


2 MasterFlow Grouts
The Critical Link Between Foundation and Turbine

Foundation Grout
The Critical Link

The latest technical developments in the construction of wind turbines are creating giant
towers capable of producing higher levels of renewable energy. The foundations of these
towers need to meet ever higher quality requirements while at the same time reducing
construction periods. Wind power turbines are high, slender structures that are exposed to
high dynamic wind loads and other service stresses.

The interaction of the machine with the load transferring components  All these loads need to be transferred / absorbed by the grout

of the installation — tower, foundation and anchors - requires connecting the tower to the foundation structure. A careful design
special attention in the design of a windturbine. The most important  and selection of the grouting material is therefore of utmost
loads acting on a wind turbine structure are: importance. Safe and durable installation of wind turbines largely

depend on high performance building materials which connect

" Axialload = Rotation = Vibration the tower to its base / foundation

= Bending = Torsion
Master Builders Solutions' specially developed ultra-high
performance materials — MasterFlow grouts — meet all these
requirements, have faster installation times and lead to long-term
maintenance-free operation of onshore wind farms.

Safe and durable installations:

= Ultra-high early and ultimate strengths
= Excellent long term durability

= VVolume stability for the life of the design

Opportunity for wider weather windows:

= MasterFlow grouts are applicable down to +35 °F
= Rapid strength development

= Placement in cold and hot enviroments

MasterFlow grouts are validated
by many testing institutes:
= For grouting onshore wind turbines to the foundation

Improved risk management:
= Master Builders Solutions provides warranties
= Engineering and field staff support available

Cost effective installations:
= MasterFlow grouts can considerably reduce the
overall installation time

Fast and easy installation:

= MasterFlow grouts safeguard on time project completion
= Wind turbines may even be connected to the grid earlier
= Quicker electricity production is possible
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Master

Builders Solutions

Building on partnerships. Our Master Builders Solutions experts find innovative and
sustainable solutions to meet your specific construction needs. Our global experience and
network help you to be successful — today and tomorrow.

Admixture Systems for the best concrete mixes in foundations

Master Builders Solutions

The Master Builders Solutions brand brings all of its expertise
together to create chemical solutions for new construction,
maintenance, repair and renovation of structures. Master Builders
Solutions is built on the experience gained from more than a
century in the construction industry.

The know-how and experience of a global community of
construction experts form the core of Master Builders Solutions.
We combine the right elements from our portfolio to solve your
specific construction challenges. We collaborate across areas of
expertise and draw on the experience gained from countless
construction projects worldwide. We leverage global Master
Builders Solutions technologies, as well as our in-depth knowledge
of local building needs, to develop innovations that help make you
more successful and drive sustainable construction.

Ultra-high performance MasterFlow grouts for wind turbines



MasterFlow Grouts

MasterFlow® Cementitious
Grouting Solutions for Onshore Wind

Product Selector

AGGRE-
PRODUCT | DESCRIPTION GATE e FLOWABILITY EXTENDED BASE PLATE &
TYPE mANEE WORKING |[FOUNDATION | GOOD | BETTER | BEST
FLUID | FLOWABLE | PLASTIC TIME GROUTING
MasterFlow | Nonshrink preci- Mineral 50-80°F
555 sion grout (10-27°C)
Nonshrink precision
MasterFlow X . 45-90°F
928 grout‘ wﬁh extended Mineral (7-32°C)
working time
MasterFlow E'ga_dhigh ]f'"ength' Vineral | 38-100°F
4316 Yy I’! _per ormance (2 _3g° C)
precision grout
TECHNICAL DATA MASTERFLOW .
MasterFlow 555 Mineral-Aggregate Grout
PROPERTY 555 928 4316
. A semi-fluid, non-shrink mineral-aggregate grout. It is ideally suited
Compressive strength, psi (MPa) for grouting machines or plates requiring optimum load bearing
3 day? support. MasterFlow 928 Extended Working Time Grout A hydraulic
Fluid 4,200 (29) 4,500 (31) - cement-based mineral aggregate non-shrink grout with extended
F'OW"_"b'e 4,500 (31)  5,000(34) 10,900 (75.2) \yorking time. It is ideally suited for grouting machines or plates
Plastic 5,800 (40) 6,000 (41) - requiring precision load-bearing support. It can be placed from fluid
28 days to damp pack over a temperature range of 45 to 90° F (7 to 32° C).
Fluid 7,000 (48) 7,500 (52) -
Flowable 7,500(52)  8,000(55) 16,700 (115.1) MasterFlow 928 Mineral-Aggregate Grout
Plastic 8,500 (59) 9,000(62) -
MasterFlow 928 grout is a hydraulic cement-based mineral
Working time, minutes 5-20 30-60 30-60

