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Mechanical Injection Packer.bak

PACKER
WER Y. S PACKER §2-43mm
PACKER 100-50mm

PACKER 130-T0mm
PACKER 100-100mw

PACKER 10200

PACKER 162-160mm

Our company is manufacturing various kinds of packers for injection use that are essential items for
repairing and reinforcing the maintenance of concrete structure.

With the automation of production line, we are providing the cost saving and also producing the quality
products in equal. Especially, as the packer for high pressure injection use, it has excellent back flow
preventing ability in spite of its durability and low viscosity resin. And it is designed for easy packing and
finishing.

Mechanical Injection Packer

Merits of Method of Construction of Packer

It can inject large amount of resin with high pressure /speed so it enhances the work efficiency.
It can achieve perfect injection by injecting it forcefully with high speed.

It has excellent finishability after injection operation.
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Usage of Packer for each Specification

6d-45 8®-55 100-60 100-100 130-70
Maximum Expansion Diameter 7.6 10.2 12.5 12.5 154
Maximum Pressure 350 380 520 520 520

A Method of Construction for Injection

1.Crack and leakage condition inspection

Check the process procedure after finding the thickness, width and depth of crack and leakage condition
of the structure

2.Drilling Operation

Drill directly into crack section if the thickness of concrete is thinner than 10cm. For the thickness of
10cm~50cm, drill it with 45 degree angle by keeping a distance of 1/5 of concrete thickness. Make sure it
penetrates the crack section. If the thickness is over than 50cm, keep the distance of 20cm~30cm and
drill it with 45 degree angle until it penetrates crack section. And keep drilling by maintaining the fixed
interval. (5 holes per 1 meter. Drill it in zigzags)




www . takbook . com

3.Packer Installation

Clean the inside of drilled holes with compressor. Make sure that rubber sleeve of packer and cutting line
of tightening nut should be put into the inside of concrete surface when installing. Tighten the packer
completely by using the T-box. (Packer might be damaged if you tighten it too strongly)

4.Injection Operation

Inject the urethane water stopping material by using the high pressure device or grease gun. Maintain the
initial injection pressure as around 40kg/cm and increase the pressure by each 10kg/cm gradually until
the water stopping material flows out from crack section. Water will come out from the crack section first
and then water stopping foaming agent and then water stopping liquid at last. If the water stopping
material that is not foamed comes from the crack section, then move to next packer for injection.

5.Packer Removing Operation
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Remove and break the packer by using vise pliers or hammer as a tool. If there is still a wet section, then
inject the water stopping material again.

6.Finishing Operation
Remove the water stopping material that is remained on the crack section. Spreading with the elastic
sealing material.
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Product Data Sheet

Professional Packer & Injection Accessories

Code Size
S-TYPE
13-405 1/2x3 in 13=70 mm
16-605 5/8x3 in 16x70 mm
13-1155 1/2x4 in 13x100 mm
13-1755 1/2x6 in 13x150mm
16-1155 5/8x4 in 16x100 mm
B-TYPE
13-70B 1/2x3 in 13x70 mm
16-708 5/8x3 in 16x70 mm
10-608 3/8x2.5 in 10x60 mm
B-508 5/16x2 in Sx50 mm
G-468 1/4x1.8 in Gxd45 mm
13-1008 1/2x4 in 13x100 mm
16-1008 38xd in 16x100 mm
13-150B 17246 in 13150 mm
16-1508 3/8x6 in %150 mm
13-2008 1/2x8 in 13%200 mm
16-2008 S5/BxE in 2x200 mm
ZINC-TYPE
13-70Z1 1/2x3 in 13x70 mm
PLASTIC BUTTON-TYPE
S5/ERPE 5/8x4 in 16100 mm
HAMMER-IN PLASTIC PACKERS
HamM3/8 3/Bx3 In 10570 mm
SURFACE EPOXY PORTS
SPCORNER 1/4in 10 mm
HAaML/Z-EP 1/2 in Haole: 13 mm
Port: 10 mm
@\I SPEPTRI 1/4in 10 mm
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Static Mixers

Recommended Product Use

by Mixer Number:

1- 6060 QuickFix

2- PA3000 Epoxy Machine Short

3- JointMaster Pro 2 Short

4- PA3000 Epoxy Machine Standard

5- 4500F Epoxy Paste & 6500 JointFiller
6- 4000 LV / 4050 SLV Epoxy Cartridge
7- JointMaster Pro 2 Standard

Drill Bits

Maximum Life, Premium Carbide

Tipped Hammer Drill Bits to fit SDS Plus Style Mounting
Selected, Quality Tested Long Life Drill Bits

We added selected quality drill bits to our line of accessories
to save you money and ease the job. Please

call our office at 1877-932-2293 for more information

on these competitively priced maximum life drill bits.

https://www.sealboss.com/PACKER.php
https://swchem.net/en/?page_id=788

Chemical Injector Quill

The chemical injector and sampler are the end devices of the chemical injection system or the piping
medium sampling system. Periodically injecting chemical inhibitor into the pipeline is the most practical
way for minimizing or controlling corrosion, which requires chemical injectors. EMT Injection System for
easy, reliable access, inhibitors can be injected under operating pressure with safety. The chemical
injector has many types of nozzles. The sampler is approximately the same as the injector.

