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Course / Learning Objectives

o Articulate the challenges of designing a glass facade from the
standpoints of design, indoor environmental quality, and energy
performance.

e |dentify the key elements of a successful integrated design
team dynamic, such as clear goalsetting, constant
communication, and data sharing.

» Understand the selection process of a glass type, including the
timeline in which performance, appearance, cost, and
commercial availability must be evaluated.

* Recognize how best practices from the presented case studies
can be applied to similar projects in the region.
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1 Introduction
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Informed envelope design decisions can lead to lower energy costs
and increased occupant satisfaction
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Importance of Building Envelopes






Modes of Heat Transfer:

Conduction

Convection Convection
Radiation
Evaporation

Evaporation -

Radiation

Conduction
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Metabolic Clothing
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Air Temp Radiant Temp Air Speed Humidity
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Equivalent MRT and
Air Temperature for a
Feeling of 70°

MRT Air T
50 98
55 91
60 84
65 77

: 68 73
69 71
70 70
71 70
72 69
73 68
75 63
80 56

A18 s ey " Mean Radiant Temperature



Air Speed

O
=

ASl AIA Conference on Architecture 2018

June 21-23, New York City Thermal Comfort Factors



Draft Strength Depends On:
How cold each surface iIs
How tall the cold surface iIs

How close the occupant is
(to the surface)
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Humidity
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~ Evaporation & Air movemen 4x8 sheet of

gypsum board 4x8$he§t ofd . . . . .
{ a a { 11 { Interior at 70°F vEI‘t’ES:TInSELIe
_ and 40% RH
Skin s s Interior at 70°F
‘ and 40% RH
Sweat gland u &. . . .
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30 quarts
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Fanger Model (1960’s)

 Measured thermal comfort of college aged students

* Method for HVAC Engineers to predict thermal comfort
» Basis for numerous standards

ASHRAE 55-2015

Thermal
Environmental
Conditions for

Human Occupancy
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1960 = 3-piece suits 2018 = Snljggi?
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THE GREAT ARCTIC OFFICE CONSPIRACY CHILLING CAACY . .{ | THE NE.W YORKER

AUGUST 3, 2015

IS YOUR THERMOSTAT SEXIST?

BY ANTHONY LYDGATE

00060

13

CHRIS MACHIAN FOR THE NEW YORK TIMES

Chilly at Work? A Decades-

OLIVIER SCHRAUWEN

® H
Old Formula May Be to Enduring Summer’s Deep . _
Blame Freeze S:_tzs_:ffzfx:tsf:::zjc:.:a. the science zy“!inrma[ .:‘om_ﬁrf has tended to rxegfeﬁt WormEn.
. i i ir- iti P before Ad d Eve picked and ate the fatal fruit of th f
It happens every summer: Offices turn on Why is America so over air-conditioned: L e s o S o s e
f o knowledge, condemning humanity to lives of sweat-soaked toil, they
the alr'condltlonlnga and women freeze knew the meaning of good thermoregulation. Halfway through

into Popsicles. New York Times

A new study says most office buildings set
temperature based on a model developed
in the 1960s that uses the metabolic
rates of men.

New York Times
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Cold Cool Slightly Cool Neutral Slightly Warm Warm Hot
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Water Heating \\(Zoolklng
_ Other

of commercial building’s
energy is impacted by the
design of the envelope

Ventilation - CBECS, 2003

A8 [z ety Envelope Impact on Energy
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Thermal Thermal Infiltration Glazing Visual

Mass Resistance Transmittance
& Solar Heat
Gain
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2 Form-Giving Sunshades

Northeastern University
Interdisciplinary Science and Engineering Complex
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INTUITION: TRUST WHAT YOU KNOW

 Easier to control north/south light than east/west
 High energy intensive activities on the side with the least solar exposure

e Low energy intensive activities on the side with higher amounts of solar exposure
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CONCEPT VALIDATION: EARLY STAGE ENERGY MODELING

« “shoe box” energy models based on program, orientation and climate

 Tests variations and sensitivity of different design strategies

»_jg DesignBuilder

 Passive Double skin is not recommend due to cost and performance

 Exterior Shading systems can achieve aesthetic intentions with greatest benefit

Net Energy Saving from Code Baseline
High Performance Glazing - 0.53%
60% + Shading _ 1.61%

High Performance Glazing + Sunshading 3.05%
A’l AIA Conference on Architecture 2018
June 21-23, New York City
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PARAMETRIC MODELING | OPTIMIZING DESIGN

 Highly iterative modeling platform
 Optimal for testing variations and revising geometry

e Used for both Design & performance studies

Rhino/Grasshopper

[ — e o cur s e 4 b ciav
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PARAMETRIC MODELING | OPTIMIZING DESIGN

