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pictures of samples before and after testing, and any 
unusual occurrences observed. - Name of laboratory 
and technician performing the tests. - Nozzle 
operator's experience and training. If more than one 
nozzle operator is used, each operator shall perform a 
set of test panels for each mix design proposed. Only 
nozzlemen with a test panel mean core grade less 
than or equal to 2.5 (as determined from the 
requirements given in ACI 506.2) will be allowed to 
place shotcrete. The Engineer will inform the 
Contractor of the approval of the mix design and 
proposed placement equipment and procedures after 
an evaluation of the submittal that is made to the 
Materials and Tests Engineer. (f) WEATHER. The 
placement of the shotcrete shall be stopped if: - the 
wind is detrimental to the placement of the shotcrete; -
when the air temperature is below 40 °F or above 90 
°F; -raining or lightning. (g) TIME LIMIT FOR 
PLACING SHOTCRETE. The placement of dry-mix 
shotcrete shall begin within 45 minutes of the 
beginning of the mix production. A new batch of 
shotcrete shall be produced if placement does not 
begin within 45 minutes or if placement is not 
continuous. The placement of wet-mix shotcrete shall 
begin within 60 minutes after batching. A new batch of 
shotcrete shall be produced if placement does not 
begin within 45 minutes or if placement is not 
continuous. (h) THICKNESS OF LAYERS AND TIME 
BETWEEN PLACEMENTS OF LAYERS. Shotcrete 
shall be placed in one continuous lift thickness up to a 
maximum lift thickness of 6 inches. For shotcrete layer 
thicknesses greater than 6 inches, shotcrete shall be 
placed in lift thicknesses equal to one half the required 
thickness but no more than 6 inches per lift. If more 
than one lift is required there shall be a delay of time 
between the placement of each lift. The delay shall be 
until the initial set of the shotcrete. The initial set shall 
be defined as the point in time when the shotcrete has 
reached a compressive strength of 500 psi. The 
determination of initial set will be done by the Engineer 
using a penetrometer in accordance with the 
requirements given in MSHTO T 197, "Time of 
Setting of Concrete Mixtures by Penetration 
Resistance". The Contractor shall furnish a 
penetrometer that is determined by the Engineer to be 
adequate for measuring the compressive strength. 
The Engineer shall have exclusive possession and 
use of the penetrometer beginning at least 5 calendar 
days before the start of shotcrete placement. The 
penetrometer will be returned to the Contractor when 
shotcrete placement is completed. At the point in time 
when the initial set is achieved, the surface shall be 
lightly broomed to remove laitance to provide an 
adequate bond with the next application of shotcrete. 
The Engineer will also determine when the shotcrete 
has taken a final set and remedial actions shall be 
taken by the Contractor to insure a bonding of 
subsequent layers of shotcrete. (i) CONSTRUCTION 
JOINTS. Boards or other solid materials shall be 
installed to provide the construction joints. The solid 
joint materials shall be removed and the joints shall be 
thoroughly cleaned before additional shotcrete is 
placed at the joint. U) CURING. Two methods will be 











CALTRANS REVISIONS TO 201 STANDARD SPECIFICATIONS:  See below revisions to 
CALTRANS 201 Standard Specifications found here: 
http://www.dot.ca.gov/hq/esc/oe/construction_standards.html 

 

Add to section 51-1.01C(1): 
If the methacrylate crack treatment is performed within 100 feet of a residence, business, or public space, 
submit a public safety plan that includes the following: 

1. Public notification letter with a list of delivery and posting addresses. The letter must describe the 
work to be performed and state the treatment work locations, dates, and times. Deliver the letter to 
residences and businesses within 100 feet of overlay work and to local fire and police officials not 
less than 7 days before starting overlay activities. Post the letter at the job site. 

2. Airborne emissions monitoring plan. A CIH certified in comprehensive practice by the American Board 
of Industrial Hygiene must prepare and execute the plan. The plan must have at least 4 monitoring 
points including the mixing point, application point, and point of nearest public contact. Monitor 
airborne emissions during overlay activities. 

3. Action plan for protecting the public if levels of airborne emissions exceed permissible levels. 
4. Copy of the CIH's certification. 
 
After completing methacrylate crack treatment activities, submit results from monitoring production 
airborne emissions as an informational submittal. 

 

Replace the 2nd paragraph of section 51-1.01C(1) with: 
Submit a deck placement plan for concrete bridge decks. Include in the placement plan your method and 
equipment for ensuring that the concrete bridge deck is kept damp by misting immediately after finishing 
the concrete surface. 

___________________________________________________________________________________ 

 
Add to section 51-1.02B: 

For the portions of structures shown in the following table, concrete must contain at least 675 pounds of 
cementitious material per cubic yard: 

Bridge name and no. Portion of structure 
  
  

 

For the portions of structures shown in the following table, concrete must contain at least 675 pounds of 
cementitious material per cubic yard and have air entrainment of __ ± 1.5 percent: 

Bridge name and no. Portion of structure 
 All except footings and piles 
 All except footings and piles 

 

Air entrainment must be __ ± 1.5 percent for concrete with a compressive strength greater than 4,500 psi. 

Use a water-reducing chemical admixture with air-entrained concrete. Chemical admixtures must not 
cause an increase in drying shrinkage exceeding the limits specified in ASTM C 494. Nominal penetration 
of concrete must be from ____ to ____ inches. 

Concrete in superstructures and barriers for the bridges shown in the table above must: 

1. Contain no more than 360 pounds of total water per cubic yard. Total water is the combined total of 
free water and water absorbed by aggregates in reaching a saturated surface-dry condition. 