Removable Chemical Injector Quill

The chemical injector and sampler are the end devices of the chemical injection system or the piping
medium sampling system. Periodically injecting chemical inhibitor into the pipeline is the most practical
way for minimizing or controlling corrosion, which requires chemical injectors. EMT Injection System for
easy, reliable access, inhibitors can be injected under operating pressure with safety. The chemical
injector has many types of nozzles. The sampler is approximately the same as the injector.
Removable chemical injector quill

http://www.emtpipeline.com/product-list/chemical-injector-
quill?gclid=EAlalQobChMI36XPrabk7wIVwu3tCh2aQQbsEAAYASAAEgIA0PD_BwE

Plastic Injection Molding

A manufacturer of injection molding machines wants a system that will close a molding
chamber, apply pressure to the molding chamber for 5 seconds and then open the mold.
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This action needs to be synchronized with other machine events. When the molding
chamber is open the motor must be "parked" at a designated position to allow clearance to
remove the molded part. The manufacturer would like an electronic solution (this is the only
hydraulic axis on the current machine).
Machine Objectives:

e Electronic solution

e Computer-controlled solution

e 4000N (900lbs.)force
Motion Control Requirements:

e Position and torque control

e Serial link to computer and other drives

e Ability to change pressure and dwell
Application Solution:
A BDHX75E/230V brushless servo drive with an MD3450/230V motor and an ETS80-BO4LA
Electro-Thurst Electric Cylinder were used. The BDHX servo was chosen because it can
switch between position control and torque control on-the-fly without instability or
saturation and then, while in torque control mode, directly controls motor torque.
Product Solutions:

e Controller/Drive - BDHX75E/230V

e Motor - MD3450/230V

e Actuator - E2580-BO4LA
http://www.parkermotion.com/applications/plasticmold.htm
Plastic Injection Molding
15years plastic injection molding factory in shenzhen china
We are a professional mold manufacturer founded in 1996, And bought Vowin at 2008, To
Provide from Design to Prototype Make to Mold Manufacturing And
Assembly,lnjection,Painting,Screen Printing, and Ship, ALL IN ONE Service Company.
Which Mold you want do? Plastic Injection/or die casting or punch mould etc Which Mould
Material you want choice? 45#, 50#, P20, H13, 718, 2738, NAK80, S136, SKD61 etc. Which
Product Material want? PP, PC, PS, PE, PU, PVC, ABS, PMMA etc.
How many Cavity? Single/Multiple which Designing Software you use? UG/CAD/PROE
etc. Runner? Hot/cold
Tolerance? 0.005 - 0.01mm Mould Life you want? 300000 -1000000 Shots Mould
Base? LKM/HASCO/DME etc.
Package Wooden Case Delivery By Sea /By Air or keep the mould in our factory and injection
from us Specifications As per customers' demand
7 Major Advantages and steps of Plastic Injection Molding make
1. RD or Customer drawing Sent to us 3D drawing , meanwhile ,We support customer R&
D. Make the files or improve the design if you needed.
2. Negotiation the quality, price, material, delivery time, payment item, ect.
3. Place an order according your own design or our design drawing which according to
your need
4. Mould
According customers request to build the mould. Before make the mould, we send mo
uld design to customer approval first, before move forward to production; we send sa
mples to customer to confirm first.

5. Sample shoot
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If the first sample come out is not satisfied customer, we modify the mould and until
meet customers satisfactory. Also the customer pay the 30% of the total

6.MASS PRODUCTION After everthing ok, customer approved and signed the sample to us go
ahead Mass production

7. Delivery time Delivery goods by sea or by air, according customers requirement.
The top 8 benefits of plastic injection molding

1) It's accurate.

Plastic injection molding is such a precise method that it can fabricate nearly any type of plastic
part. There are certain design restrictions, but the molds that are made allow the finished
product to be very precise. In fact, accuracy is typically within 0.005 inches.

2). High Efficiency- Fast Production

There are several good reasons that plastic injection molding is known as the most common
and most efficient form of molding. The process itself is extremely fast compared to other
methods, and the high production output rate makes it even more efficient and cost-effective.
Speed depends on the complexity and size of the mold but only about 15-120 seconds pass
between each cycle time.

3) Low labor costs.

Injection molding equipment typically runs with a self-gating, automatic tool to keep
operations streamlined and production ongoing, requiring minimal supervision.

4) It's resourceful.

With so much attention being paid to sustainability these days, it's commonplace for product
developers to choose processes that benefit the environment and minimize waste. Plastic
injection molding isn't only an efficient, effective process, but it is also resourceful. That's
because a) only as much plastic as is necessary is used to create the part and b) excess plastic
can be ground up and recycled after use.