 Highly iterative modeling platform

 Optimal for testing variations and revising geometry

e Used for both Design & performance studies

Al
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Nuke software was a custom solution to measure illuminance
Ladybug would be current integrated software

Visual and numerical outputs
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70.0% -

65.0% -

60.0% -
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50.0% -
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40.0% -

35.0%

SPRING/FALL SUMMER WINTER CUMULATIVE
—16,16 (1) 50.4% 66.0% 42.0% 51.3%
—16,12 (1.3) 59.5% 72.4% 51.6% 60.0%
—12,16 (.75) 47.5% 63.3% 38.7% 48.4%
-—1212 (1) 54.1% 68.6% 45.5% 54.8%
—12,8 (1.5) 63.2% 74.8% 56.0% 63.6%
8,12 (.67) 45.7% 61.7% 36.8% 46.5%
8,8 (1) 54.6% 68.8% 46.3% 54.8%




Iterative Studies to refine detail level design

Quantification of design moves

SPRING/FALL SUMMER WINTER CUMULATIVE
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Detailed panel by panel analysis of performance

Exported as day/hour spreadsheet as input data for energy model

imating performance
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ENGINEERING TEAM INPUTS AND PROCESS | COMMON PRACTICE

Window shape and sizes are simplified
Shading is approximated for zones of fagade

Advantages:

Ease of modelling

Speed of analysis
Relatively easy to modify

Disadvantages:
Loss of detail and information
No ability to integrate interactions
Poor visualization
Not usable for other analyses
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ENGINEERING TEAM INPUTS AND PROCESS | ISEC PROCESS

*  Window shape and size reflect design intent
* Shading is model as closely to design intent as possible
*  Secondary structure and supports modeled

ADVANTAGES
* Fine detail of results for each window
* Usable for other analyses — daylighting

e Good visualization _
Architectural

DISADVANTAGES Rendering
* Manual modelling

* Difficult to modify

* Longer run times

A91 AIA Conference on Architecture 2018 ACtuaI IES Vlrtual
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ENGINEERING TEAM INPUTS AND PROCESS

KEY FACTS AND RESULTS
* 664 shading elements modeled
*  9total facade types were included in model

e Detailed results allowed proposed changes to be considered quickly as impact to loads
were clear

LESSON LEARNED:
* Don’t forgot about the supports!
* Modelling the support system showed additional shading increasing performance

NEXT STEPS:
¢ Increased automation for creation of model
* Integration into daylight analysis
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DAYLIGHTING | OFFICE SHADING & ATRIUM

* Objective of Study

Determine optimal 3-dimensional
shaping of the skylight to minimize
direct sunlight penetration at lab
write-up spaces while maximizing
diffuse daylight transmission and
views in the atrium.

Quantify the resulting time of
day/year and duration of direct
sunlight in the lab write-up spaces
to enable an informed decision by
the owner if additional shading is
required.

Current Design

CN T

\. ? lab writeup

N
\'

Challenges

Lab write-up spaces currently
experience incident direct sunlight
at the top three foors.

Providing clear views to the sky
through the skylight without also
pro-viding clear views of the sun
(i.e. glare)

Given the size of the skylights,
shaping the skylights alone will
not be able to provide full solar
control, but it can reduce such
occurrences.

Intent of Study

f s I
“-,.‘ '\:‘: lab writeup
@
Possible Variables of Study
L

@ Slopemheight of south/west edge
@ Size & oriemation of aperture
@ Lateral or vertical shift of northeast edge

Fixed Variables
o> Shape/size of skylights cutou in ceiling



DAYLIGHTING | BASELINE

Concept Section

Indicates worse caze sun penetration and
number of workstations affected at each floor
level

Annual Solar Ray Trace

These diagrams teace rays from the every pos-
sible sun position to the lab workstations.  Only
enshaded ravs are shown.
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DAYLIGHTING | ENHANCED CONTROL DESIGN PERFORMANCE

Concept Section Annual Solar Ray Trace

Indicates worse caze sun penetration and These diageams trace ravs [rom the every pos-
number of workstations affected {in section) at sible sun position to the lab workstations. Only
each floor level. At most, only the first row of unshaded rayvs are shown.

warkstations is affected by direct sunlight from

the skylizhis,

Skylights were shaped to block fowest sun
angles . These low sun angles were responsible
for the decpest sunlight penetration in the cur-
rent design,
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* Collaborative process between the design team and selected T e
contractors to develop complex elements and procure long Ao
lead time elements such as glazing

Systems Specifications

« Typically engaged at the completion of Design Development —
Wall Type Matrix €-————=i-—>

 Used to accelerate schedule with shop drawings complete at wra -
the beginning of construction 4

 Allows the team to be coordinating project specific details in
place of drawing a generic bid package . \ s ; ]