2. Be prequalified under section 90-1.01D(5)(b). Include water absorbed by the aggregates and free 
water in the certified test data and trial batch test reports. You must (1) submit a certificate of 

http://www.dot.ca.gov/hq/esc/oe/construction_standards.html


compliance for the workability of concrete with the prequalification test reports or (2) demonstrate the 
workability of trial batches in the Engineer's presence. 

 
If authorized, you may use concrete from trial batches in structures at locations where concrete without a 
total water requirement is allowed. Concrete from trial batches used in structures at locations where air 
entrainment is not required must have air entrainment as specified for the trial batch instead of the 
requirements in section 90-1.02E(3). 

For concrete shown with a 28-day compressive strength greater than 3,600 psi: 

1. Concrete must contain at least 675 pounds of cementitious material per cubic yard 
2. Section 90-1.01D(5)(b) does not apply. 
 
Concrete used in the superstructure of ________ must have air entrainment. The air content after mixing 
and before placing must be 6.0 ± 1.5 percent. 

Aggregate for _________ must be the ____-inch combined aggregate grading complying with section 90-
1.02C(4)(d). 

Concrete for concrete bridge decks must contain polymer fibers. Each cubic yard of concrete must 
contain at least 1 pound of microfibers and at least 3 pounds of macrofibers. 

Concrete for concrete bridge decks must contain a shrinkage reducing chemical admixture. Each cubic 
yard of concrete must contain at least 3/4 gallon of a shrinkage reducing admixture. If you use the 
maximum dosage rate shown on the Authorized Material List for the shrinkage reducing admixture, your 
submitted shrinkage test data does not need to meet the shrinkage limitation specified. 
 
____________________________________________________________________________________ 

Replace the 2nd paragraph of section 51-1.03H with: 
Cure the top surface of bridge decks by (1) misting and (2) the water method using a curing medium 
under section 90-1.03B(2). After strike off, immediately and continuously mist the deck with an atomizing 
nozzle that forms a mist and not a spray. Continue misting until the curing medium has been placed and 
the application of water for the water method has started. At the end of the curing period, remove the 
curing medium and apply curing compound on the top surface of the bridge deck during the same work 
shift under section 90-1.03B(3). The curing compound must be curing compound no. 1. 

Delete the 4th paragraph of section 51-1.03H. 
____________________________________________________________________________________ 
 

Add to section 90-1.01C: 
90-1.01C(11)  Polymer Fibers 
Submit fiber manufacturer's product data and instructions for use. 

Submit a certificate of compliance for each shipment and type of fibers. 
____________________________________________________________________________________ 
 

Replace the row for bridge deck concrete in the table in the 1st paragraph of section 90-1.02A 
with: 

Bridge deck concrete 0.032 
____________________________________________________________________________________ 

Add to section 90-1.02: 
90-1.02K  Polymer Fibers 
Fibers must comply with ASTM D 7508. Microfibers must be from 1/2 to 2 inches long. Macrofibers must 
be from 1 to 2-1/2 inches long. 
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IN Ci
Working Knowledge

Concrete shrinkage is not a new 
problem. J.B. Johnson discussed 
it in A Treatise for Engineers on 

the Strength of Engineering Materials in 
1897. But shrinkage continues to be a 
timely topic. 

Low-shrinkage mixtures are used to 
minimize curling and thereby help 
meet the increasing demand for very 
flat and level industrial floors. As 
McKinney and Neuber report (p. 29), 
mixtures with very low paste fractions 
are common. Combined with highly 
efficient placing and finishing tech-
nologies, however, such mixtures may 
be contributing to isolated instances of 
surface distress. Solutions are proposed.

Low-shrinkage mixtures are also 
used to minimize cracking in bridge 
decks, with the ultimate goal of boosting 
service life. As Maggenti, Knapp, and 
Fereira (p. 36) report, California’s 
department of transportation, Caltrans, 
has successfully instituted specifications 
defining shrinkage limits. On the 
numerous projects cited, contractors 
have selected shrinkage reducing 
admixtures to help meet the performance 
requirements. Both the means and the 
end are notable.

Many of the factors affecting shrinkage 
are discussed further in documents 
produced by ACI committees (Concrete 
Q&A, p 64). Combined, these articles 
and documents demonstrate that 
multiple parameters must be considered 
toward minimizing shrinkage. No one 
party can control such complexity, so 
collaboration among the owner, engineer, 
supplier, and contractor is essential.
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Controlling  
Shrinkage Cracking  
Available technologies can provide nearly crack-free concrete bridge decks

by Ric Maggenti, Craig Knapp, and Sonny Fereira

It’s widely accepted that the durability of structures—
particularly concrete bridge decks—will be compromised 
by the presence of cracks. It’s also widely accepted that a 

major source of cracking is concrete shrinkage. Although 
research on concrete shrinkage started well over a century 
ago,1 our industry has yet to establish a standard and 
accepted practice for consistently, reliably, and predictably 
producing concrete structures with minimal or no cracking 
due to shrinkage stresses. We believe, however, that the 
industry is on the verge of establishing an accepted practice, 
coupling newly available tools with an understanding of 
how various factors impact shrinkage.

Shrinkage Cracking
Shrinkage cracking can have many causes, including: 

•• Restraint of autogenous and chemical shrinkage strains; 
•• Strain gradients induced after hardening by hydration 

heat and surface cooling (thermal strains); 
•• Strain gradients caused by loss of water to the environment 

while concrete is fresh (plastic shrinkage); and
•• Restraint of drying shrinkage after concrete has hardened 

(drying shrinkage). 
In bridge decks, autogenous, chemical, and thermal 

effects are generally minor. Also, it’s well-established that 
eliminating evaporation of water from the concrete during 
and immediately following placement will control and 
prevent plastic shrinkage. For these reasons, our article 
focuses solely on drying shrinkage. 