5. Flexibility- Material and Color

Choosing the right material and color for a project are two of the essential factors in creating
plastic parts. Due to the wide variety of both, the possibilities are almost endless. The
advances in polymers over the years have contributed to the development of a large selection of
resins from which to choose. It is important to work with an injection molder that has
experience with a variety of resins and applications including resins that are compliant with
FDA, RoHS, REACH and NSF. To ensure you select the right resin for your project, keep in mind
the following variables: impact strength, tensile strength, a flexural modulus of elasticity, heat
deflection and water absorption.

Plastics can be colored using various coloring systems, each of which offers its own unique
properties, benefits, and drawbacks. Masterbatches,”salt and pepper” blends, Liquid Color, and
precolored resins are four of the most common coloring techniques. To learn more, check out
our recent article on how plastic resins get their color.

6. Complex Part Design

Injection molding can handle extremely complex parts, and uniformity, as well as the ability to
make millions of virtually identical parts. To optimize the effectiveness of high-volume injection
molding and maximize the precision and quality of your parts, key design elements should be
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taken into account. The part design must be developed to maximize the efficiency inherent in
high-volume molding. With the right design, parts can be made consistently and with

quality. Without a good design, costly processing mistakes can be made.

Around the industry, most molding professionals agree that there are fundamental design
elements that must occur during the injection process to work correctly. They include wall
thickness, rib design, boss design, corner transitions and weld lines and gate placement, and
properly placed vents. You can learn more about all of these elements here.

7) A smooth finished appearance.

Plastic injection molding is a process, for the most part, where produced parts need little to no
end finishing. That's because all parts that come out of the mold are about the closest thing to
a finished appearance. Yes, the surface finish is really that good right out of the mold! Getting
back to benefit No. 3 on this list, here’s another an example of how injection molding creates
low labor costs.

8) Cheaper than plastic machining, long-term.

The initial creation of a mold can be expensive, with the cost being a few thousand dollars. But
once the mold is created you can create a very large volume of plastic components at a minimal
cost. For this reason, large production runs using plastic machining can cost up to 25 times
more than plastic injection molding.

https://www.vowin.cn/en/Mold/Plastic_Mold/?gclid=EAlalQobChMIpPKCkIfk7wIVBbDtCh1e6AIOEAMYASAAEgI_d
_D_BwE

Our Flexible Hose is produced with deep pitch stainless steel corrugated tube and high tensile wire braid,
Each end is TIG welded by stainless steel ferrules and clamped the wire braid by high pressure clamping
machine.

A stopper can also be designed on each connection end, providing a more positive seal and low leak
rate. All Flexible Hoses are tested twice by Helium and hydraulic leak test machine.

OEM designed Flexible Hose is also available. Max working pressure is from 44.8 bar to 13 bar, working
temperature is from -40°C to +120°C . UL and CE certified.
Introduction for Flexible Hose with Elbow, Bending, Flare nut

Flexible Hoses are installed in the suction and discharge lines of Air conditioning and Refrigeration
system to eliminate vibration and noise which compressor generates, and for reducing stress linked with
piping thermal expansion in AC&R.

Each Flexible Hose is 100% pressure tested by helium leak detector and hydraulic leak tester. All units
are carefully cleaned, dehydrated and sealed in film and packed into individual box after final inspection.

Flexible Hoses are compatible with all kinds of refrigerants and lubricants.
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* Deep pitch stainless steel corrugated tube and high tensile wire braid, Each end is TIG welded by
stainless steel ferrules and clamped the wire braid by high pressure clamping machine.
* A stopper can also be designed on each connection end, providing a more positive seal and low leak

rate.

* All Flexible Hoses are tested twice by Helium and hydraulic leak test machine.
* OEM designed Flexible Hose is also available.
* Max working pressure is from 44.8 bar to 13 bar, working temperature is from -40°C to +120°C .
* UL and CE certified.

Specifications

Grooved ferrule

Cormugated tube =

Brazedjoint

_ Crimped joint

- Wire braid

UL
MWP | Max. working Temperature | Min. working Temperature [ rated burst

Model . o o
barg(psig) C C pressure
barg (pisg)

HES-

014 44 .8 (650) +120 -40 | 224.0 (3250)
Hgsss 44 .8 (650) +120 -40 | 224.0 (3250)
H(I;SZ 44 .8 (650) +120 -40 | 224.0 (3250)
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IS 44.8(650) +120 40| 224.0 (3250)
oan | 44.8(650) +120 40| 224.0 (3250)
A= 448 (650) +120 40| 224.0 (3250)
H1E1Sé 41.3 (600) +120 40| 206.8 (3000)
Moor|  37.9(550) +120 40| 189.6 (2750)
M| 354 (510) +120 40| 17538 (2550)
ISl 275 (400) +120 40| 137.8 (2000)
Moo | 24.1(350) +120 40| 1206 (1750)
MEo | 22.0(320) +120 40| 110.3 (1600)
M| 13.0(190) +120 40| 393 (570)
ME | 13.0(190) +120 40| 39.3 (570)

