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Learning Objectives

ACompare the energy loss potential of details with thermal
steel bridging, compared to an envelope with no bridging.

Adentify structural details that can compromise a building
envel opeds performance.

AContrast the energy loss potential of different foundation
and slab edge detalils.
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Turn R-Values On Their HEADS

R is Thermal RESISTANCE (U.S. units)

U is Thermal TRANSMISSION U=1/R
R /inch U /inch
Silica Aerogel/ Nanogel 10.0 ., 0.10
EPS - Expanded Polystyrene 3.7 ., 0.27
Cellulose 3.5 . 0.29
Fiberglass reinforced plastic 2.5 . 0.40
Fiberglass - batts 2.0 . 0.50
W ood Framing 1.7 . 0.59
Autoclaved Aerated Concrete 1.1 . 091
Normal Weight Concrete 0.1 ., 10.0
Stainless Steel 0.009 ., 111
Carbon Steel 0.0031 . 323
Aluminum 0.00058 . 1724
Gold 0.00047 . 2128
Copper 0.00036 ., 2778

Silver 0.00033 3030




Thermal Steel Bridging

A Its effect can be modeled with good energy
model i ng software, but

A Can be responsible for much more energy loss
from buildings than most designers realize.

A Its effect increases with better thermal and air
barrier efficiency in the rest of the envelope.
A Amount of energy loss depends on:

I The thermal difference between inside and outside.

I The efficiency of the collection and dissipation of the
heat energy on the inside and outside of the steel.

I The thermal mass of the elements.
A Is not adequately addressed by most codes.
A Can cause other problems besides energy loss.



Under st andil ng

Heat paths through envelopes Parallel =>
with different materials are either or —
Series :>|‘ I

R1T Values

- Values for different materials can be added in series,
e.g. 12" concrete + 3"EPS =12+ 11.1=12.3

- Values CANNOT be added for parallel heat paths,
e.g. a steel plate passing through EPS.

U - Values

- Values CANNOT be added for materials in series.

- For parallel heat paths, the overall U-value can be
tallied using the algebraic sum of the areas.




Maximum Reduction of Insulation
R-Value Due to Thermal Steel Bridging

- REFF - Atotal — Atotal
- AA U+ AAYU AR, +AJR,
= R is NOT A, A Kk k
AtoTal
Example
Acps = 99.9% R... = 3.7/inch Ueps = 0.27/inch

Asreer = 0.1% Reree, = 0.0031/inch Ugreg, = 320/inch

Reer = 1/[(0.999) (0.27) + (0.001) (320) = 1.7 /inch
Thisisab54%reducton I n t he ori gi nal EF



Maximum Reduction of Insulation
R-Value Due to Thermal Steel Bridging

%% Limitations to This Formula *x*

- N - Rerr = Arora = AqoraL
AAU+AAYU AJR, + AR,

- Based on the materials which are present within the
Insulation thickness only T not the entire envelope

- Based on steady state system, i.e. no influence of
thermal mass on temperature cycles

- Assumes heat can be fully collected and dissipated
on the interior and exterior - frequently not the case



Maximum Reduction of Insulation
R-Value Due to Thermal Steel Bridging

Effect of Steel Across Envelope Insulation

Insulation; Expanded Polystyrene, R = 3.7 / inch

1.00

0.80 ;

0.60

Insulation Reduction Facto

0.00 0.10 0.20 0.30 0.40 0.50

Percentage of Steel in Area (e.g. 0.20%)



Brick Relieving Angles
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Steel Shelf Angle
Supporting Exterior

Masonry Wythe, Using
Fiberglass Reinforced

Plastic to Minimize
Thermal Bridging

Top T Plan View

Bottom - Section
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European Stainless Steel
Relieving Angle Assembly

European Glass Fiber
Reinforced Plastic Lintel




Stainl ess Steel Pl ate nThr ou
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Continuous Roof Edge Angles
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P.T. 2x10 CONT., BEVEL
INSIDE EDGE

L 55x3xg (LLH), CONT,
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Steel Lintels Continuous
Across Full Thickness of Wall
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Fiberglass Reinforced Plastic Angles
Used as Shim in Hung Steel Lintel

High School Classroom Addition
Upstate NY - September 2009




Balconies and

Canopies
Pushing Structure

through the
Building Envelope




Steel Thermal Break Connections By Design

Commercial Building
Canopy @ Hanover, NH

PLE"8"x1'-0" GALY,
7 WELD ALL AROUND CP
T0 PL

(2) 13"14"x1'~8" STEEL PLs w/

(1) 14'x14"x1'-8" 100 PSI

| EXTRUDED POLYSTYRENE BETWEEN PLATES.
. w/ (6) 1" DIA. SS BOLTS,

OUNTER-SINK 3" AT EXTERIOR
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Insulate or Less Conductive Structure @
Overhangs?

