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Thailand Construction Insulation
• Mineral / Rock / Stone Wool

• Glass wool

• EPDM

• Air Bubble

• PE Foam (Polyethylene) 

• EPS & XPS Foam

• PUR & PIR Foam (Polyiso)

• Phenolic Foam



• Conduction

• Convection

• Radiation

Heat Transfer

Conduction

Conduction

Conduction
“...building insulation is the most
cost-effective solution to reduce
energy and greenhouse gases.”

McKinsey Global Institute



Better Performance Insulation?

• Lower K-Value ↓
• Higher R-Value ↑
• Lower U-Value ↓

• Thermal Conductivity 

   K-Value/Factor or Lambda (λ)

• Thermal Resistance

   R-Value or RSI (SI system)

• Thermal Transmittance

   U-Value / U-factor

Thermal Conduction: Key Consider

𝑅𝑅 =
𝑡𝑡
𝜆𝜆

=
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑡𝑡𝑇𝑇𝑚𝑚𝑇𝑇𝑚𝑚𝑚𝑚
𝑇𝑇𝑇𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇𝑜𝑜𝑇𝑇𝑐𝑐𝑐𝑐𝑇𝑇𝑡𝑡𝑇𝑇𝑐𝑐𝑇𝑇𝑡𝑡𝑐𝑐



Building Energy Concern

• OTTV: Overall Thermal Transfer Value

• RTTV: Roof Thermal Transfer Value



Building Material k-value



Insulation Material Thermal Parameters
K-value & R-value Table @ 24oC/75oF

Material
K-value R-value

W/m.K Btu.ft/
ft2.hr.F m2K/W ft2.hr.F/

Btu
per 
inch

Copper 399

Steel 50

Brick (2SP) 1.10 0.925 1.081 0.09 R-0.1

Cement 0.72 0.416 2.402 0.20 R-0.2

Gypsum 0.51 0.295 3.391 0.28 R-0.3

Wood   0.15 0.087 11.531 0.96 R-1.0

Glass wool 0.044 0.025 39.309 3.28 R-3.3

Cork board 0.043 0.025 40.223 3.35 R-3.4

PE foam     0.040 0.023 43.239 3.60 R-3.6

Mineral wool 0.038 0.024 41.180 3.43 R-3.4

EPDM 0.036 0.021 48.044 4.00 R-4.0

EPS    0.034 0.020 50.870 4.24 R-4.2

PUR/PIR 0.023 0.013 75.199 6.27 R-6.3

Reference: Insulation for sustainability: A guide, XCO2 Conisbee 2002



PE Foam

• PE (Polyethylene)

• Thermoplastic Polymer

• Roof application

• Lowest roof insulation cost

• Generally, apply glue to metal roof

• Concern on glue’s life expire



EPS & XPS Foam

• Expanded Polystyrene (EPS)

• Extruded Polystyrene (XPS)

• Thermoplastic polymer

• Lowest cost for sandwich wall insulation



Phenolic Foam
• Thermosetting Polymer

• Application: Pre-insulated Duct 

(PID), Pipe and board insulation

• Very good thermal performance

• Corrosion property



PUR & PIR Foam

• PUR (Polyurethane Rigid Foam)

• PIR (Polyisocyanurate, Polyiso)

• Thermosetting Polymer

• Rigid foam contain insulation gas

• Variety of application: fridge, truck, 

roof, panel, pipe, 



PUR & PIR Foam Difference

5%

21%

56%

18%

Additives  
Polyol

Flame Retardant
Isocyanate

PUR 

3%

5%

26%

66% PIR



Polyurethane in Roof Market
Topic TYPE 1 TYPE 2 TYPE 3 TYPE 4

1 PU Type PU Rigid PU Rigid PU Flexible PIR (only rigid)

2 Foam Cell Close-cell Close-cell Open-cell Close-cell

3 Recipe (blowing agent) Pentane / HFC / HFO Water Water Pentane / HFC / HFO

4 % Close cell ≥ 90% 60-70% ≤ 20% ≥ 95%

5 Overall Density 30-35 40-50 25-30 35-40

6 % Water Content in Chemical 2% 2-3% 5-8% ≤ 1%

7 % PU Water Absorption < 3% < 5% > 40% < 3%

8 K-Value (W/mK) 0.023 0.028 0.034 0.023

9 R-Value @ 25mm (m2K/W) 1.087 0.893 0.735 1.087

10 U-Value (W/m2K) 0.92 1.12 1.36 0.92

11 Heat Penetration Comparison 0% 22% 48% 0%

12 Fire Resistance & Reaction to Fire

-Reaction to fire

-Self-extinguished

-UL94

-No class

-Self-extinguished

-No class

(Fire spread by the

air in foam-cell)