Product details
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Sources for additional information
ACI Committee 224, 1993, “Causes, Evaluation, and Repairs of Cracks in Concrete Structures
(224.1R-93),” American Concrete Institute, Farmington Hills, Mich., 22 pp.
ACI Committee 364, 1994, “Guide for Evaluation of Concrete Structures Prior to Rehabilitation
(364.1R-94),” American Concrete Institute, Farmington Hills, Mich., 22 pp.
ACI Committee 503, 1998, “Use of Epoxy Compounds with Concrete (ACI 503R-93
(Reapproved 1998)),” American Concrete Institute, Farmington Hills, Mich., 28 pp.
ACI Committee 546, 1988, “Guide for Repair of Concrete Bridge Structures (546.1R-80
(Reapproved 1988)),” American Concrete Institute, Farmington Hills, Mich., 20 pp.
ACI Committee 546, 1996, “Concrete Repair Guide (546R-96),” American Concrete Institute,
Farmington Hills,
Mich., 41 pp.
ASTM C 881-90, 1990, “Standard Specification for Epoxy-Resin Based Bonding Systems for
Concrete,”
ASTM International, West Conshohocken, Pa., 5 pp. Emmons, P. H., 1994, Concrete Repair and
Maintenance Illustrated, R. S. Means Co., Inc., Kingston, Mass., 300 pp.
“Guide for Verifying Performance of Epoxy Injection of Concrete Cracks,” 1998, ICRI
Technical Guideline No. 03734.
Murray, M. A., 1987, “Epoxy Injection Welds Cracks Back Together,” Concrete Repair, V. 3.
Promboon; Y.; Olsen, L. D.; and Lund, J., 2002, “Nondestructive Evaluation (NDE) Methods for
Quality Assurance,” ICRI Bulletin, V. 15, No. 1, Jan.-Feb., pp. 12-16.
“State-of-the-Art Adhesives for Concrete Construction,” 1998, Construction Canada Magazine,
May-June.
Trout, J. F., 1998, Epoxy Injection in Construction, The Aberdeen Group, 80 pp.
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ACI Committee 364, 1994, “Guide for Evaluation of Concrete Structures Prior to Rehabilitation
(364.1R-94),” American Concrete Institute, Farmington Hills, Mich., 22 pp.
ACI Committee 503, 1998, “Use of Epoxy Compounds with Concrete (ACI 503R-93
(Reapproved 1998)),” American Concrete Institute, Farmington Hills, Mich., 28 pp.
ACI Committee 546, 1988, “Guide for Repair of Concrete Bridge Structures (546.1R-80
(Reapproved 1988)),” American Concrete Institute, Farmington Hills, Mich., 20 pp.
ACI Committee 546, 1996, “Concrete Repair Guide (546R-96),” American Concrete Institute,
Farmington Hills,
Mich., 41 pp.
ASTM C 881-90, 1990, “Standard Specification for Epoxy-Resin Based Bonding Systems for
Concrete,”
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Maintenance Illustrated, R. S. Means Co., Inc., Kingston, Mass., 300 pp.
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Murray, M. A., 1987, “Epoxy Injection Welds Cracks Back Together,” Concrete Repair, V. 3.
Promboon; Y.; Olsen, L. D.; and Lund, J., 2002, “Nondestructive Evaluation (NDE) Methods for
Quality Assurance,” ICRI Bulletin, V. 15, No. 1, Jan.-Feb., pp. 12-16.
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Plastic shrinkage concrete cracks. ...

Expansion concrete cracks.

Heaving concrete cracks.

Settling concrete cracks. ...

Concrete cracks caused by overloading the slab. ...
Concrete cracks caused by premature drying.

Stitching
Muting and sealing
Resin injection
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o Dry packing

o Polymer impregnation

e Vacuum impregnation

o Autogenous healing

o Flexible sealing

e Drilling and plugging

« Bandaging
Stitching of Concrete
In this technique, the crack is bridged with U-shaped metal units called stitching dogs
before being repaired with a rigid resin material. A non- shrink grout or an epoxy resin
based adhesive should be used to anchor the legs of the dogs. Stitching is suitable when
tensile strength must be re-established across major cracks. Stitching dogs should be of
variable length and orientation.
Benefits Of Cracked Stitching

1. Quick, simple, effective and permanent.

2. The grout combination provides an excellent bond within the substrate.

3. Masonry remains flexible enough to accommodate natural building movement.

4. Non-disruptive structural stabilization with no additional stress

Muting And Sealing
This is the simplest and most common method of crack repair. It can be executed with
relatively unskilled labor and can be used to seal both fine pattern cracks and larger
isolated cracks. This involves enlarging the crack along its exposed face and sealing it with
crack fillers. Care should be taken to ensure that the entire crack is routed and sealed.
Resin Injection
Epoxy resins are usually selected for crack injection because of their high mechanical
strength  and resistance to most chemical environments encountered
by concrete. Epoxies are rigid and not suitable for active cracks. This method is used to
restore the structural soundness of members where cracks are dormant or can be
prevented from further movements.
Underpinning
Underpinning is the process of strengthening and stabilizing the foundation of an existing
building or other structure. Foundation underpinning is a means of transferring loads to
deeper soils or bedrock.
Pit Underpinning

