.

Gowri, K., Winiarski, D. and Jarnagin, R. (2009). Infiltration Guidelines for Commercial Building Energy Analysis, PNNL-18898. Prepared for 
the U.S. Department of Energy under Contract DE-AC05-76RL01830.

Gregory, N., Bratman, J., Hamilton, P., Hahn, K., Daily, G. and Gross, J. (2015). “Nature Experience Reduces Rumination and Subgenual 
Prefrontal Cortex Activation”, 112 (28) 8567-8572.

Grinde, B., and Patil, G.G. (2009). “Biophilia: Does Visual Contact with Nature Impact on Health and Well-Being?”,  Int J Environ Res Public 
Health. 2009 Sep 6(9): 2332–2343. 

Harless, W. (2012). Taxes on Unhealthy Foods Gain Traction in Europe. Available at: http://www.pbs.org/newshour/rundown/while-soda-tax-
debate-continues-in-the-us-taxes-on-unhealthy-foods-gain-traction-in-europe/

Harvard Health Letter. (2012). Blue Light Has a Dark Side. Available at: http://www.health.harvard.edu/staying-healthy/blue-light-has-a-dark-
side

Healthy Heating. Available at: http://www.healthyheating.com/Definitions/Operative-temperature.htm#.VzXhh60m7IU

How the Cycles of Light and Darkness Affect Your Health and Wellbeing. Available at: http://articles.mercola.com/sites/articles/
archive/2014/01/19/sleep-light-exposure.aspx

Ions, Winds, Waterfalls and Well-Being. Available at: https://www.econesthomes.com/natural-building-resources/articles/healthy-home-
corner-8/

Jordan, R. (2015). Stanford Researchers Find Mental Health Prescription: Nature. Available at: https://news.stanford.edu/2015/06/30/hiking-
mental-health-063015/

Kardan, O., Gozdyra, P., Misic, B., Moola, F., Palmer, L.J., Paus, T. and Berman, M.G. (2015). “Neighborhood Greenspace and Health in a Large 
Urban Center”, Scientific Reports 5(11610).

Kembel, S.W., Jones, E., Kline, J., Northcutt, D., Stenson, J., Womack, A.M., Bohannan, B., Brown, G.Z. and Green, J.L. (2012). “Biology and the 
Built Environment Center”, Institute of Ecology and Evolution, Department of Biology, University of Oregon, Eugene, OR, USA; Energy 
Studies in Buildings Laboratory, Department of Architecture, University of Oregon, Eugene, OR, USA and Santa Fe Institute, Santa Fe, NM, USA, 
Architectural Design Influences the Diversity and Structure of the Built Environment Microbiome, The ISME Journal (2012) 6, 1469–1479.

Life Expectancy for Countires, 2015. Available at: http://www.infoplease.com/world/statistics/life-expectancy-country.html

Lights Out Chicago. Available at: http://www.cityofchicago.org/city/en/progs/env/lights_out_chicago.html

Louv, R. (2005). Last Child in the Woods.

Matthew, A.P. (2001). Glass Façades of High-Rise Buildings Catch Driver in the Glare. Available at: http://gulfnews.com/news/uae/general/
glass-facades-of-high-rise-buildings-catch-driver-in-the-glare-1.420951

Moellering, D.R. and Smith Jr., D.L. (2014). Ambient Temperature and Obesity. Available at: http://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3975627/

National Institute of Health. (2006). “The Future of Human Life Expectancy:  Have We Reached the Ceiling, Or, Is the Sky is the Limit?”,  
No.8 March 2006, Research Highlights, Population Reference Bureau.

New York State, Department of Environmental Conservation. Immerse Yourself in a Forest for Better Health. Available at: http://www.dec.
ny.gov/lands/90720.html

Nicolaou, S.N. and Custovic, A.N. (2005). Allergy Disease in Urban and Rural Population: Increasing Prevalence with Increasing 
Urbanization, Allergy.

Volume 1 and 2 book.indb   950 9/12/2016   8:26:54 PM



    CTBUH 2016 Shenzhen · Guangzhou · Hong Kong Conference  |  2016年CTBUH深圳 · 广州 · 香港国际会议    951

O’Leary, E. (2015). It’s Hot Out and You’re Probably Freezing at Your Desk. Available at: http://www.boston.com/jobs/jobs-news/2015/05/11/
its-hot-out-and-youre-probably-freezing-at-your-desk

Rahi, S. Physical Laws and Social Order, Positive Ion Poisoning. Fayetteville State University, Fayetteville, NC.

Ruiz-Calderon, J.F., Cavallin, H., Song, S.J., Novoselac, A., Pericchi, L.R., Hernandez, J.N., Rios, R., Branch, O.H., Pereira, H., Paulino, L.C., Blaser, M.J., 
Knight, R. and Dominguez-Bello, M.G. (2016). “From Huts to Cities: Changes in Dwellings Impact Microbe Exposure for Human Immune 
System”, New York University, Walls talk: Microbial biogeography of homes spanning urbanization. Science Advances, 2016; 2 (2).

Schlangen, L. (2014). The Effect of Light on Our Sleep/Wake Cycle.

Seduced by the View. Available at: http://urbangreencouncil.org/seduced-by-the-view

Straube, J. (2008). BSD-006: Can Highly Glazed Building Façades Be Green?. Available at: http://buildingscience.com/documents/insights/
bsi-006-can-fully-glazed-curtainwalls-be-green

Understanding the American Obesity Epidemic. Available at: http://www.heart.org/HEARTORG/HealthyLiving/WeightManagement/Obesity/
Understanding-the-American-Obesity-Epidemic_UCM_461650_Article.jsp#.Vy7IUa0m7IU

“Walkie-Talkie” Skyscrpaer Melts Jaguar Car Parts. Available at: http://www.bbc.com/news/uk-england-london-23930675

Why Your Brain Needs a Garden. Available at: http://articles.mercola.com/sites/articles/archive/2014/08/21/gardening-impacts-brain-health.
aspx

Wilson, A. (2009). Making the Case for Triple-Glazed Windows. Available at: http://www.greenbuildingadvisor.com/blogs/dept/energy-
solutions/making-case-triple-glazed-windows

Wilson, A. (2015). LEED Pilot Credits on Resilient Design Adopted. Available at: http://www.usgbc.org/articles/leed-pilot-credits-resilient-
design-adopted

Wright Jr., K.P., McHill, A.W., Birks, B.R., Griffin, B.R, Rusterholz, T. and Chinoy, E.D. (2013). “Entrainment of the Human Circadian Clock to the 

Natural Light-Dark Cycle”, Current Biology 23, 1554–1558. Elsevier Ltd. Available at: http://dx.doi.org/10.1016/j.cub.2013.06.039. Sleep and 
Chronobiology Laboratory, Sleep and Development Laboratory, Department of Integrative Physiology, University of Colorado, Boulder, Boulder, 
CO 80309-0354, USA

Yang, D.S., Kays, S.J. and Son, K. (2009). “Volatile Organic Compounds Emanating from Indoor Ornamental Plants”, HortScience. 44 (2), 396-
400.

Volume 1 and 2 book.indb   951 9/12/2016   8:26:54 PM