« Loss of competitive bidding while gaining control over the [ | Cuaing "Wall Pancls L -]
guality and procurement of critical path items e

DESIGN TEAM MUST SET GROUND RULES
* Design Intent

 Performance Specifications (Environmental, Thermal,
structural)

e Schedule & Deliverables (meetings, drawings, samples,
mockups)
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Simulates Design Intent and Materials

Validate Design Intent & Review Material/Color

Client Approval

Regulatory Approval (Boston Requirement)
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Contractor built with Third Party Testing
Built to test typical project details and validates constructability

Dynamic testing validates Water tightness & Structural Performance

Final step to release enclosure for fabrication
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Two configurations of chilled beam (ACB) layouts have
been modeled, as illustrated in the diagrams, in order to
determine the impact the orientation has on the thermal
comfort in the space during winter conditions.

Section |

o ACB

Facade Facade

Parallel
to faced (Case 1)

Perpendicular
to fagade (Case 2)

The modeling assumptions are as follows;

External TAF { 99.6% TMY Coldest Month)
Temperature
ACB 4 x 2 feet, Total Supply: 362 CFM at 55F
Gilazing Double Glazing
Frame+ glazing U-value: 0.42 Brw/hr-ft°F
Centre glass U-value= 0.27 Bru/hr-ftF

Section 2

3

Both configurations show that resultant temperatures are low close
to the fagade. The second case with the chilled beam perpendicular
to the fagade shows the warm air penetrating lower into the space

due to the geometry of the space. Flow from the chilled beams

runs along the ceiling on the shorter axis so it has more

momentum as it sinks to the tloor. Thermal comfort is achieved
away from the fagade with both cases. Closer to the facade the

space is cooler. The cold glazing surface results in radiant heat loss

in this area.
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a5.00
a2.50
an.on
TT.50
Ta.00
T2.a0
To.on
67.50
65.00
62,50
§0.00

Warm air from the chilled beam runs along

the ceiling before sinking down the wall .

Air from the ACB doesn’t reach ground level |
e

Resultant temperature parallel (case 1) through section |

R -

Resultant temperature perpendicular (case 2) through section |

Cool zone close to
glazing due to radiant
heat loses to the sky .
This space will be
uncomfortably cold.

Cool zone close to glazing due to
radiant heat loses to the sky . This
space will be uncomfortably cold.

Resultant temperature parallel (case 1) through section 2

Warm air from ACB penetrates deeper
into the space in this orientation.

"]

~

e -

Resultant temperature perpendicular {case 2) through section 2

Chilled Beam Layout



The perpendicular chifled beam layout (2) was modeled
with two external winter conditions n order to assess the
performance of the systems during the 99.6'" percentile
coldest temperature (7.4F) and the 99h percentile
coldest temperature (12, 4F).

Section 1

Section 2 .
85.00
8250

20.00
77.50 Resultant Temperature 7.4F case (1) through seetion | Resultant Temperature 74F case (1) through seetion 2
T6.00
T2.50
70.00
87.50

. 85.00 —_—
Perpendicular layout L :::.I::a;:ne close to
: agade

The modeling assumptions are as follows: F e
External Case 1: 74F { 99.6% TMY Coldest Month)
Temperature Case 2: 12.4F (99% TMY Coldest Month )
ACB 4 x 2 fect, Total Supply: 362 CFM at 55F
Glazing Double Glazing
Frame+ glazing U-value: 0.42 Biahr-i2F
Centre glass U-value= (.27 Bow/hr-fi? F

Even with a less conservative winter temperature the zone
close to the cold glazed fagade is uncomfortable. The eritical
factor is the radiant losses as a result of the cool glazing
surface . The area a few feet closer to the cool surface will be
cold.

Resultant Temperature §2.4F case (2) 'Ihmug_h section 1 Resultant Temperature 12.4F case (2) :11|'1:Ltgh aection 2

A91 AIA Conference on Architecture 2018

External Winter Temperatures



Al

3

This study examines the difference in performance of a
double glazed facade compared to a triple glazed fagade,

Fagade surface temperatures

Wbl | 1

Double Glazmng (case 1)

To.00

62,

8

4T .50

AG00

Triple glazing (case 2)

The modeling assumptions are as follows:

External 12.4F (99% TMY Coldest Month )
Temperature

ACB 4 x 2 feet , Total Supply: 362 CFM at 55F
Glazing Double Glazing

Frame+ glazing U-value: 0.42 Bru/hr-ftF
Centre glass U-value= 0.27 Bu/hr-fi2F

Case 2: Triple Glazing
Frame+ glazing U-value: 0.36 Bra/hr-ft*F
Cenire glass U-value= (.21 Bu/he-fi2F

The triple glazed facade shows an improvement in resultant
temperatures close to the facade as well as overall in the space.
This is due to a warmer surface temperature on the triple
glazed fagade which results in the space being less exposed to
radiant heat loss.