(3) #12-14 SELF-TAPPING SCREWS

@ 1'-0" oc
F Y
?SSOE?*: &SCS:)MBL (SEE STEEL & ROOFING SPECS,

SIP- PANEL

CONTINUQUS WOOD BLOCKING
(SEE GENERAL NOTES FOR MAT'L
& ATTACHMENT REQUIREMENTS)

(SEE SIP SPEC)

TOP OF STEEL
ELEV. SEE PLAN

INSULATVE SPRAY FP———
(SEE ARCH)

L Z7-6" HoRZ
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Less Conductive Connections

Z-Clip: >
connecting panel skin
through insulation to wall
support system

Carbon Steel Stainless Steel FRP
U =0.12 U=0.07 U=0.05
2 - 1/2" STFF R’s —BENT R 1 1/4 X 1'-1"
@ T&B OF STAINLESS STEEL; ALL-AROUND
BENT CONN R \ COMPLETE PEN WELDS EA. END
\
9 Connection for
\ 2 VT Industrial
e Facility @
Entrance (under
Construction)
¥




Manufactured Structural
Thermal Break Assemblies
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Cantilevered
steel member
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Concrete Framing L]
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Revision Rev.| Date | Designed | Drawn
Created [13.08.10] H. sadallah |H. Sadallahf
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Steel Framing

SECTION 13471 - MANUFACTURED STRUCTURAL THERMAL
BREAK ASSEMBLIES

PART 1 GENERAL

1.1 RELATED DOCUMENTS

Drawings and general provisions of the Contract, including
General and Supplementary Conditions and Division 01
Specification Sections, apply to this Section.

1.2 SUMMARY

Engineered factory fabricated thermally-broken structural
assemblies for connecting exterior canopy and balcony steel
framing to interior structural steel framing.

Bid & Accepted @ VT
Industrial Facility
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Design Development @ Animal Care Building
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Building Base Insulation

Reducing large
conductive
structural
element

3" BASE PLATE
/ COLUMN BEARING BLOCKS, SEE SPECIFICATIONS

g

VAV

" A T 16x3Y;x '/, ANGLE, ALL SIDES OF
N COLUMN BASE. MITER AND FULL
| I PENETRATION WELD AT CORNERS.

WELD TO L4x4.

L4x4x '/, ANGLE WITH '/y"dia.
x2'-0" DBA's AT 9"oc

(4)- 3/4"9x3'-0" SS ANCHOR BOLTS

INSULATED SOFFIT-
SEE ARCH \/\




Column Base Insulation R

BASE PLATE

4" COLUMN ISOLATION BLOCK: CLOSED-CELL, INSULATING,
FLAME RETARDANT RIGID POLYURETHANE FOAM WITH A

35 PCF DENSITY AND A MIN COMPRESSIVE STRENGTH

OF 1500 PSI. LAST-A-FOAM R-9335 BY

GENERAL PLASTICS MANUFACTURING CO. | 1.

PRE-DRILL ANCHOR HOLES AT FACTORY WITH T

&
//////

CONCRETE PIER

~ o Cold Storage
2% Buildings
fc 2o NI N soiudteo

SLAB INSUL / . o
NON-SHRINK GROUT / / A
CONCRETE PIER /




NEOPRENE BEARING PAD

PLAZA ROOF SYSTEM
(SEE ARCH.) —\

REINFORCED CONCRETE
/ SLAB

#6 @ 1

(STAINLESS, Fy=75KSI)

FRP DOWELS

VAW

INSULATION —/

(SEE ARCH)

SKATE PAVILION

2" 1500 PS! POLYURETHANE
FOAM BEARING (SEE SPEC)

8" MC (SEE SPEC)
(R=10 MIN.)

INSUL (SEE ARCH)

Wall Base Insulation

POUR STOP

SPRAY FOAM

2" 100PSI EXTRUDED

POLYSTYRENE W/ SPRAY FP
@ EDGES & INFILL @ REINF

2%c w/ ¥-0" LEGS

Thermal
movement
materials
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Thermal Energy Loss |
at Top of Foundation |
Wall / Exterior Edge

of Slab on Grade




Foundation Insulation: |
Outside or Inside? &L

OUTSIDE

A Must protect top-down to
6" below grade

A Consider site conditions

A SOG can butt right up
against foundation wall

A Insulation reduces
footing depth required for
frost protection

A Much less common
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A No protection needed

A No need to consider
site conditions

A SOG should be
Insulated at edge

A Insulation eliminates
doing shallow frost
protected foundations

A Much more common




Foundation Insulation:

| ?
Or Middle”
3'|3'| 6"
L) :: 0
/( = .
C-GRID 1 a\msuweo CONCRETE
REINFORCING a4 2 WALL TIE (THERMOMASS)
o . o
ad1el
5 O

MIDDLE
A No protection needed

A No need to consider
site conditions

A SOG should be
Insulated at edge

A Insulation eliminates
doing shallow frost
protected foundations

A Like PCC System




Foundati on Wal | Wi t |

High School Classroom Addition
Upstate NY T October 2009

Elementary School Band Room Addition
Upstate NY 1 August 2009