1. To obtain additional foundation capacity

2. To modify the existing foundation system

3. To create new foundations through which the existing load may be wholly or

partially transferred into deeper soil
4. To arrest the excessive settlement
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5. To improve the future performance of the existing foundations
When Is Underpinning Required?
o Construction of a new project with deeper foundation adjacent to an existing
building.
o Change in the use of structure
o The properties of the soil supporting the foundation may have changed or was
mischaracterized during planning.
e To support a structure which is sinking or tilting due to ground subsidence or
instability of the super structure
Methods Used For Underpinning
e Pit Underpinning
e Push Piers System
o Helical Pier System
e Pile Underpinning
o Other Methods
o Chemical Grouting
e Micro fine Grouting
e Micro piles
Fire Damage Repairs
o Timber structures may be repaired with new timbers or composites of steel and
timber members.
o Steel structures are normally repaired with steel.
e Both concrete and masonry structural elements are frequently repaired with fiber
reinforced polymers (FRP).
o Concrete structures are occasionally repaired with shortcrete
Types of Cracks in Fresh and Hardened Concrete
Cracking of in Fresh or Plastic Concrete
1. Plastic shrinkage Cracks
Plastic shrinkage cracking (Fig.1) occurs when subjected to a very rapid loss of moisture caused
by a combination of factors which include air and concrete temperatures, relative humidity, and
wind velocity at the surface of the concrete. These factors can combine to cause high rates of
surface evaporation in either hot or cold weather.” When moisture evaporates from the surface of
freshly placed concrete faster than it is replaced by bleed water, the surface concrete shrinks. Since
plastic shrinkage cracking is due to a differential volume change in the plastic concrete, successful
control measures require a reduction in the relative volume change between the surface and other
portions of the concrete. These measures include the use of fog nozzles to saturate the air above
the surface and the use of plastic sheeting to cover the surface between finishing operations.
Fig.1: Typical Plastic Shrinkage Cracks in Concrete
2. Settlement Cracks in Concrete
After initial placement, vibration, and finishing, concrete has a tendency to continue to consolidate.
During this period, the plastic concrete may be locally restrained by reinforcing steel, a prior
concrete placement, or formwork. This local restraint may result in voids and/or cracks adjacent
to the restraining element (Fig.2).
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When associated with reinforcing steel, settlement cracking increases with increasing bar size,
increasing slump, and decreasing cover (Dakhil et al. 1975). The use of the lowest possible slump,
and an increase in concrete cover will reduce settlement cracking.

Fig.2: Settlement Cracks in Concrete

Cracks in Hardened Concrete

1. Drying Shrinkage Cracks

Common cause of cracking in concrete is restrained drying shrinkage. Drying shrinkage is caused
by the loss of moisture from the cement paste constituent, which can shrink by as much as 1
percent. Fortunately, aggregate provides internal restraint that reduces the magnitude of this
volume change to about 0.06 percent. On wetting, concrete tends to expand. These moisture-
induced volume changes are a characteristic of concrete. If the shrinkage of concrete could take
place without restraint, the concrete would not crack. The higher the water content, the greater the
amount of drying shrinkage (U.S. Bureau of Reclamation 1975). Drying shrinkage can be reduced
by increasing the amount of aggregate and reducing the water content.

2. Cracks due to Thermal Stresses

Temperature differences within a concrete structure may be caused by portions of the structure
losing heat of hydration at different rates or by the weather conditions cooling or heating one
portion of the structure to a different degree or at a different rate than another portion of the
structure. These temperature differences result in differential volume changes. When the tensile
stresses due to the differential volume changes exceed the tensile stress capacity, concrete will
crack. Cracking in mass concrete can result from a greater temperature on the interior than on the
exterior. Procedures to help reduce thermally-induced cracking include reducing the maximum
internal temperature, delaying the onset of cooling, controlling the rate at which the concrete cools,
and increasing the tensile strength of the concrete.

3. Cracks due to Chemical Reaction

Deleterious chemical reactions may cause cracking of concrete. These reactions may be due to
materials used to make the concrete or materials that come into contact with the concrete after it
has hardened. Some general concepts for reducing adverse chemical reactions are presented here,
but only pretesting of the mixture or extended field experience will determine the effectiveness of
a specific measure. Concrete may crack with time as the result of slowly developing expansive
reactions between aggregate containing active silica and alkalies derived from cement hydration,
admixtures, or external sources (e.g., curing water, ground water, alkaline solutions stored or used
in the finished structure). The alkali-silica reaction results in the formation ofa swelling gel, which
tends to draw water from other portions of the concrete. This causes local expansion and
accompanying tensile stresses, and may eventually result in the complete deterioration of the
structure.

4. Weathering Cracks

The weathering processes that can cause cracking include freezing and thawing, wetting, drying,
heating and cooling. Cracking of concrete due to natural weathering is usually conspicuous, and it
may give the impression that the concrete is on the verge of disintegration, even though the
deterioration may not have progressed much below the surface. Damage from freezing and
thawing is the most common weather-related physical deterioration. Concrete is best protected
against freezing and thawing through the use of the lowest practical water cement ratio and total
water content, durable aggregate and adequate air entrainment. Adequate curing prior to exposure
to freezing conditions is also important. Allowing the structure to dry after curing will enhance its
freezing and thawing durability. Other weathering processes that may cause cracking in concrete
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are alternate wetting and drying, and heating and cooling. Both processes produce volume changes
that may cause cracking. If the volume changes are excessive, cracks may occur.