AIA Conference on Architecture 2018
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80.00
V.50
1500
7250
70,00
&7.50
85.00
6250
60.00

Resultant Temperature triple glazed case (2) throughSettion T

Resultant Temperature double glazed caze (1) through section |

Resulwant Temperature double glazed case (1) through section 2

Triple glazing results

region close to
glazing.

—_——

o - -

surface temperature
of fagade. This means
less heat is lost in

Resultant Tempernture triple glazed case (2) through section 2

Glazing Options



3 Minimalist Design
Ambherst College, New Science Center
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Pelham Hills

Science
Commons
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The Science Center defines a community for the sciences

Al

a destination for the entire campus
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Canopy unifies the
Science Commons

Sciences open to the
Commons

Commons open to the
Campus
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Transparency

= Low Iron Glass
= Neutral Color Coatings
= Anti-Reflective Glass
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&

Annual Heating

Triple Insulating Glass

Coated Polyester
Suspended Films

Gas-filled Interspace
Second low-e (surf #4)

Warm edge spacer
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56% VLT
15% VLR (Outside)

= Low Iron Glass
= Neutral Color Coatings
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&

0.16 COG U-Value

= Triple Insulating Glass

= Second low-e (surf #4)

6% VLT
14% VLR (Outside)
0.16 COG U-Value
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Peak Cooling Load Profile
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Transparency Heating Energy Peak Cooling

0.28 SHGC
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ncrease Iin

2 2 % Peak Cooling

_oad

.35 SHGC

A918 AIA Conference on Architecture 2018
June 21-23, New York City



£

\

&)

56% VLT 0.16 COG U-Value 0.28 SHGC
15% VLR (Outside) 0.25 Assembly

= Low-e (surf #2)
= Ceramic Frit

= |nterior Shading
Systems
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month:06 day:21 time:14:30
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Overcast skies (63% of afternoon hours) Topography shading

Night time

Sun on East

LU PIRLATRE N T L

May Jun Jul Sep Oct Nov Dec

High solar gain (energy) Low sun angles (glare)
155 hours 569 hours
7% afternoon hours 26% afternoon hours
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AZING 51 0P 907 WENDOW HETGHT: T meter ] Yiew Project Databaze

[rer—

Select Glazing Configuration:

Single Double

Unit/Til |

®1mperial O Metric Installation Angle |90

[WLayer 1 Outside

Manufacturer -

© Laminate ® Non Laminate

Thickness <--Select Thickness-->
Glass <--Select--> >
Selection

Next

avity 1 (Air, 1/2" (12.7mm)})

Calculate

Relative Heat
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Mfg. U-Value (Winter) U-Value (Summer) SHGC Gain VLT VLR (Outside)
MFG 1 0.12 0.26 60.9 16%
MFG 1 0.15 0.16 [ o026 | 61.6 16%
MFG 1 0.12 56.1 14%
MFG 1 0.15 0.15 56.7 14%
MFG 1 0.12 833 14%
MFG 1 0.16 0.16 83.9 14%
MFG 1 0.12 64.5 15%
MFG 1 0.15 0.16 65.1 15%
0.12 59.5 54% 14%
0.16 60.2 54% 14%
0.14 62.4 18%
0 0 0%
0.14 62.0 18%
0.17 624 18%
0 0 0% 0%
0 0 0% 0%
0 0 0% 0%
0 0 0% 0%
0.14 85.8 17%
0 0 0% 0%
0 0 0% 0%
0.17 84.9 17%
0.17 65.5 16%
0.13 58.0 [ 53% | 12%
MFG 2 0.16 0.16 59.0 | 12%
MFG 2
MFG 2 0.16 | 0.16 62.0 | 5o | 14%
MFG 2
MFG 2
MFG 2 0.13 76.0 14%
MFG 2 0.16 0.16 77.0 14%
MFG 2
MFG 2
MFG 2
MFG 2 0.16 [ 017 87.0 N i
MFG 3 0.12 15%
MFG 3 0.15 0.16 15%
MFG 3 0.13 53% 15%
MFG 3 0.16 0.16 53% 24%
MFG 3 0.15 16%
MFG 3 0.17 0.18 16%
MFG 3 0.13 13%
MFG 3 0.16 0.17 13%
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MFG 1 MFG 2 MFG 3 MFG 3 MFG 3 (Control)
Coating 1 Coatingl  Coatingl  Coating 2 Coating 3 Single
Low lron
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September 21, 10:00am / Clear Sunny Skies

uRRAEL
.