Drying Shrinkage Cracking
In his President’s Address at ACI’s 27th Convention in 

1931, Duff A. Abrams observed, “…we shall never have 
adequate basis for specifications, design, and construction 
in concrete and reinforced concrete until we develop a 
sound theory….[With] a complete theory of concrete we 
should be able to calculate in advance all properties…”2 
Much has been done toward developing sound theory on 
drying shrinkage, so we should be able to calculate shrinkage 
in advance and work to avoid the associated cracking.

In 1930, Davis summarized investigations, dating from 
the nineteenth century, on moisture and thermal volume 
changes in concrete.3 Of the 11 factors he identified as 
important, many were functions of testing methods, 
including sample size, durations of wetting and drying, and 
storage environment for the sample. Five of the 11 factors 
are most pertinent to modern-day concrete practice:
•• Composition and fineness of cement;
•• Proportions of cement and aggregate;
•• Type and gradation of aggregate;
•• Consistency of the mixture (well before today’s admixtures, 

this was a measure of water content); and
•• Amount and distribution of reinforcement.

More recent observations have provided detailed 
evaluations of parameters such as water and paste contents, 
characteristics of the aggregates, and admixtures.

Water and paste contents
As reported by Carlson,4 E.N. Vidal and D.O. Ehrenburg 

at the Denver Laboratory of the Bureau of Reclamation 
made an early observation that drying shrinkage could be 
correlated with water content, irrespective of aggregate 
source, aggregate gradation, cement content, water-cement 
ratio (w/c), or curing duration. Graphs of shrinkage versus 
water content have since been reprinted in editions of the 
Concrete Manual (at least as early as the sixth edition 
published in 19565) produced by the Bureau of Reclamation 
of the U.S. Department of the Interior (Fig. 1). 

Tests reported in 1963 by Tremper and Spellman6 of the 
California Division of Highways Transportation Laboratory 
verified Carlson’s work. In their tests, mixtures with 
consistent water content and cement contents ranging from 
496 to 754 lb/yd3 (five to eight sacks or 294 to 447 kg/m3) 
exhibited similar shrinkage. The same trend was also shown 
when comparing mortar containing 752 to 1053 lb/yd3 
(eight to 11 sacks or 446 to 625 kg/m3) of cement. “Slightly 
higher” shrinkage was reported only with mixtures with 
1270 lb/yd3 (13.5 sacks or 753 kg/m3) cement content. The 
authors also reported that curing beyond 3 days did not 
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reduce shrinkage—verifying Carlson’s findings.7 It’s 
important to keep in mind, however, that the slumps used 
in the studies reported in References 4 and 6 were limited 
by the contemporary placement capabilities and admixtures. 

The correlation of water content with drying shrinkage, 
almost exclusive of other factors, does not conflict with the 
maxim that concrete shrinkage originates in the paste. It 
also does not conflict with the observation that paste 
shrinkage is proportional to the water-cementitious 
material ratio (w/cm) (Fig. 2). 

For any given aggregate, slump is a characteristic of 
water content (excluding the use of admixtures), regardless 
of paste content. So, if slump is to be held constant, the 
water must also be held constant. An increase in cement 
content will thus decrease the w/c, paste shrinkage will 
decrease, and this will offset the increased concrete shrink-
age due to the increased paste content (Fig. 3). If more 
water is added to increase slump and more cementitious 
material is added to maintain constant w/cm, the increased 
paste content will increase the concrete shrinkage. 

Aggregates
Aggregates directly influence drying shrinkage by 

restraining shrinkage of the paste. This has been verified 
using concrete specimens with nonabsorbent rubber 
particles as aggregate having no or little restraint capacity 
(resulting in shrinkage equal to that of the neat cement).8 
Shrinkage will be a function of the aggregate’s stiffness (for 
a given aggregate size, concrete shrinkage will decrease with 
increasing aggregate modulus of elasticity) and drying 
shrinkage (concrete shrinkage will increase with increasing 
aggregate drying shrinkage). This is not new information. 
In 1938, for example, Carlson listed the following aggregate 
types in increasing order of influence on concrete shrinkage: 
quartz, limestone, granite, basalt, and sandstone.4,7 
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Fig. 1: Influence of water content on drying shrinkage of 
concrete mixtures with various cement contents5 (Note: 1 lb/yd3 
= 0.6 kg/m3, one sack = 94 lb = 43 kg) 

Fig. 2: Effect of w/cm on paste shrinkage (Source: Unpublished 
Caltrans data used in internal presentations)
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Fig. 3: A hypothetical example showing the counteracting 
effects of increased cement content with constant water content	
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The size, shape, and gradation of the aggregates in a 
mixture also indirectly influence shrinkage by affecting water 
content and volume of paste in the concrete. Maximizing 
the amount of aggregate per unit volume of concrete 
reduces the amount of paste, minimizing the drying 
shrinking component. Additionally, the aggregate shape 
affects the amount of water necessary to accomplish the 
required consistency. For any given w/c or w/cm, water 
demand clearly dictates the paste content. 

Contamination of aggregate particles with substances such 
as clay particles can affect water demand and thus increase 
drying shrinkage. Contamination can also affect the bond of 
the paste at the aggregate paste interface, directly influencing 
the aggregate’s ability to restrain paste movement. 

Setting limits 
There has long been evidence suggesting that a target 

28-day shrinkage value below 0.030% would significantly 
limit or eliminate early-age shrinkage cracking. It has also 
long been known, however, that it would be difficult to 
achieve a 28-day shrinkage value below 0.030% without 
transporting specific aggregates to areas where they are not 
readily available. An 8-year-long study of the Webber Creek 
Bridge on SR 50 east of Sacramento, CA,9 for example, 
evaluated concrete deck sections constructed on steel plate 
girders with 137 ft (42 m) simple spans. 