- Fire resistance & Reaction to fire

- UL94, B1, B2

- FM4880 Class1

- FM4471 Class1

14 Strength & Rigidity High Medium-high Low High

15 Sound Absorption Medium Medium-high High Medium

16 Price Medium Medium Low High

Close-cell

Open-cell

>85%<5%<5% <5%
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Type

Bolt Boltless Seam

Length Up to 27 m (trailer transport)
Max 70 m (overlapping at site)

Up to 27 m (trailer transport)
Up to 120 m (on-site forming)

Up to 27 m (trailer transport)
Up to 120 m (on-site forming)

Wind uplift Up to 300 km/h Up to 250 km/h Up to 350 km/h

Shape & Curving Crimp curve and Sprung curve Crimp curve and Sprung curve Convex and Tapered

Characteristic - Economy
- The fastest type installation

For long length roof span Install with more design shape
Low slope installation (start from 10)

Limitation - Need to choose the right rib 
height and screw class

- Screw durability (optional to add 
cap cover sheet)

- Risk of leakage due to the screw 
hole expansion in case L>60 m

- Not recommend for overlaping installation 
(solved by expansion joint)

- Connectors & purlin alignment focus
- G550 & minimum 0.47TCT is 

recommended
- Blown open by gust of wind (recommend 

to fasten with screw at roof corners)
- Could be rusty by the abrasion at 

connector area

- Need more skilled workers to install 
the seaming area for the better look

- Rust by abrasion at connector area 
(solved by unfixed connector)

- Can occur oil canning esp. G300 
(solved by structural embossed ribs & 
G550)

Reparation Easy Medium Hard

Roof Profile Type



Foam Insulation in Metal Roof

MKS 720B      H45
MKS 760SP   H32

MKS 760SS   H24

MKS 720BL   H40

MKS 700P    H60 MKS 350 SEAM   H40



Fire Concern by Insurance Company



• Limit / Minimize loss
• Save Life & Assets
• Business Resilience
• Insurance Benefits

Why Insulation Fire Performance?



Reaction to Fire - UL94 Comparison

Reaction to Fire - UL94 Comparison

PE FoamEPS Foam

PUR Foam
(FR - Grade)

PUR Foam
(Water blown)

PIR Foam



PIR Roof & Sandwich Wall Recommended Standard
Standard Detail

FM 4471 (PIR Roof) Approval Standard for Class 1 Panel Roofs

FM 4880 (PIR Sandwich Panel) Approval Standard for Class 1 Fire Rating of Building Panels or Interior Finish Materials

FM 4881 (PIR Sandwich Panel) Approval Standard for Class 1 Exterior Wall Systems

BS EN 13501-1:2007 +A1: 2009
(Euroclass / EU Std.)

Reaction to fire classification: B-s1,d0

BS 476 part 20 & 22 Pass: >1 hr

BS 476 part 6 & 7 Class 0

ASTM E84 / UL 723 Standard Method of Test for Surface Burning Characteristics of Building Materials

UL94 HBF Rating (Self-extinguished)

ASTM C518:2017 0.023 W/mK @24oC

AS 1562.1-1992, AS 4040.2-1992 Wind speed resistance up >250 km/hr

Determination of VOC emissions 
evaluation as per LEED v4.1

TVOC and Formaldehyde not detect



Why FM?

