DESIGN RESEARCH OBJECTIVE

In the last 45 years the i masonry has resulted in structures that are stronger and more stable. Industry research has also developed a CMU block with a webbing geometry capable of reducing thermal transfer. Although these
additions have improved certain aspects of and much has teken place over this time frame, current building construction methods stdl refy on compressive force stacking and simple rectifinear block design which imit geometric configu-
ralion, and exterior expression for fagades. Testa Block is primarily fecused on how surface geometry and articudation can be configured to offer a varlety of visual h and also & response 1o the thermal environment. These aspects

when combined with current CMU technologies can further refine the transfer of heat flow in the latest construction block methodologies. The research considers design aesthetic improvements to the typical brick module based off the BxBx16 CMU. Fabrication
processes for mass production is a major concem for the construction industry, and utilizing the proportions of CMU with its sase of rapid prototyping makes for easy adaptability. In designing the facade system. the project makes use of the available digital tool-
sets to maximize thermal performance | refine surface geomatry, and offer an ideal geometry to physically fabricate and test.

MASONRY EVOLUTION

| Stone Masonry Wall | 1 Brick Masonry Wall

Tessellated Panel System
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Incrensed Wall Customization

CMU BLOCK TYPES

THERMAL BRIDGING
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INTEGRA BLOCK

OLDCASTLE
Insulation comparison

Block Area = 82.74 sq in
— Thermal bridges = 19.86 sq in
Percentage lost 24%

Block Area =82.74 5q in
Thermal bridges = 6.62 sq in
Percentage lost 8.00%

Block Area = 82.74 sqin
Thermal bridges = 2.44 sq in
Percentage lost 2.90%

Advertised R-28 (proprietary)

. Open Cell Foam 5.5 X 3.8=R-21
Closed Cell Foam 5.5 X 6= R-33
Traditional CMU R-5

Minimal thermal bridging by reducing middle web.

Windell Bernett Residence
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SPANISH PAVILLION ECO-CERAMIC MASONRY SYSTEM

FOREIGN OFFICE ARCHITECTS JASON VOLLEN

EcoCeramic was a grant funded research project that |rwashgabed c'.umpusme materials in

ceramic architecture. The project moves through pi and y of the wall
syatam. By ing naturak and into EcoCeramic ressarch Ihe designers
Intend to decrease the summer thermal gains, and Increase the solar gains in winter months.

The masenary wall demonstrated the design potential of ceramics and the effectiveness

of passive design strategies, Testing is accomplished through the use of data loggers, guarded hot
box and control tests for smaller expaniments.
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Shifting paint two around the grid and
keaping the start and end paints of
each of the two NURBS curves fixed

produces 8 curvature variation
depending on paint location,

sama centroid produces a mirrared

curve of the first

A second NURBS curve drawn from
oppaosite sides in similar order to the

A single NURBS curve drawn aleng
thres points in order produces a cur-

vature result that is varied depanding

on degree type specified,

The geomelry is subdivided into &
10x10 grid and a single point is posi-

tioned at its cantrod.
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90-degree angles, or right angles. The opposite sides are parallel, and the

A square is a requiar quadrilateral. |t has four equal sides and four equal
diagonals bisect each other at right angles.

SQUARE GEOMETRY
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MATRIX ANALYSIS
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STUDY B WALL ASSEMBLY

EXTRUSION AND SURFACING
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SHADOW ANALYSIS

SOUTH FACADE ORIENTATION
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APERIODIC PANEL APPLICATION
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SHADOW ANALYSIS A-PERIODIC

SOUTH FACADE ORIENTATION
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INCIDENT SOLAR RADIATION

INSOLATION ANALYSIS

Salar insolation is the lotal amaunt of selar radiation energy received on a given surface area during a given time (Fig 01). The Using Rhine 30, the parametric pluggins grasshopper and Geco, and the Aulcdesk sustainable building design software Eco-
intensity of the sun varies by the clarity of the atmosphera and the anghe at which the sun sirikes a surface, called the "incident lect; salar ingolation analys:s were performed on the various panel g Y types, and HES Were 1o deter-
angle® Incident solar radiation values are given in units of energy per area (Wim2 or BTUMeT2) and are usually the single most mina which panel performed the most efficiently.