5. Corrosion of Reinforcement

Corrosion of a metal is an electrochemical process that requires an oxidizing agent, moisture, and
electron flow within the metal; a series of chemical reactions takes place on and adjacent to the
surface of the metal (ACI201.2R). The key to protecting metal from corrosion is to stop or reverse
the chemical reactions. This may be done by cutting off the supplies of oxygen or moisture or by
supplying excess electrons at the anodes to prevent the formation of the metal ions (cathodic
protection). Reinforcing steel usually does not corrode in concrete because a tightly adhering
protective oxide coating forms in the highly alkaline environment. This is known as passive
protection. Reinforcing steel may corrode, however, if the alkalinity of the concrete is reduced
through carbonation or if the passivity of this steel is destroyed by aggressive ions (usually
chlorides). Corrosion of the steel produces iron oxides and hydroxides, which have a volume much
greater than the volume of the original metallic iron (Verbeck 1975). This increase in volume
causes high radial bursting stresses around reinforcing bars and results in local radial cracks. These
splitting cracks can propagate along the bar, resulting in the formation of longitudinal cracks (i.e.,
parallel to the bar) or spalling of the concrete. A broad crack may also form at a plane of bars
parallel to a concrete surface, resulting in delamination, a well-known problem in bridge decks.
Cracks provide easy access for oxygen, moisture, and chlorides, and thus, minor splitting cracks
can create a condition in which corrosion and cracking are accelerated. Cracks transverse to
reinforcement usually do not cause continuing corrosion of the reinforcement if the concrete has
low permeability. This is due to the fact that the exposed portion of a bar at a crack acts as an
anode. At early ages, the wider the crack, the greater the corrosion, simply because a greater
portion of the bar has lost its passive protection. However, for continued corrosion to occur, oxygen
and moisture must be supplied to other portions of the same bar or bars that are electrically
connected by direct contact or through hardware such as chair supports. If the combination of
density and cover thickness is adequate to restrict the flow of oxygen and moisture, then the
corrosion process is self sealing (Verbeck 1975). Corrosion can continue if a longitudinal crack
forms parallel to the reinforcement, because passivity is lost at many locations, and oxygen and
moisture are readily available along the full length of the crack. Other causes of longitudinal
cracking, such as high bond stresses, transverse tension (for example, along stirrups or along slabs
with two-way tension), shrinkage, and settlement, can initiate corrosion. For general concrete
construction, the best protection against corrosion-induced splitting is the use of concrete with low
permeability and adequate cover. Increased concrete cover over the reinforcing is effective in
delaying the corrosion process and also in resisting the splitting and spalling caused by corrosion
or transverse tension (Gergely 1981; Beeby 1983). In the case of large bars and thick covers, it
may be necessary to add small transverse reinforcement (while maintaining the minimum cover
requirements) to limit splitting and to reduce the surface crack width (ACI 345R). In very severe
exposure conditions, additional protective measures may be required A number of options are
available, such as coated reinforcement, sealers or overlays on the concrete, corrosion-inhibiting
admixtures, and cathodic protection (NCHRP Synthesis 57). Any procedure that effectively
prevents access of oxygen and moisture to the steel surface or reverses the electron flow at the
anode will protect the steel. In most cases, concrete must be allowed to breathe, that is any concrete
surface treatment must allow water to evaporate from the concrete.
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6. Poor Construction Practices

A wide variety of poor construction practices can result in cracking in concrete structures.
Foremost among these is the common practice of adding water to concrete to improve workability.
Added water has the effect of reducing strength, increasing settlement, and increasing drying
shrinkage. When accompanied by a higher cement content to help offset the decrease in strength,
an increase in water content will also mean an increase in the temperature differential between the
interior and exterior portions of the structure, resulting in increased thermal stresses and possible
cracking. By adding cement, even if the water-cement ratio remains constant, more shrinkage will
occur since the relative paste volume is increased. Lack of curing will increase the degree of
cracking within a concrete structure. The early termination of curing will allow for increased
shrinkage at a time when the concrete has low strength. The lack of hydration of the cement, due
to drying, will result not only in decreased long-term strength, but also in the reduced durability
of the structure. Other construction problems that may cause cracking are inadequate formwork
supports, inadequate consolidation and placement of construction joints at points of high stress.
Lack of support for forms or inadequate consolidation can result in settlement and cracking of the
concrete before it has developed sufficient strength to support its own weight, while the improper
location of construction joints can result in the joints opening at these points of high
stress. Methods to prevent cracking due to these and other poor construction procedures are
well known (see ACI 224R, ACI302.1R, ACI304R, ACI305R, ACI 308, ACI309R, ACI 345R,
and ACI 347R), but require special attention during construction to insure their proper execution.
7. Construction Overloads