After 8 years in service, a deck section comprising Type II 
cement and quartz aggregate had very low amounts of 
cracking, with only 26 ft (8 m) of soffit cracking. None of 
these cracks exhibited signs of leakage. The 28-day shrinkage 
value for the mixture was 0.020% per ASTM C157/C157M, 
“Standard Test Method for Length Change of Hardened 
Hydraulic-Cement Mortar and Concrete.” In contrast, a 
similar section comprising a graywacke sandstone mixture 
exhibited 533 ft (162 m) of soffit cracking, with 18 leaking 
cracks. The 28-day shrinkage value for the mixture was 
0.050% per ASTM C157/C157M. 

In a March 1966 study,7 the California Producers 
Committee on Volume Change reported that only 5% of 
the concrete produced would have a 28-day shrinkage value 
less than 0.030%. It also reported that a 28-day shrinkage 
value of 0.020% was about the lowest attainable. Even when 
using good-quality, large aggregate and minimizing water 
content, low shrinkage values could be achieved only in the 
best of circumstances.  

Efficient means
Today, for a multitude of aggregates and mixture designs, 

shrinkage-reducing admixtures (SRAs) appear to be an 
economical and efficient means to achieve a 28-day shrinkage 
value below 0.030%. SRAs reduce capillary tension in the 
paste pore water, thereby decreasing shrinkage strains as 
paste dries. 

In 2002, prior to the segmental construction of the 
Skyway portion of the new east spans of the San Francisco-

Oakland Bay Bridge (SFOBB), San Jose State University 
began investigations of the influence of chemical admixtures 
on drying shrinkage in high-strength concrete. Testing was 
performed on over 40 concrete samples and over 80 paste 
samples, with some measurements continuing after 9 years.10 
Figure 4 summarizes data on 22 concrete mixtures from 
that investigation. All concrete had a w/cm of 0.33 and 
contained 631 lb/yd3 (374 kg/m3) of cementitious material 
(cement replacements of 20, 25, or 30% with fly ash and 
5% with silica fume or metakaolin). Figure 5 illustrates 
results for paste consisting of portland cement with w/c of 
0.33 and varying SRA dosages. The effect of SRA on 
shrinkage is apparent. To show the difference in magnitude 
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Fig. 4: Concrete shrinkage over time for mixtures with and 
without SRAs. Data for the control mixture (no SRA) are the 
averages of four batches. Data for the 0.5% SRA dosage are the 
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data used in internal presentations)

Fig. 5: Effect of SRA dosage on cement paste only, compared 
with a typical Caltrans high-performance concrete deck 
mixture (Source: Unpublished Caltrans data used in internal presentations) 
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of paste versus concrete, Fig. 5 includes data for a concrete 
mixture meeting the California Department of Transportation 
(Caltrans) bridge deck specification (w/cm of 0.34 and 
675 lb/yd3 [400 kg/m3] of cementitious materials with 
cement replacements of 25% fly ash and 5% metakaolin).   

Given the numerous successful case studies provided by 
SRA suppliers, and given the positive experiences of 
Caltrans and other agencies,11,12 Caltrans has selected SRAs 
as a method of crack control in cast-in-place decks on 
precast girders. 

Demonstrating success
Between 2001 and 2003, six new bridges with cast-in-place 

decks on spliced precast bulb-T girders were constructed 
on I-80 near Truckee, CA. The mixtures had w/cm of 0.36, 
cementitious material contents of 752 lb/yd3 (446 kg/m3) 
with 25% fly ash cement replacement), and 6% air 
content. Curing was performed according to the Caltrans 
standard requirements. 

After the first few decks were constructed, multiple 
transverse cracks (on about 2 ft [0.6 m] centers) were visible. 
Beginning in late summer of 2002, deck mixtures were 
modified to include SRAs. As shown in Fig. 6, there was a 
dramatic reduction in cracking. The following construction 
season, the remaining structures were constructed using an 
SRA in the deck concrete. The decks constructed using 
SRAs have remained free of visible cracking.

Following this simple, yet effective, adjustment to the 
mixture design, specifications were written for the deck 
mixture for the Angeles Crest Bridge on SR 2 in Los 
Angeles County, in the mountains northeast of Los Angeles, 
CA. Specifications called for a 28-day strength of 5000 psi 
(34.5 MPa) and a 6% air content.

Construction was completed in 2008 using a deck 
mixture with 767 lb/yd3 (455 kg/m3) of cementitious 
material and SRA. This is a 208 ft (63 m) single-span bridge 
with the deck cast on six 8 ft (2.4 m) deep spliced precast/
prestressed bulb-T girders spaced on 6.5 ft (2 m) centers. 
Upon later inspection, the bridge maintenance engineer 
reported: “You appear to have been successful in mitigating 
the cracking, as the only cracks I could find were some 
hairline shrinkage cracks at the westerly end.” The same 
result has been achieved on several projects, including the 
2007 emergency replacement of the fire-destroyed bridge 
spans at the MacArthur Maze in Oakland, CA. This 
replacement was completed in a mere 26 days using a deck 
mixture comprising SRAs, 800 lb/yd3 (475 kg/m3) of 
cementitious material, water reducers, and a Type C 
accelerating admixture. The deck was cast on steel girders 
with headed studs for composite action. No cracking has 
yet been reported on this replacement deck span, while 
transverse cracks have been noted every few feet on all 
adjacent deck spans. The original spans used a six-sack 
(564 lb/yd3 [335 kg/m3]) mixture with 1.5 in. (38 mm) 
maximum nominal aggregate. These projects demonstrated 

that SRAs could eliminate the need to specify low-strength 
concrete, long curing times, a low w/cm, or large aggregates.   