4
' _mum e-«mlmmm

Control Single Pane Low Iron
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S-@F'T!-’_"T\h?_’r 21, 4:00pm / Clear Sunny Skies September 21, 10:00am / Clear ‘;ur]"w Skies

September 21, 4:00pm / Clear Sunny Skies + Intericr Shades Deployed December 21, 12:00pm / Overcast Skies

Basis of Design Triple-Glazed, Low Iron, Two Low-e Coatings
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66% VLT

14% VLR (Outside)
0.16 COG U-Value
0.35 SHGC
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56% VLT

15% VLR (Outside)
0.15 COG U-Value
0.27 SHGC




cd/m?

+ 5000
3500
1780

890
450
220
110
60
30
15

HDR Computational Image Daylight Glare Probability: 0.31
Workstation View
White Exterior Building in Direct Sun
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cd/m?

+ 5000
3500
1780

890
450
220
110
60
30
15

HDR Computational Image Daylight Glare Probability: 0.16
Workstation View
Diffusing Shade Fabric Deployed

9 AIA Conference on Architecture 2018 .
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Commons Level 1 Classroom Level 2 Lab Level 3 Lab

ana

QLI
o

i i | . 1S

cd/m?
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36% (2.2)
TS

T ol 44% (2.8) |
57% of daylight hours i

| (3.6 hr/ i'\ 39% (2.4)
i Ll'ﬂ—m

| 39% (24)
B .
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| 57% of daylight hours
3.6 hr/day on avg
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36% (2.2)
=

"+ 44% (2.8) B
i

F 39% (2.4) [

I
e = s

:f 39% (2.4)
L

=
1=

I ! 37% (2.3)

" I 40% (2.5)
1 17% (1.0)




Radiant Panels
Nighttime Flush

Displacement Ventilation

Radiant Floors
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Mostly Radiant System

T Operative

85
84
83
1 82
81
80
79
+ 78
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Mostly Radiant System Mostly Convective System

T Operative

85
84
83
82
81
80
19
18
T
16
15
T4
13
72
W
70
69
68
67
66
65
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4 Orchestration of Standard Components
Tufts University, Science and Engineering Complex
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NEW — OLD = DISPARATE PARTS

EXISTING BUILDING
REMAINS UNTOUCHED

DEMOLISH OR MOVE
HISTORICAL BUILDING

NEW BUILDING

INITIAL CLIENT BRIEF
110,000 SF NEW — 30,000 SF EXISTING = 70,000 SF NET

-
I |

A91 AIA Conference on Architecture 2018
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NEW + OLD = REVITALIZATION

RENOVATE EXISTING
BUILDINGS

NEW BUILDING

DESIGN SOLUTION
77,000 SF NEW + 100,000 SF EXISTING = 177,000 SF NET
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Dearborn Rd

RECONFIGURED INTERSECTION

LOADING DOCK

COLLEGE AVENUE ENTRY - EXISTING CONDITIONS WITH IMPROVED
RAILINGS AT ACCESSIBLE RAMPS

CENTRAL CIRCULATION SPINE WITH PATHS, PLAZAS, & PLANTING BEDS

LOWER PLAZA
ATRIUM TERRACE

EXISTING LANDSCAPE TO REMAIN

LEGEND

@ PLAZAS - STONE UNIT PAVER
. PATHS - ASPHALT UNIT PAVER
O PATHS - CONCRETE

O ROADS

. PROPOSED TREE

. EXISTING TREE

. TURF

. PLANTING BEDS - SHRUBS, GRASSES, PERENNIALS
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ROBINSON

NEUROSCIENCE
RESEARCH
NEIGHBORHCOD
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Integrated Strategy: Breathing New Life

112 kBTU/SF

Entrances on multiple levels create walk-up building

1

2 Triple glazed exterior reduces solar heat gain and eliminates need for perimeter heating
per year in energy use intensity, which is equal to the 3 Progressively opaque roof glazing reduces glare and creates even light distribution
energy use of 606 homes 4 Existing building envelope is thermally improved

5 Radiant heating & cooling of interior floors

6 Fan assisted natural ventilation (dual purpose with atrium smoke evacuation)
77% 7 Laboratory supply air is first cascaded through atrium to minimize pre-heat

8 Existing load bearing masonry is exposed, preserved, celebrated
reduction in energy use 9 PV Panel-Ready Roof with electrical infrastructure installed
30%

(o)

reduction in lighting power density 9

NEW BUILDING EXISTING

TEACHING & RESEARCH ATRIUM / CAFE / COMMONS ROBINSON &
NEIGHBORHOODS ANDERSON HALLS

ﬂll A& Conferenco on Archiecteng 2008
June 21-23, Mew York City




Energy Use Intensity (kBtu/sf-year)

400

350

300

250

200 1Vivarium

H Labortory

150

Energy Use Intensity (kBtu/sf-yr)