Loads induced during construction can often be far more severe than those experienced in service.
Unfortunately, these conditions may occur at early ages when the concrete is most susceptible to
damage and they often result in permanent cracks. Precast members, such as beams and panels,
are most frequently subject to this abuse, but cast-in-place concrete can also be affected. A
common error occurs when precast members are not properly supported during transport and
erection. The use of arbitrary or convenient lifting points may cause severe damage. Lifting eyes,
pins, and other attachments should be detailed or approved by the designer. When lifting pins are
impractical, access to the bottom of a member must be provided so that a strap may be used.
The PCI Committee on Quality Control Performance Criteria (1985, 1987) provides
additional information on the causes, prevention and repair of cracking related to fabrication and
shipment of precast or prestressed beams, columns, hollow core slabs and double tees. Operators
of lifting devices must exercise caution and be aware that damage may be caused even when the
proper lifting accessories are used. A large beam or panel lowered too fast, and stopped suddenly,
results in an impact load that may be several times the dead weight of the member. Another
common construction error that should be avoided is prying up one corner of a panel to lift it off
its bed or “break it loose.” When considering the support of a member for shipment, the designer
must be aware of loads that may be induced during transportation. Some examples that occur
during shipment of large precast members via tractor and trailer are jumping curbs or tight highway
corners, torsion due to differing roadway superelevations between the trailer and the tractor, and
differential acceleration of the trailer and the tractor. Pretensioned beams can present unique
cracking problems at the time of stress release-usually when the beams are less than one day old.
Multiple strands must be detensioned following a specific pattern, so as not to place unacceptable
eccentric loads on the member. If all of the strands on one side of the beam are released while the
strands on the other side are still stressed, cracking may occur on the side with the unreleased
strands. These cracks are undesirable, but should close with the release of the balance of the
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strands. In the case of'a T-beam with a heavily reinforced flange and a highly prestressed thin web,
cracks may develop at the web-flange junction. Another practice that can result in cracks near
beam ends is tack welding embedded bearing plates to the casting bed to hold them in place during
concrete placement. The tack welds are broken only after enough prestress is induced during stress
transfer to break them. Until then, the bottom of the beam is restrained while the rest of the beam
is compressed. Cracks will form near the bearing plates if the welds are too strong. Thermal shock
can cause cracking of steam-cured concrete if it is treated improperly. The maximum rate of
cooling frequently used is 70 F (40 C) per hour (ACI 517.2R; Verbeck 1958; Shideler and Toennies
1963; Kirkbride 1971b). hen brittle aggregate is used and the strain capacity is low, the rate of
cooling should be decreased. Even following this practice, thermally induced cracking often
occurs. Temperature restrictions should apply to the entire beam, not just locations where
temperatures are monitored. If the protective tarps used to contain the heat are pulled back for
access to the beam ends when cutting the strands, and ifthe ambient temperatures are low, thermal
shock may occur. Temperature recorders are seldom located in these critical areas. Similar
conditions and cracking potential exist with precast blocks, curbs, and window panels when a rapid
surface temperature drop occurs. It is believed by many (ACI 517.2R; Mansfield 1948; Nurse
1949; Higginson 1961; Jastnebski 1961; Butt et al. 1969; Kirkbride 1971a; Concrete Institute of
Australia 1972; PCI Energy Committee 1981) that rapid cooling may cause cracking only in the
surface layers of very thick units and that rapid cooling is not detrimental to the strength or
durability of standard precast products (PCI Energy Committee 1981). One exception is transverse
cracking observed in pretensioned beams subjected to cooling prior to detensioning. For this
reason, pretensioned members should be detensioned immediately after the steam-curing has been
discontinued (PCI Energy Committee 1981). Cast-in-place concrete can be unknowingly subjected
to construction loads in cold climates when heaters are used to provide an elevated working
temperature within a structure. Typically, tarps are used to cover windows and door openings, and
high volume heaters are operated inside the enclosed area. If the heaters are located near exterior
concrete members, especially thin walls, an unacceptably high thermal gradient can result within
the members. The interior of the wall will expand in relation to the exterior. Heaters should be kept
away from the exterior walls to minimize this effect. Good practice also requires that this be done
to avoid localized drying shrinkage and carbonation cracking. Storage of materials and the
operation of equipment can easily result in loading conditions during construction far more severe
than any load for which the structure was designed. Tight control must be maintained to avoid
overloading conditions. Damage from unintentional construction overloads can be prevented only
if designers provide information on load limitations for the structure and if construction personnel
heed these limitations.