“Deck-on-deck” rehabilitation of the Pit River Bridge on 
I-5 over Shasta Lake, CA, in 2007 permitted evaluation of 
several mixture designs, including combining SRA with 
fibers. Deck-on-deck construction is especially prone to 
cracking due to drying shrinkage stresses. Relying upon our 
earlier experience of using SRAs to reduce early-age deck 
cracking and several previous successful applications of 
synthetic polyolefin macrofibers to restrain plastic and 
drying shrinkage cracking, the two technologies were 
combined for a “crackless” concrete deck (771 lb/yd3  
[8.2 sacks or 457 kg/m3] of cement, 6% air, w/c of 0.51, 
SRA at 0.75 to 1.5 gal./yd3 [3.7 to 7.4 L/m3], and fibers at  
3 lb/yd3 [1.8 kg/m3]). After 5 years of service, sections of the 
deck comprising both SRA and fibers exhibited very 
limited cracking. Cores taken at cracked locations indicated 
that cracks were very thin and most were arrested near the 
surface. Two cores extracted at full-depth (4 in. [102 mm]) 
crack locations showed finelined cracks kept intact by the 

Fig. 6: Cast-in-place decks and spliced precast bulb-T girders 
on I-80 near Truckee, CA: (a) deck constructed without SRA; and 
(b) deck constructed with SRA (photos courtesy of Ric Maggenti)

(a)

(b)
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Fig. 7: Concrete footing jacket on the skyway portion of the new 
span for the SFOBB: (a) stay-in-place steel forms with headed 
studs; and (b) finished jacket, exhibiting no visible cracks (photos 
courtesy of Bill Lee and Ric Maggenti)

fibers. In contrast, the control sections of the deck, placed 
without SRA and without fibers, exhibited substantial 
cracking within 6 weeks.  

In 2011, a 5 in. (127 mm) “crack-free” deck was placed on 
precast box beams over Craig Creek on SR 99 near Red 
Bluff, CA. The concrete mixture was designed to develop a 
3-day strength of 4000 psi (27.6 MPa), using 705 lb/yd3 
(418 kg/m3) portland cement (w/c of 0.39), SRA (0.75 gal./yd3 
[3.7 L/m3]), and synthetic macrofibers (3 lb/yd3 [1.8 kg/m3]). 
The project was used to study accelerated bridge construction 
via high-performance concrete and limited time (only  
3 days) for moist curing. No visible cracking was noted 
during inspection after 14 months of service. It was concluded 
that a high-quality, durable deck can be successfully and 
rapidly constructed.

A concrete mixture comprising SRA and fibers was also 
used to construct the roof of a maintenance station on the 
Doyle Drive project in San Francisco, CA. The completed 
deck also serves as the invert of the project’s tunnel. The 
deck was found to be crack-free 6 months after construction. 

The effectiveness of SRAs in mitigating shrinkage 
cracking was also demonstrated on 1 ft (0.3 m) thick 

concrete encasement jackets placed around steel footing 
boxes on the Skyway portion of the new east spans of 
SFOBB. Impressively, there were no cracks, even at the 
reentrant corners (Fig. 7), several months after construction. 
SRA was also used successfully in the project’s pile caps. 

 
Ongoing Needs

Tens of thousands of cubic yards of high-strength 
concrete have been supplied with SRAs to meet the 
Caltrans shrinkage performance requirements of 0.030% at 
28 days and 0.045% at 180 days. Segmental bridges such as 
Confusion Hill; Devil’s Slide; the Spanish Creek Spandrel 
Arch Bridge in Plumas County, CA, on SR 70; and the two 
large box girder bridges of the east spans of the SFOBB 
have been constructed under a performance specification 
for shrinkage. In all cases, the contractors elected to use 
SRAs to meet the shrinkage performance requirements. In 
the latter case, only 0.5 gal./yd3 (2.5 L/m3) of SRA was used, 
yet the mixture exhibited 28-day shrinkage values of only 
about 0.020%.

It should be noted that the SFOBB projects were in an 
area with high-quality aggregates (which were absolutely 
necessary to produce the specified high-performance 
concrete). In locations where aggregate quality is very poor, 
it may be necessary to use SRAs in addition to other 
practices, such as using larger maximum size aggregate, to 
reduce water demand and control drying shrinkage.  

While it is also possible to use methacrylate treatments 
to fill and seal cracks, the preparation and application costs 
for these treatments are more than double the costs for an 
effective dosage of SRA and fibers. Therefore, preventing 
cracks is a more cost-effective solution.

Bases for Success
As Bryant Mather wrote in 1951: “…concrete research 

has value and meaning only as it improves the quality, 
economy, and applicability of concrete for construction…”13 
Research and experience has convincingly demonstrated 
that early-age shrinkage cracking in concrete bridge decks 
can be significantly reduced if the mixtures have 28-day 
shrinkage values below 0.030%. While controlling drying 
shrinkage to these levels previously required use of low- 
slump mixtures and large, dense aggregates, it is now 
possible to do so using SRAs, water reducers, and fibers. 
With a sound theoretical basis, we believe that SRA mixtures 
satisfy Abram’s key requirement for the control of concrete 
behavior. With the associated improvements in quality and 
economy, we also believe the research behind these mixtures 
meets Mather’s requirements for value and meaning. 
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BONDED PREFORMED JOINT SEAL (Tollway GBSP) 
 
Effective:  May 24, 2006 
Revised: July 23, 2013 
 
DESCRIPTION 
This work shall consist of furnishing all labor, equipment, technical assistance and materials 
necessary to install the bonded preformed joint seal as shown on the plans and as specified 
herein. 
 