100

50

Average Lab LEED Min. Energy Stretch Code Tufts SEC Dartmouth Life
Performance Sciences
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Office Daylight Analysis — 50% Clear : 50% Filtered

No Fin 1’ Fin 2’ Fin 3’ Fin

A918 AIA Conference on Architecture 2018
June 21-23, New York City



Continuous DayI | g ht Autono MY (Percent of year lights can be dimmed or off at target of 30fc between 8am & 6pm)

89% 87% % 86% 84%

No Fin 1’ Fin 2’ Fin 3’ Fin
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Continuous DayI | g ht Autono MY (Percent of year lights can be dimmed or off at target of 30fc between 8am & 6pm)

80% 81% % 81% 82%

2
?

o
&

80
840
00 |
780 |
ED
860 |
840 |
£0.0

No Fin 1’ Fin

2’ Fin 3’ Fin
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Annual Lighting and HVAC Energy Use

+2% +4% +7%
16 16 16 16
14 14 14 14
12 12 12 12
10 10 10 10
8 8 8 8
6 6 6 6
4 4 4 4
2 2 2 2
0 0 0 0
No Fin 1' Fin 2' Fin 3’ Fin
I Lighting
[ Cooling
[ Heating
A91 AIA Conference on Architecture 2018 B Pumps &
June 21-23, New York City Fans



Chart1

		Category 1		Category 1		Category 1		Category 1



Pumps & Fans

Heating

Cooling

Lighting

1.8807192

5.801959

5.0417873

1.967606



Sheet1

				Pumps & Fans		Heating		Cooling		Lighting

		Category 1		1.8807192		5.801959		5.0417873		1.967606

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1967.606		827.8912		1052.828		5801.959		4381.734		660.0533

				To resize chart data range, drag lower right corner of range.






Chart1

		Category 1		Category 1		Category 1		Category 1



Pumps & Fans

Heating

Cooling

Lighting

1.8737552

5.374553

5.1462203

1.960611



Sheet1

				Pumps & Fans		Heating		Cooling		Lighting

		Category 1		1.8737552		5.374553		5.1462203		1.960611

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1960.611		827.8912		1045.864		5374.553		4465.341		680.8793

				To resize chart data range, drag lower right corner of range.
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		Category 1		Category 1		Category 1		Category 1



Pumps & Fans

Heating

Cooling

Lighting

1.8692442

4.943138

5.2895592

1.965579
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				Pumps & Fans		Heating		Cooling		Lighting

		Category 1		1.8692442		4.943138		5.2895592		1.965579

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1965.579		827.8912		1041.353		4943.138		4590.658		698.9012

				To resize chart data range, drag lower right corner of range.
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		Category 1		Category 1		Category 1		Category 1



Pumps & Fans

Heating

Cooling

Lighting

1.8774292

4.479347

5.4743457

1.953937



Sheet1

				Pumps & Fans		Heating		Cooling		Lighting

		Category 1		1.8774292		4.479347		5.4743457		1.953937

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1953.937		827.8912		1049.538		4479.347		4748.948		725.3977

				To resize chart data range, drag lower right corner of range.






Solar Radiation (Cumulative radiation between 8am & 6pm over specified time period)

(4/1-10/1)

Summer

No Fin 1’ Fin 2' Fin 3" Fin

Winter
(11/1-3/1)










PRICE

Ground Floor Curtainwalls (CW Type 1)
e This is a hold # pending vendor input

Lobby Gurtainwall (portals)
Unitized Curtainwall (CW Type 2)

included in curtainwall as fly-by
Allowance

zzzEE3 iiéééiiiéiééﬁa

NOTES / IFICATIONS
[ Ground Floor Curtainwalls
Stick built aluminum curtainwall
Kawneer 1600 SS System 2 1/2" x 101/2" deep with 6" extended exterior "fin" covers
System is 1/2" live load slab edg
2-coat, 70% Kynar painted finish, custom color
Typical mullion spacing to me §'0, maximum span 20'0" between anchor points (attach to every floor)
Attachment to floor slab assumed to be embeded anchor
Anywhere the head of the curlainwall comes up to the under side of a floors slab, additional steel (by others) is required.
Vision glass is 1" Clear Low-E insulated (Guardian SN68 or equal by PPG or Viracon)
‘Spandrel glass is included as vision glass with an 1/8” painted aluminum shadow box, 3" mineral fiber insulation and galvanized backpan

VS-1 Mullion System

2 -coat, 70% Kynar painted finish, custom color

Typical mullion spacing to me 50", maximum span 20'0" betwaen anchor points (attach to every floor)

Steel wind girt (by others) will be required at the second fior elevation

Anywhere the head of the curtainwall comes up to the under side of a floors slab, additional steel (by others) is required.