PACKAGING AND YIELD

PROPERTY BAG / LBS (KG) YIELD/FT? (M3)
MasterFlow 555 50 (22.7) 0.42 (0.012)
MasterFlow 928 55 (25) 0.50 (0.014)
MasterFlow 4316 50 (22.7) 0.39 (0.011)

aggregate non-shrink grout with extended working time. It is ideally
suited for grouting machines or plates requiring precision load-
bearing support. It can be placed from fluid to damp pack over a
temperature range of 45 to 90° F (7 to 32° C).

MasterFlow 4316 High-Performance Grout

A unique grout that provides high early and ultimate compressive
strengths over a wide variety of application and service
temperatures. The superior performance of MasterFlow 4316 lies in
its novel hydraulic cement binder with applied nanotechnology and
premium mineral aggregates which, when mixed with water,
produces a flowable and pumpable grout that can be installed in
temperatures ranging from 35 to 100° F (2 to 38° C).




MasterFlow® Epoxy
Grouting Solutions for Onshore Wind

Product Selector

PERFORMANCE APPLICATION

PRODUCT ELEVATED TEMP FLOWABILITY | e | cHEmicar | Low HIGH | BASEPLATE | NARROW ANCHORBOLT | DEEP
LOAD |RESISTANCE | creep | BEAR: READTERY (G el
GOOD | EXCELLENT | NORM | HIGH ING TION ANCE SM | MED | LG | (>6”)
MasterFlow 649
TECHNICAL DATA MasterFlow 649 High-Flow Grout
PROPERTY MASTERELOWI649 A high-strength epoxy grouting material for support of heavy
Compressive strength, psi (MPa) equipment. It ensures the proper transmission of static and dynamic
Hours 55°F (13° C) 73°F (23° C) 90° F (32° C) loads to the equipment foundation. It offers high early and 7-day
8 - 700 (5) 9,400 (65) strengths for applications requiring fast turnaround as well asgood
16 - 7,000 (48) 13,700 (96) chemical and crack resistance.
24 1,300 (9) 11,500 (81) 16,000 (112)
48 9,400 (65) 16,400 (115) 18,500 (130) L .
72 13,900 (96) 17.100 (118) 19.000 (134) MasterFlow 647 Injection Resin
96 16,700 (115) 18,000 (124) 20,000 (141) A modified epoxy resin grout, specially formulated for grouting
cracks in structures and machinery foundations. Suitable for
PACKAGING AND YIELD pressure injection of grouted baseplates beneath compressors,
PROPERTY PACKAGING YIELD FT* (W) turbines, and other vibrating and rotating machinery.

MasterFlow 649

57.4 Ib unit 0.43 (0.012)
Resin one 5.6 Ib pail (2.5 kg)
Hardener one 1.87 Ib bottle (0.85 kg)
Aggregate one 50 Ib bag (22.7 kg)

230 Ib unit 1.73 (0.049)
Resin one 22.3 Ib pail (10.1 kg)
Hardener one 7.6 Ib bottle (3.4 kg)

Aggregate four 50 Ib bags (22.7 kg)
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MasterFlow 4316

For Onshore Wind Turbine Installations

Ultra High Strength Hybrid Cementitious Grout

MasterFlow 4316 is a unique grout that provides high early and
ultimate compressive strengths over a wide variety of application and
service temperatures. The superior performance of MasterFlow 4316
lies in its novel hydraulic cement binder with applied nanotechnology
and premium mineral aggregates which, when mixed with water,
produces a flowable and pumpable grout that can be installed in
temperatures ranging from 35 to 100° F (2 to 38° C). It offers the
strength of an epoxy with the ease of appplicatiion of a
cementitious grout.