When specified, an elastomeric concrete nosing compatible with the preformed seal as required 
by the sealant manufacturer shall be installed.  The minimum dimensions for a polymer concrete 
nosing cross section are 1 1/2 in. deep by 3 1/2 in. wide.  The elastomeric concrete shall be 
furnished and installed according to the Tollway Special Provision for “Bridge Expansion Joints, 
Replacement and Reconstruction, with Bonded Preformed Seals and Elastomeric Concrete ". 
 
MATERIALS 
Joint seals used for the replacement and reconstruction of the existing seals shall consist of the 
pre-formed neoprene pressurized seals of the JEENE Joint Seal System as manufactured by 
Watson, Bowman, Acme, Corp., and/or of the pre-formed neoprene compression seals of the J-
Series Joint Seal System as manufactured by D. S. Brown Company.  Only the following 
materials supplied by Watson, Bowman, Acme or D. S. Brown shall be used to install the joint 
seal systems. 
 

(1) Alternate “A”:  JEENE Joint System.  A polychloroprene (neoprene) elastomer seal, 
preformed by extrusion and vulcanized into its definitive shape, which is supplied in 
several configurations and dimensions, ranging from ¼” to 5” shall be required for use.  
The preformed seal shall have the following properties: 

 
  

PROPERTY 
ASTM 

METHOD REQUIREMENT 
Tensile Strength, min. D-412 2000 psi (13.8 Mpa) 
Elongation at Break, min. D-412 250% 
Hardness, Shore A D-2240 65 ± 5 
Oven Aging, 70 hrs. at 212ºF 

Tensile Strength, max. loss 
Elongation at Break, max. loss 

Change in Hardness 

 
 

D-573 

 
20% 
20% 
0 – 10 points 

Oil Swell, 70 hrs. at 212ºF 
Weight Change, max. 

 
D-471 

 
45% 

Ozone Resistance, 70 hrs. at 104ºF D-1149 No Cracks 
Low Temperature Stiffing, 7 days at 
14ºF 

Change in Hardness 

 
D-2240 

 
0 – 15 points 

 
 

  



A two-component, thixotropic, epoxy-based adhesive, which is mixed at the job site and 
supplied by the joint seal manufacturer, shall be required for use with the JEENE Joint 
Seal System.  The adhesive shall have the following properties: 

 
 

 
 
 
 
 
 
 
 
 
 
Note:  If the ambient air temperature is between 40ºF and 60ºF, an alternate cold 
weather epoxy shall be utilized.  

 
(2) Alternate “B”:  J-Series Joint Seal System.  A polychloroprene (neoprene) elastomeric 

seal preformed by extrusion and vulcanized into its definitive shape, ranging from 1” to 
4” shall be required for use.  The preformed seal shall have the following properties: 

 
PROPERTY ASTM 

METHOD 
REQUIREMENT 

Tensile Strength, min. D-412 2000 psi 
Elongation at Break, min. D-412 250% 
Hardness, Shore A D-2240 55 ± 5 
Oven Aging, 70 hrs. @ 212°F 

Tensile Strength, max. loss 
Elongation at Break, max. loss 
Change in Hardness, Shore A 

  
20% 
20% 
0 – 10 points 

Oil Swell, 70 hrs at 212°F 
Weight Change, max. 

 
D-471 

 
45% 

Ozone Resistance, 20% strain, 70 hrs 
aging, D573, 3 ppm in air 

D-1149  
No Cracks 

 
A two-component modified epoxy-based adhesive, which is mixed at the job site and 
supplied by the joint seal manufacturer, shall be required for use with the J-Series Joint 
Seal System.  The adhesive shall have the following properties: 

 
PROPERTY ASTM 

METHOD 
REQUIREMENT 

Tensile Strength, min. D-638 4,500psi, min. 
Axial Compression D-638 8,775 psi, min. 
Pot Life at 68°F  N/A 45 minutes 
Flash Point N/A >200°F 
Non-Volatile content  100% reactive 
Initial cure @ 70°F  N/A 24 hours 

PROPERTY 
ASTM 

METHOD REQUIREMENT 
Tensile Strength D-638 4,000 psi  
Axial Compression  D-638 8,000 psi  
Pot Life at 68ºF  N/A 40 minutes  
Flash Point N/A > 200ºF  
Initial Cure at 68ºF  N/A 24 hours 
Full Cure at 68ºF  N/A 7 days 



CONSTRUCTION REQUIREMENTS 
General.  Technical assistance provided by the manufacturer during surface preparation and 
installation shall be furnished at no additional cost to the Tollway.  The Contractor shall 
furnish the Engineer with the manufacturer’s written product information, installation 
procedures, and instructional video at least two weeks prior to installation.  The Contractor, 
the manufacturer’s representative, and the Engineer shall meet to review and clarify 
installation procedures, and requirements prior to starting the work.  A technical 
representative must be present for the start of surface preparations and installation for at 
least one day.  The Contractor shall contact the manufacturer at least two weeks prior to 
installation. 
 
Installation.  When placing the bonded preformed joint seal against concrete, the concrete 
surface shall be dry.  For newly placed concrete, the concrete shall be fully cured and 
allowed to dry out a minimum of 7 additional days prior to placement of the bonded 
preformed joint seal.  Cold, wet, inclement weather will require an extended drying time. 
 

 Joint Seal System Installations.  Joint seal installations shall be as follows. 
 