8. Errors in Design and Detailing

The effects of improper design and/or detailing range from poor appearance to lack of
serviceability to catastrophic failure. These problems can be minimized only by a thorough
understanding of structural behavior (meant here in the broadest sense). Errors in design and
detailing that may result in unacceptable cracking include use of poorly detailed reentrant cormners
in walls, precast members and slabs, improper selection and/or detailing of reinforcement, restraint
of members subjected to volume changes caused by variations in temperature and moisture, lack
of adequate contraction joints, and improper design of foundations, resulting in differential
movement within the structure. Examples of these problems are presented by Kaminetzky (1981)
and Price (1982). Reentrant comers provided a location for the concentration of stress and,
therefore, are prime locations for the initiation of cracks. Whether the high stresses result from
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volume changes, in-plane loads, or bending, the designer must recognize that stresses are always
high at reentrant comers. Well-known examples are window and door openings in concrete walls
and dapped end beams, as shown in Fig. 4 and 5. Additional properly anchored diagonal
reinforcement is required to keep the inevitable cracks narrow and prevent them from propagating.
The use of an inadequate amount of reinforcing may result in excessive cracking. A typical mistake
is to lightly reinforce a member because it is a “non structural member.” However, the member
(such as a wall) may be tied to the rest of the structure in such a manner that it is required to carry
a major portion of the load once the structure begins to deform. The “non structural element”’then
begins to carry loads in proportion to its stiffness. Since this member is not detailed to act
structurally, unsightly cracking may result even though the safety ofthe structure is not in question.
The restraint of members subjected to volume changes results frequently in cracks. Stresses that
can occur in concrete due to restrained creep, temperature differential, and drying shrinkage can
be many times the stresses that occur due to loading. A slab, wall, or a beam restrained against
shortening, even if prestressed, can easily develop tensile stresses sufficient to cause cracking.
Properly designed walls should have contraction joints spaced from one to three times the wall
height. Beams should be allowed to move. Cast-in-place post-tensioned construction that does not
permit shortening of the prestressed member is susceptible to cracking in both the member and the
supporting structure (Libby 1977). The problem with restraint of structural members is especially
serious in pretensioned and precast members that may be welded to the supports at both ends.
When combined with other problem details (such as reentrant comers), results may be catastrophic
(Kaminetzky 1981; Mast 1981). Improper foundation design may result in excessive differential
movement within a structure. If the differential movement is relatively small, the cracking
problems may be only visual in nature. However, if there is a major differential settlement, the
structure may not be able to redistribute the loads rapidly enough, and a failure may occur. One of
the advantages of reinforced concrete is that, if the movement takes place over a long enough
period of time, creep will allow at least some load redistribution to take place. The importance of
proper design and detailing will depend on the particular structure and loading involved. Special
care must be taken in the design and detailing of structures in which cracking may cause a major
serviceability problem. These structures also require continuous inspection during all phases of
construction to supplement the careful design and detailing.

Fig.4: Concrete Cracks at Restraint Corners

Fig.5: Crack Patterns at Dapped End Beams

9. Externally Applied Loads

It is well known that load-induced tensile stresses result in cracks in concrete members. This point
is readily acknowledged and accepted in concrete design. Current design procedures (ACI 318 and
AASHTO) Standard Specifications for Highway Bridges) use reinforcing steel, not only to carry
the tensile forces, but to obtain both an adequate distribution of cracks and a reasonable limit on
crack width. Current knowledge of flexural members provides the basis for the following general
conclusions about the variables that control cracking: Crack width increases with increasing steel
stress, cover thickness and area of concrete surrounding each reinforcing bar. Of these, steel stress
is the most important variable. The bar diameter is not a major consideration. The width of a
bottom crack increases with an increasing strain gradient between the steel and the tension face of
the beam. The equation considered to best predict the most probable maximum surface crack width
in bending was developed by Gergely and Lutz (1968). A simplified version of this equation

is: A modification of this equation is used in ACI 318, which
effectively limits crack widths to 0.016 in. (0.41 mm) for interior exposure and 0.013 in. (0.33
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mm) for exterior exposure. However, there is little correlation between surface crack width for
cracks transverse to bars and the corrosion of reinforcing, these limits do not appear to be justified
on the basis of corrosion control. There have been a number of equations developed for prestressed
concrete members (ACI 224R), but no single method has achieved general acceptance. The
maximum crack width in tension members is larger than that predicted by the expression for
flexural members (Broms 1965; Broms and Lutz 1965). Absence of a strain gradient and
compression zone in tension members is the probable reason for the larger crack widths. On the
basis of limited data, the following expression has been suggested to estimate the maximum crack
width in direct tension (ACI 224R): w=0.10 fs (dc A)0.33 x 10-3 (2) Additional information on
cracking of concrete in direct tension is provided in ACI 224.2R. Flexural and tensile crack widths
can be expected to increase with time for members subjected to either sustained or repetitive
loading. Although a large degree of scatter is evident in the available data, a doubling of crack
width with time can be expected (Abeles et al. 1968; Bennett and Dave 1969; Illston and Stevens
1972; Holmberg 1973; Rehm and Eligehausen 1977). Although work remains to be done, the basic
principles of crack control for load-induced cracks are well understood. Well-distributed
reinforcing offers the best protection against undesirable cracking. Reduced steel stress, obtained
through the use of'a larger amount of steel, will also reduce the amount of cracking. While reduced
cover will reduce the surface crack width, designers must keep in mind that cracks (and therefore,
crack widths) perpendicular to reinforcing steel do not have a major effect on the corrosion of the
steel, while a reduction in cover will be detrimental to the corrosion protection of the reinforcing.