Concrete tower foundation

TEST DATA

PROPERTY TEST METHOD

REQUIREMENT 35° F (2° C)

FEATURES

High early compressive strength
4,300 psi at 8 hours
8,000 psi at 1 day
16,000 psi ultimate strength

95% Effective Bearing Area

Extremely dense material with proven fatigue
resistance — durable

Outstanding shrinkage, impact and vibration resistance
Ability to place in cold weather (35° F / 2° C)

In service temperatures up to 1000° F (538° C)
Homogeneous, flowable and pumpable

Application advantage — one component, easy
mixing, placement and cleanup)

TEST METHOD

72°F (22° C) 100° F (38° C)

Compressive strengths, ASTM C 109
psi (MPa)
8 hours none - 4,300 (30) -
12 hours none - 6,500 (44.8) -
1 day 1,000 (7) 4,100 (28.3)  min. 8,000 (55.2)  min. 8,000 (55.2)
3 days 2,500 (17) 8,700 (60) 10,900 (75.2) 10,600 (73.1)
7 days 3,500 (24) 10,000(68.9) min. 12,000 (82.7) min. 12,000 (82.7)
28 days 5,000 (34) 11,900 (82) 16,700 (115.1) 17,000 (117.2)
Setting Time, min ASTM C 191
Initial - 180 180 150
Final - 220 210 180
Impact Resistance, - - 43 - LA Rattler, 2,000 Cycles

Mass Loss, %

Fatigue — -

DNV-0S-C502-458
Loaded at 7,639 psi
(52.7 MPa) at 5hz cycle rate

No deterioration after —
2,000,000 cycles

Effective Bearing Area

High - Greater than 95% ASTM C 1339



MasterFlow 649

High Compressive Strength and Effective Bearing Area

For Onshore Wind Turbine Installations = Excelient resistance to

Vibration and rotational torque

. Creep
High Strength Epoxy Grout Chemical attack
MasterFlow 649 is an epoxy resin-based precision grout used to Elevated service temperatures

secure critical equipment for proper alignment and transmission of
static and dynamic loads. With carefully balanced physical properties
and excellent resistance to chemical attack, elevated service
temperatures, vibration and torque, MasterFlow 649 is formulated for
easy installation, with good flow characteristics suitable for pouring or
pumping. It also offers simple soap and water cleanup.

Formulated for easy installation
Good flow characteristics
Suitable for pouring or pumping
Soap and water cleanup

J
MasterFlow 649

Perfect balance of important
physical properties

T

Concrete foundation ready to install turbine

TEST DATA
PROPERTY RESULTS TEST METHOD
Compressive strength, psi (MPa), when cured at ASTM C 579, modified
Cure rate, filled 6.25: 1
Hours 55° F (13° C) 73°F (23° C) 90° F (32° C)
8 - 700 (5) 9,400 (65)
16 - 7,000 (48) 13,700 (96)
24 1,300 (9) 11,500 (81) 16,000 (112)
48 9,400 (65) 16,400 (115) 18,500 (130)
72 13,900 (96) 17,100 (118) 19,000 (134)
96 16,700 (115) 18,000 (124) 20,000 (141)
Tensile strength, psi (MPa) 2,300 (16) ASTM C307
filled 6.25: 1
Flexural strength, psi (MPa) filled 6.25:1, ASTM C580
cured 7 days at 73° F (23° C) °F(°C)
76 (24) 4,600 (32)
140 (60) 4,200 (29)
170 (77) 2,100 (15)
Shrinkage, unrestrained 0.00065 ASTM C531

linear in/in, filled 6.25:1

Impact strength, Better than concrete



Master Builders Solutions

The Master Builders Solutions brand brings all of MBCC Groups
expertise together to create chemical solutions for new construction,
maintenance, repair and renovation of structures. Master Builders
Solutions is built on the experience gained from more than a
century in the construction industry.