(1) JEENE Joint Seal System Installation.  After the elastomeric concrete or Portland 
cement nosing material has cured and the joint opening form has been removed, (and 
after the Engineer verifies that work done under other subsections meets requirements,) 
the pre-formed neoprene pressurized seal shall be installed.  Before installation of the 
seal, the entire formed joint opening shall be cleaned with all foreign materials totally 
removed from the gap.  The environment should be free of dust, oil, grease, wax, 
moisture, and frost.  The elastomeric concrete heads must first be cleaned out by disc 
grinding or sandblasting using black beauty sand and then vacuumed or blown with dry, 
oil free, compressed air before the two component epoxy adhesive is mixed and applied.  
No installation may be performed in rainy weather, or when rain is expected within one 
hour before installation.  All surfaces must be completely dry prior to applying adhesive. 

 
The pre-formed neoprene pressurized seals shall be of the size and shape shown on the 
Plans.  Ambient temperature shall not be lower than 40ºF during installation.  Note that 
gap size will change with cold and hot temperature extremes.  Gap measurement should 
optimally be carried out at the mid-point of the average temperature range for the area of 
installation.  The pre-formed seal shall be cut to the correct length of the appropriate gap 
for installation, without pulling or exerting excess tension.  After the seal length is 
determined and required cut-outs are completed, both ends of the seal shall be plugged 
(air tight) and the air valves installed.  All end plugs in the seal shall be tested for air 
tightness and integrity by careful inspection and water submergence prior to seal 
installation in the joint opening.  Deflate and dry off the pre-formed seal before 
installation. 
 
Clean and abrade the sides of the pre-formed seal per the manufacturer’s instructions 
before the epoxy adhesive is applied.  Mix adhesive according to manufacturer’s 
directions only after all preparation of the joint openings in all lanes and for the pre-
formed seal are complete.  The adhesive shall be applied to the inner faces of the joint 
opening in an even manner, without leaving blank spots.  In the same even manner, the 
adhesive shall be applied to the outer rigid side walls of the pre-formed seal.  As the 
adhesive is applied to the seal walls (on both sides), the seal should be gradually 
inserted into the gap, without stress or compression.  The contractor should maintain the 
profile at the depth desired, by hand or by any convenient means.  The seals shall be 



installed at all times with the top of the seal placed below the top of the seal placed 
below the top of the adjoining pavement slabs as shown on the Plans.  Any excess 
adhesive shall be removed. 
 
Pressurization should be done through the air valve with a heavy pump.  Pressurization 
should be applied slowly so as not to cause the joint to squeeze adhesive out of the 
flanges on the sides of the joint.  Following pressurization, immediately clean all excess 
adhesive around the edges and top of the joint with a trowel or scraping tool, allow the 
epoxy adhesive to cure approximately 24 hours, and then remove the air valve to bleed 
off air pressure. 

 
(2) J-Series Joint Seal System Installation.  After the elastomeric concrete or Portland 

cement nosing material has cured and the joint opening form has been removed (and 
after the Engineer verifies that work done under other subsections meets requirements), 
the pre-formed neoprene compression seal shall be installed.  Before installation of the 
seal, the entire formed joint opening shall be cleaned with all foreign materials totally 
removed from the gap.  The environment should be free of dust, oil, grease, wax, 
moisture, and frost.  The elastomeric concrete heads must first be cleaned using a stiff 
bristled brush or sandblasting using black beauty sand and then vacuumed or blown with 
dry, oil free, compressed air before the two component epoxy adhesive is mixed and 
applied.  No installation may be performed in rainy weather, or when rain is expected 
within one hour before installation.  Clean the concrete surfaces with alcohol cleaner and 
all surfaces must be completely dry prior to applying adhesive. 

 
The pre-formed neoprene compression seals shall be of the size and shape shown on 
the Plans.  Uncoil the seal and allow it to relax.  Apply seal conditioner, scrubbing 
vigorously into the ribs of the seal using a wire brush or wire wheel on the sidewalls.  
The surface must be abraded and tacky to the touch.  This roughened, dull finish is 
needed for an aggressive bond.  Continued scrubbing with a stiff nylon brush and new 
conditioner will clean the surface.  Do this in two separate passes, and then rinse the 
profile with cleaner. 
 
Apply the adhesive to the joint surfaces and into the ribs of the profile using a margin 
trowel.  The ribs must be completely filled.  Using a vacuum hooked up to one end of the 
seal length, draw down the seal enough to insert into the opening.  One placed and 
leveled, turn off vacuum pump and allow the seal to expand and push against the 
concrete.  A small amount of adhesive should be visible above the ribbed area.  Remove 
any additional adhesive using organic solvents.  Allow the adhesive to cure for 24 hours. 
 

METHOD of MEASUREMENT 
This work will be measured in place, in feet along the centerline of the joint. 
 
BASIS of PAYMENT 
This work will be paid for at the contract unit price per foot for BONDED PREFORMED JOINT 
SEAL, of the size specified.  The size is defined as the joint opening at 50°F.  When an 
elastomeric concrete nosing is specified it shall not be included in this item but will be paid for 
according to the Tollway Special Provision for “Bridge Expansion Joints, Replacement and 
Reconstruction, with Bonded Preformed Seals and Elastomeric Concrete ". 
 
 



Pay Item 
Number Designation Unit of 

Measure 

JT525135 BONDED PREFORMED JOINT SEAL, 4 IN. FOOT 
 



PERFORMANCE-RELATED SPECIAL PROVISION FOR HIGH PERFORMANCE CONCRETE 
MIX DESIGNS FOR CONCRETE SUPERSTRUCTURE (Tollway) 

Effective:  October 12, 2012 
Revised: September 11, 2015 

DESCRIPTION 

This work consists of designing and furnishing high performance portland cement concrete. The 
objective of this performance-related special provision is to provide the Illinois Tollway with a 
methodology to assure high quality concrete with reduced shrinkage potential, while 
simultaneously allowing the Contractor the maximum freedom in deciding how to develop the 
mix design and place the concrete to achieve this objective. Construction of superstructures 
using high performance concrete shall be in accordance with Section 503 of the IDOT Standard 
Specifications except where modified by this special provision. 