Vision glass is 1" Clear Low-E insulated (Guardian SN68 or equal by PPG or Viracon)

‘Spandrel glass is included as vision glass with an 1/8" painted aluminum shadow box, 3" mineral fiber insulation and galvanized backpan
I Unitized Curtainwall

unitized curtainwall - 4 side SSG
IBG PG 2500 System, 3 1/4" verticals, 2 1/2” horizontals, 5 1/2" stack, 6 1/2" deep
System is designed to accommodate 1/2" live load slab edge movement
2-m,menspaumnnm custom color

tome span 18'0° between anchor peints (attach to every floor)
Vision glass is 1'Clu¥lm—EMMd(&luﬂmSNBﬁul¢ﬂbyPPGorm)
‘Spandrel area is a 6" projected composite panel with 3" mineral fiber insulation and galvanized backpan
Internal reinforcement of composite panels is included as required
Typically at the slab edge IBG inciudes fire safing, smoke seal and a sill trim to cover the firesafing

I Baicony Curtainwall

Stick built verticals
Kamteoossmmzuz*nmmdnp
2 -coat, 70% Kynar painted finish, cusiom color
mullion spacing to me 50", maximum span 20'0" between anchor points (attach to every floor)
Vision glass is 1° mw-emm(msmaumnymmvnwm
Spandrel glass is included as vision glass with an 1/8" painted aluminum shadow box, 3" mineral fiber insulation and galvanized backpan
Unitized Curtainwall
Preglazed unitized curtainwall - 4 side SSG
IBG PG 2500 System, 3 1/4" verticals, 2 1/2" horizontals, § 1/2" stack, 6 1/2" deep
Systemis. 1/2" live load slab edge
ZMMMIWMMWW
Typical mullion spacing to me 50", maximum span 18'0" batween anchor points (attach to every floor)
Vision glass Is 1" Clear Low-E insulated (Guardian SNG8 or equal by PPG or Viracon)
Spandrel glass is included as vision glass with an 1/8 painted aluminum shadow box, 3" mineral fiber insulation and galvanized backpan
Typically at the slab edge IBG includes fire safing, smoke seal and a sill trim to cover the firesafing
A head trim (similar to the sill rim noted above) has been included to closa the space between the curtainwall and shaftwall

I Punched Curtainwalls
Preglazed flange window - captured perimeter and horizontals, SSG intermediate vertical
Kawneer 1600 SS System 22 1/2' X 6" with integral perimeter flange for attachment and AVB tie in
2 -coat, 70% Kynar painted finish, custom color
Vision glass is 1" Clear Low-E insulated (Guardian SN68 or equal by PPG or Viracon)
I Terracotta Type 1

30mm standard Shildan color and shape terracotta tile and attachment system
Maximum tile size is 16" x 60"

5" mineral fiber insulation and thermally broken girt system

Note; AVB, Densglass, and LGMF are by others

A91 AIA Conference on Architecture 2018
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1BG SCOPE DOCUMENT - 11.14.14

LEGEND
B 1,300 SQFT Ground Flor Cunain Wall - 4 Sided SSG
S5

]
f
il
£

Skylghts.
N 225 LT Surshades (D 25 LAFT Lighshet)
B 1,250 SQFT Aluminum Plate

2.250 SOFT Louver Screens
SOFT

" Entrances (6 leafs aluminum, 4 leafs all glass)
Auminum Trim




Tufts Science and Engineering Complex

CHANGE COST TRACKING
6/2/2015

Description
1BG/TCCO Contract Agreement 12-19-14

TCCO/IBG Generated VE

VE#9 Delete Annex Raof Screen

VESSD Delete Wood Soffits

VE#S0 Add Composite Panel Soffits

VEHS2 Change exterior vestibule doors 1o non thermal
VE#SS Delete Sunshades

VEHSS Delete Light Shelves

VE#S57 Simplify Bay Windows (change to aluminurm)
VEH#159 Delete Curtainwall behind Brick Screens
VE#I70 Change aluminum plate panels to composite
VEH171 Delete sealing of girts at the penthouse
VEH174 Delete Curtainwall at North Loading Dock Corner
VE#205 Double glazing at Skylight ILO wiple

2-20-15 PDF Posting
Add 5 top hung operable windows
Add 14 power window operators
‘Add 2 power operated casement windows
Add 4 exterior doors
Add 4 aute door operators (0DHS)
Reduce Oka at the bridge
Simplify Bay Windows (change to aluminum)
Reduce galvanize backpan scope
Revise spec on wood soffit products {white oak or hemlock)
Revise spec on wood soffit products (red oak)

2-24-15 PDF Posting
Delete 6 operable windows
Delete & power window operairs
Delete glass canopy and gutter