vaksable metnc for early design studies. {atip gag x 137173 p}
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Figum 01 fcourtesy of Cengage Lesening] Figene 02 [ncurtesy of Caagage Leaming] Figure 02 jcosrieey of Cangage Laaming) Autndesk Ecaect Ansiysis Sofware

Projection Effect: The sun's rays at @ 73 degree angle in summer (Fig 02), and rays & 26 degree angle in winter (Fig 03). The
obdique sunbearn distributes s ight energy over twice as much area.

PARAMETRIC DEFINITION

GRASSHOPPER 3D / GECO
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SHADOW PROJECTION / SELF-SHADING
SHADOW PROJECTION / SELF-SHADING / INSOLATION

A surface exposed to radiant heating has the mest impact on thermal ransfer thraugh the material. By altering the blocks geonme-
try and creating mements of projected shadow and self-shading, several digital sludies of geametry variabons wers conducied fo
datermine which configurations offered the most efficient coverage of surface area based on gecgraphic location, time of year,
and time of day.

PYRAMID PANEL

Shadow studies wsing Riso 0 Sowt Taade orkemation

SURFACE ARTICULATION

In measuring how surface orientation impacts radiant thermal gain in high performance building envelopes, the following research study was conducted with various sur-
face types and aiculations. Aluminum was used for its faster thermal transfer rate which occurs more rapidly than concrete. The aluminum was also mone efficient to form
precise shapes and offered a material section free of extranecus slements of any kind. It was d that when i ing pyramids to the exposed sur-
face, it decreased the thermal penedration by §°C. While maintaining the exact same net surface temperature as the base case. J. Laver, O. Ciiffard & J. Volten,, “High Perfor-
mancs Masanry Wall Systams: Frincipiss Danved From Natural Analagues.* Design and Nature (V Comparing Dasign in Nafurs with Sciance and Enginsening. \WT Fress ap 243 - 252, 2008,

& Detuhedral surine articulations lacing sewn

1. Rectanguiss prism: Saxe shape 2. Concamicanves panumsen shade a

Easrunan

Exposed Surface: 48°C Exposed Surface: 47°C Exposed Surfece: 47°C
- Underside Surface: 42°C Underside Surface: 42°C Undarside Surface: 3X°C

Exposed Surlece; 45°C
Undarside Surface: 42°C

MODIFIED EXTRUSION PANEL 03/ SURFACE ARTICULATION
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GEOMETRIC ANALYSIS MATRIX

SHADOW PROJECTION / SELF-SHADING / INSOLATION
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FABRICATION PROCESS

WALL PROTOTYPES

|
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INFRARED THERMAL CAMERA
IR FLIR {7

Using the FLIR 7 infrared thermal camera, a series of tests were conducted to examine thermal heal transfer through the the following fabricated
wall type configurations, Modified extrusion 03 which Ecotect determined was the most effective al reducing sckar insclation absorblion, was tested
against the typical flat panel configuration. A third type that included the articulated surface was also tested againt the group.

FLAT PANEL SION PANEL 03

EXTERIOR SURFACE SOUTHWEST ORIENTATION

Surface Temperature = 81.0 Degress F Surface Temperature = 86.9 Degrees F Surface Temperature = 86.2 Degrees F
04-29-14 @ 04:47 PM 04-29-14 @ 04:47 PM 04-29-14 @ 04:47 PM

ARTICULATED SURFACE

IR FLIR-17
Using the FLIR i7 infrared thermal camera, a difference can be seen in the visual thermal temperature read out of the articulated surface.

INFRARED CAMERA