The know-how and experience of a global community of MBCC
Group construction experts form the core of Master Builders
Solutions. We combine the right elements from our portfolio to solve
your specific construction challenges. We collaborate across areas

of expertise and regions and draw on the experience gained from
countless construction projects worldwide. We leverage global
MBCC Group technologies, as well as our in-depth knowledge
of local building needs, to develop innovations that help make
you more successful and drive sustainable construction. The
comprehensive portfolio under the Master Builders Solutions
brand encompasses concrete admixtures, cement additives,
chemical solutions for underground construction, waterproofing
solutions, sealants, concrete repair and protection solutions,
performance grouts and performance flooring solutions.

Master Builders Solutions products for the Construction Industry:

MasterAir® MasterGlenium® MasterProtect®

Solutions for air-entrained concrete Solutions for high-performance concrete Solutions for concrete protection
MasterBrace® Masterlnject® MasterRheobuild®

Solutions for concrete strengthening Solutions for concrete injection Solutions for super-plasticized concrete
MasterCast® MasterKure® MasterRoc®

Solutions for manufactured concrete Solutions for concrete curing Solutions for underground construction
product industry MasterLife® MasterSeal®

MasterCem® Solutions for enhanced durability Solutions for waterproofing and sealing
Solutions for cement manufacture MasterMatrix® MasterSet®

MasterEmaco® Advanced rheology control solutions for Solutions for retardation control
Solutions for concrete repair self-consolidating concrete MasterSure®

MasterFinish® MasterPel® Solutions for workability control
Solutions for formwork treatment Solutions for water tight concrete MasterTop®

MasterFlow® MasterPolyheed® Solutions for industrial and

Solutions for precision grouting Solutions for high-performance concrete commercial floors

MasterFiber® MasterPozzolith® Ucrete®

Comprehensive solutions for fiber
reinforced concrete

Master Builders Solutions
Constructions Systems US, LLC
889 Valley Park Drive

Shakopee, MN 55379 USA

Customer Service (800) 433-9517
Technical Service (800) 243-6739
master-builders-solutions.com/EN-US

® registered trademark of a Group member
in many countries of the world

© 2021 MBCC Group, 14000286 rev 03/2021

Solutions for water-reduced concrete Flooring solutions for harsh environments

LIMITED WARRANTY NOTICE: Master Builders Solutions Construction Systems US, LLC (“Master Builders”) warrants this product to be
free from manufacturing defects and to meet the technical properties on the current Technical Data Guide, if used as directed within shelf
life. Satisfactory results depend not only on quality products but also upon many factors beyond our control. Master Builders MAKES NO
OTHER WARRANTY OR GUARANTEE, EXPRESS OR IMPLIED, INCLUDING WARRANTIES OF MERCHANTABILITY OR FITNESS FOR
A PARTICULAR PURPOSE WITH RESPECT TO ITS PRODUCTS. The sole and exclusive remedy of Purchaser for any claim concerning this
product, including but not limited to, claims alleging breach of warranty, negligence, strict liability or otherwise, is shipment to purchaser of product
equal to the amount of product that fails to meet this warranty or refund of the original purchase price of product that fails to meet this warranty,
at the sole option of Master Builders. Any claims concerning this product must be received in writing within one (1) year from the date of shipment
and any claims not presented within that period are waived by Purchaser. Master Builders WILL NOT BE RESPONSIBLE FOR ANY SPECIAL,
INCIDENTAL, CONSEQUENTIAL (INCLUDING LOST PROFITS) OR PUNITIVE DAMAGES OF ANY KIND.

Purchaser must determine the suitability of the products for the intended use and assumes all risks and liabilities in connection therewith. This
information and all further technical advice are based on Master Builders present knowledge and experience. However, Master Builders assumes
no liability for providing such information and advice including the extent to which such information and advice may relate to existing third party
intellectual property rights, especially patent rights, nor shall any legal relationship be created by or arise from the provision of such information
and advice. Master Builders reserves the right to make any changes according to technological progress or further developments. The Purchaser
of the Product(s) must test the product(s) for suitability for the intended application and purpose before proceeding with a full application of the
product(s). Performance of the product described herein should be verified by testing and carried out by qualified experts.