4-17-15 €D Set with Addendums 1-4
Add 150 sqft of ground floor curtainwall
Delete 4 operable windows in above
Add 3 powered opperators to operables in above
Add 4 swing doors in above
Add 8 automatic apperators in above
Delete 4 operable windows in punched ground floor curtainwalls
Depete 4 powered operators in punched ground floar curtainwalls
Delete 335 sqft unitizedrurtainwall
Delete 5 operables in above
Skylight changes (cost from manufacturer)
Net deduct of 99 sqft of composite panel
Net add of 889 sqft of corrugated panal
Net deduct of 711 sqft of louver
Add 174 sgft of corrugated panel at areaway
Delete standard aluminum door and frame at Robinson
Add Fire rated door and frame at Robinson

TCCO (T8 dated 4-27-15
15
s
37
#40

Accepted

«<zzzz

==

z<zzzzzz

T8D

z =z

B e I I e

<= < <

See changes noted below

Shown on 4-17-14 €D Set

Shown on 4-17-14 CD Set

Final value pending

Deleted on 12-22-14 Check Set

Shown as camposite on 12-22-14 Check Set
GC/ArchfOumer confirm

See changes noted below

See changes noted below
See changes noted below
See changes noted below
See changes noted below
see changes noted below
See changes noted below
Shown on 4-17-14 CD Set
See changes noted below
See changes noted below
See changes noted below

See changes noted below
See changes noted below
Shown on 4-17-14 CD Set

gutters are not by 1BG, but fascia is

CURRENT AGREED UPON CONTRACT PRICE
NET CHANGE TO CONTRACT AGREEMENT

A918 AIA Conference on Architecture 2018
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Accepted Costs

—_ =

MODULE
FRAME SIZE

DLO.

19} REF TO F.0. GLASS

ko 13" REFTOBO.CW ]

MODULE
FRAME SIZE.

s oo

- I2s6" LONG FOAM
" BLOCKS @ VERTICALS

~ SHOP NOTCH VERTICAL FOR
/" CONTINUOUS STACK TRiM

-~ "~ LOAD TRANSFER BLOCKS
(SIZE TBD BY CALCS)

T 12086 (432 SILICONE
SHEET @ VERTICALS

T 125" PAINTED ALUMBACKPAN

i PACKR SEAL & FRESATO Y B0

INSTALLATION, NOTBY IBG

/~ FINISHFLOOR NOT BY IBG

#
d ISR RO TR, PLE (oWt
/ o TOCHIMATER CURIKBALY

/

BELOW

- EMBED PLATE TO BE SUPPLIED
& INSTALLED BY IBG

“1+— 4* FOIL FACED MINERAL
WOOL INSULATION BY 18G

i 1 JANCHOR DETﬁ! f
31 15 SOUTH ELEVATION
3

FLLL CONCRETE REQD!
EMBED, GC TO MODIFY DECKING
IF REQUIRED

DO

e

125" PAINTED ALUM BACKPAN

iy

| # rou Facen MavERAL

WOOL NSULATION BY B0
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FR LOWER HORIZ

1

4 063 ALUM HOLD DOWN CLEAT w/ SILICONE SHEET TIEIN

LICE FOR WEEPING & o
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				Pumps & Fans		Heating		Cooling		Lighting

		Category 1		2.438725		3.358553		9.052857		1.845011

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1845.011		1101.721		1337.004		3358.553		8050.444		1002.413

				To resize chart data range, drag lower right corner of range.
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				Pumps & Fans		Heating		Cooling		Lighting

		Category 1		2.53008		3.329371		9.518344		1.831788

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1831.788		1101.721		1428.359		3329.371		8471.32		1047.024

				To resize chart data range, drag lower right corner of range.
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				Pumps & Fans		Heating		Cooling		Lighting

		Category 1		2.896186		3.265207		11.393163		1.961371

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1961.371		1101.721		1794.465		3265.207		10170.7		1222.463

				To resize chart data range, drag lower right corner of range.
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				Pumps & Fans		Heating		Cooling		Lighting

		Category 1		2.71774		3.298973		10.491941		1.97134

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1971.34		1101.721		1616.019		3298.973		9351.867		1140.074

				To resize chart data range, drag lower right corner of range.
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				Pumps & Fans		Heating		Cooling		Lighting

		Category 1		2.622823		3.308949		10.007961		1.812117

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1812.117		1101.721		1521.102		3308.949		8914.554		1093.407

				To resize chart data range, drag lower right corner of range.
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Contact Information

« Andrea Love, AlIA  Wesley Schwartz, AIA
alove@payette.com wschwartz@payette.com

* Robert Pasersky, AlA e Jeffrey Abramson, AlIA
rpasersky@payette.com jJabramson@payette.com
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