• Project property insurance requirement
• Performance & system-based testing and certification
• International product listing scheme similar to  e.g. EU 

CE Mark, Singapore PLS
• Surveillance Audit



FM Approved – Roof & Wall



Risk on Roofing



FM4471 Class 1 Panel Roofs

No List Testing Procedure Result
1 Combustibility – From 

Above Roof Assembly
ASTM E-108 Spread of Flame Pass Class A with 

Slope within 22.6˚

2 Combustibility – From 
Below Roof Assembly

NFPA276 Materials Calorimeter Test Pass (30 mins test)

3 Wind Uplift Resistance 12 x 24ft Wind Uplift Testing (3.6x7.4m)
1 min holding at every 15 psf

Pass at minimum 
60 psf

4 Foot Traffic Resistance The ability of the panel roof assembly to resist 
foot traffic (200-pound weight) without 
puncture of the panel roof, no separation or 
disengagement of the side or end laps

Pass

5 Hail Damage 
Resistance

no evidence of puncture or chipping, peeling, 
blistering, cracking, or crazing of the coating 
when examined under 10X magnification

Pass with 12 points 
severe hail criteria

6 UV Resistance QUV testing procedure During 1,000 hrs 
test



FM4471 – Fire test



FM4471 – Fire Test Fail Example

Example of
FAIL RESULT

of ASTM E108

Fire spread to the edge 
of Panel Roof Sample



FM4471 – Wind Uplift Test

= 29 mbar = 247 km/h = 44 mbar = 301 km/h



FM4471 – Foot traffic & Hail resistance



Roof FM4471 Certificate Example

https://roofnav.app.fmglobal.com/



Sandwich Panel Insulation

“Sandwich Panel” / “Sandwich Wall” / “ISOwall” / “Insulated Metal Panel (IMP)”

•   EPS Sandwich Panel in Thailand cold storage industry

• +  PU Sandwich Panel in Japanese-owner cold-chain logistic

•   Imported PIR Sandwich Panel in European-owner cold storage

•   PIR Sandwich Panel local made

•   FM Approved PIR Sandwich Panel local made

50+ Years

20+ Years

10+ Years

8 Years

5 Years



Sandwich Panel in Cold Chain Facility



Polystyrene (EPS)

Polyurethane
(PU)

Polyisocyanurate
(PIR)

Rockwool /
Mineral wool

Sandwich Panel Insulation in Thailand



How to Select Insulation for Panel
PIR (Polyisocyanurate) Factors Rockwool

Close cell insulation Insulation Structure Fibrous insulation

High R-Value Thermal Performance Lower R-Value

Resistance to moisture Moisture Resistance Absorb moisture in long term

Reaction to Fire Fire Performance Fire Resistance

Lighter weight Structure Load Heavier weight

Moderate Initial Cost Slightly higher (by labor cost)

Food processing, Cold storage, Cleanroom, 
other buildings Application Scenarios Data Center, Cleanroom, Painting Line, 

other buildings



(See IACSC Code of 
Practice for the 
design of cold 

storage envelopes)

Optimization

Line

Goal 
Temp
(oC)

ΔT
(oC)

Panel Thickness (mm) Optimization
mm (W/m2)40 50 75 100 125 150 200 250 300

U (W/m2.K) 0.58 0.46 0.31 0.23 0.18 0.15 0.12 0.09 0.08
R (m2.K/W) 1.72 2.17 3.26 4.35 5.43 6.52 8.70 10.87 13.04

25 15 8.63 6.90 4.60 3.45 2.76 2.30 1.73 40 (8.63)
20 20 11.50 9.20 6.13 4.60 3.68 3.07 2.30 50 (9.20)
15 25 14.38 11.50 7.67 5.75 4.60 3.83 2.88 75 (7.67)
10 30 17.25 13.80 9.20 6.90 5.52 4.60 3.45 75 (9.20)
5 35 20.13 16.10 10.73 8.05 6.44 5.37 4.03 100 (8.05)
0 40 23.00 18.40 12.27 9.20 7.36 6.13 4.60 100 (9.20)
-5 45 25.88 20.70 13.80 10.35 8.28 6.90 5.18 125 (8.28)

-10 50 28.75 23.00 15.33 11.50 9.20 7.67 5.75 125 (9.20)
-15 55 31.63 25.30 16.87 12.65 10.12 8.43 6.33 150 (8.43)
-20 60 34.50 27.60 18.40 13.80 11.04 9.20 6.90 150 (9.20)
-25 65 37.38 29.90 19.93 14.95 11.96 9.97 7.48 150 (9.97)
-30 70 40.25 32.20 21.47 16.10 12.88 10.73 8.05 200 (8.05)
-35 75 43.13 34.50 23.00 17.25 13.80 11.50 8.63 200 (8.63)
-40 80 46.00 36.80 24.53 18.40 14.72 12.27 9.20 200 (9.20)

High Investment /

Low Energy Loss

Low Investment /

High Energy Loss 

Unit: W/m2

K-Value:
0.023 W/mK

Optimization 
Heat Flow

Design (Q) 

8-10 Watt/m2

U-value & thickness selection (k-value 0.023 w/m2)Thickness Selection (k-value 0.023 w/m2)



FM 4880 Class1
• Room Test

• Parallel Panel Test

• Flammability 
Characterization of 
Insulation Core

• Heat Content

• Ash Content

• Combustion

FM4880 & FM4881 System Test



FM4881 Wind Load Test

Wind Load Test
Criteria : inward 4,500 cycles & outward 4,500 cycles



FM4880 & FM4881 Test



FM4880 & FM4881 Certificate Example

https://www.approvalguide.com/



ASTM E84
• FSI & SDI criteria
• Class A, B, C

UL94
• Flammability Rating
• V0, V1, V2
• HBF, HF1, HF2

Reaction to Fire Testing



Reaction to Fire Europe Classification

Class Fire, Smoke, Droplet Description
A1 A1

Non-combustible materials
A2

A2-s1,d0 A2-s1,d1 A2-s1,d2
A2-s2,d0 A2-s2,d1 A2-s2,d2
A2-s3,d0 A2-s3,d1 A2-s3,d2

B
B-s1,d0 B-s1,d1 B-s1,d2

Hardly combustible materials

B-s2,d0 B-s2,d1 B-s2,d2
B-s3,d0 B-s3,d1 B-s3,d2

C
C-s1,d0 C-s1,d1 C-s1,d2
C-s2,d0 C-s2,d1 C-s2,d2
C-s3,d0 C-s3,d1 C-s3,d2

D
D-s1,d0 D-s1,d1 D-s1,d2

Normally flammable materials
D-s2,d0 D-s2,d1 D-s2,d2
D-s3,d0 D-s3,d1 D-s3,d2

E
E
E-d2

F F Easily inflammable materials

Low Smoke



EN 13823 SBI & ISO 11925-2 Single Flame Source Test



BS476 part 20/22

• Non-loadbearing Fire 

resistance testing for 

partition

• Integrity: Fire Rating

Fire Resistance Test



Vertical & Horizontal Span Suggestion

Internal Wall Single Span Condition
Outer  sheet 0.5 mm (Steel),Inner Sheet 0.5 mm.(sheet)
With(L/100)
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3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0

F (kN/m2)

   H (m)
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Internal Ceiling Single Span Condition
Outer  sheet 0.5 mm (Steel),Inner Sheet 0.5 mm.(sheet)
With(L/100)

Note . 1 Load Pressure or suction with Internal Wall 0.3 kN/m2 and require ≥ 0.30 kN/m2

2 Load Pressure or suction with Internal Ceiling  0.25kN/m2 and require ≥ 1.0 kN/m2

3.The table is for an internal temperature of  0 OC Calculated by Mr.Chaianuchit Srihard (Senior Professional Civil Engineer)
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Installation



Install wall and ceiling

Sandwich Panel Installation



PR
O

JEC
T TITLE



Industrial Roof



Data Center Hub

Customer Kasetphan

Project True Service Center

Location : Pathum Thani

Roof Profile MKS720B +PUM50mm

Size 500 SQM

Year 2022



Industrial PU Roof & Siding



Industrial PU Roof



Automotive Services PU Roof

Customer Car Dealers

Project Show room & Service

Size > 100,000 SQM

Year 2018-2023



Modern Market PU Roof



Academic Sector PU Roof & Siding
Customer Owner

Project International School

Size 29,150 SQM

Year 2020



Residential PU Roof



Food Processing & Cold Storage



High-rise Insulated Warehouse



Cleanroom Electronics



Data Storage Center



Cleanroom Pharmaceutical



External Wall



Insulated Doors



Tiny House/ Knock-down House



Company Overview

   Metal Insulated            Purlin                 Sandwich     SILO             
      Roof   Roof        & Decking        Panel  & System

30

Years

300

Staffs

20 M 

m2 
Metal & Insulated Roof

Delivered & Installed

2.6 M

m2

Sandwich Panel
Delivered & Installed



CONTACT CENTER: 098-272-1979

THANK YOU. ANY QUESTION?
Thana.c@munkongsteel.com
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