REFERENCE STANDARDS 

Except where modified by the Illinois Department of Transportation or the Tollway, the following 
Standards shall apply: 

Illinois Department of Transportation (IDOT) 

• Standard Specifications for Road and Bridge Construction, Adopted January 1, 2012. 
• Supplemental Specifications and Recurring Special Provisions, Current Edition. 
• Test Procedures referenced herein, as described in the current edition of the Manual 

of Test Procedures for Materials, as well these test procedures: 

• AASHTO T 22  Compressive Strength of Cylindrical Concrete Test Specimens 
• AASHTO T 105 Chemical Analysis of Hydraulic Cement 
• AASHTO T 119 Standard Test Method for Slump of Hydraulic-Cement 

Concrete 
• AASHTO T 152  Air Content of Freshly Mixed Concrete by the Pressure 

Method 
• AASHTO T 160  Length Change of Hardened Hydraulic-Cement Mortar and 

Concrete  
• AASHTO T 161 Standard Method of Test for Resistance of Concrete to Rapid 

Freezing and Thawing (Procedure A – modified) 
• AASHTO T 277 Electrical Indication of Concrete’s Ability to Resist Chloride Ion 

Penetration 
• AASHTO T 303 Potential alkali reactivity of aggregates (mortar-bar method) 
• ASTM A820 Standard Specification for Steel Fibers for Fiber-Reinforced 

Concrete 
• ASTM C94 Standard Specification for Ready-Mixed Concrete  
• ASTM C457 Microscopical Determination of Parameters of the Air-Void 

System in Hardened Concrete (Method B) 
• ASTM C494 Standard Specification for Chemical Admixtures for Concrete 
• ASTM C856 Petrographic Examination of Hardened Concrete 



• ASTM C1581  Determining Age at Cracking and Induced Tensile Stress 
Characteristics of Mortar and Concrete under Restrained 
Shrinkage 

• ASTM C1666 Standard Specification for Alkali Resistant (AR) Glass Fiber for 
GFRC and Fiber-Reinforced Concrete and Cement 

• ASTM C1761 Standard Specification for Lightweight Aggregate for Internal 
Curing of Concrete 

• ASTM D7508 Standard Specification for Polyolefin Chopped Strands for Use 
in Concrete 

MATERIALS 

Portland cement, mixing water, fine and coarse aggregates, supplementary cementitious 
materials, and concrete admixtures shall conform to the requirements of Section 1000 of Illinois 
Department of Transportation Standard Specifications for Road and Bridge Construction, 
Current Edition, with exceptions as noted. Specific references are as follows: 

Material Section 

Cement (See Note 1) 1001 

Mixing Water 1002 

Fine Aggregates  (See Note 2) 1003 

Coarse Aggregates  (See Note 2) 1004 

Supplementary Cementitious Materials (See Note 3) 1010 

Concrete Admixtures (See Note 4) 1021 

Other Materials see Notes 5 and 6 

• Note 1: Portland cement shall be according to AASHTO M 85 and blended 
cement shall be according to AASHTO M 240 with no additional restrictions. 
Limestone is classified as a processing addition to Porland cement, not as a 
supplementary cement. The use of other cements shall require approval of the 
Tollway materials department.  

• Note 2: Fine and coarse aggregate requirements shall be per IDOT Class BS 
concrete 

• Note 3: Supplementary cementitious materials must have an alkali content less 
than 3.5 percent (Na2Oeq). 

• Note 4: Shrinkage reducing admixtures (SRA) and slump retention admixtures 
from a Tollway approved source may be used. 

• Note 5: Fiber reinforcement shall be permitted provided the material is used in 
accordance with the product manufacturer’s recommendations and it is 
demonstrated that the concrete complies with the herein established 
performance requirements. Steel fibers shall conform to ASTM A820, Alkali-



resistant (AR) glass fibers shall conform to ASTM C1666 and synthetic fibers 
shall conform to ASTM D7508. 

• Note 6: Saturated lightweight aggregate may be used in accordance with ASTM 
C1761. 

MIXTURE QUALIFICATION REQUIREMENTS 

Contractor shall provide a concrete mixture design according to the following performance 
requirements. The testing shall be performed by an AASHTO-accredited laboratory.  Mixture 
designs not used in the current calendar year will require a current report of petrographic 
examination, performed in accordance with ASTM C856, using concrete produced from a trial 
batch witnessed by the Tollway in the current calendar year. 

Slump Loss 

Unless otherwise approved by the Tollway, the initial slump (measured within 10 minutes 
after the addition of water) shall be between 3 and 8 inches. The slump shall be no less 
than 3 inches for at least 45 minutes after the addition of water as measured by 
AASHTO T 119. The change in slump shall be no greater than 2 inches in 20 minutes 
and 4 inches from the initial measurement (measured within 10 minutes after the 
addition of water). The concrete temperature during testing shall be greater than 65°F. 

Compressive Strength 

Compressive strength measured in accordance with AASHTO T 22 shall not be less 
than 4,000 psi at 14 days. Test cylinders shall be made and cured in accordance with 
AASHTO T 23. The compressive strength determined in the laboratory shall be 
designated as f’target for future acceptance of the mixture. 

Time to Cracking 

Net time to cracking shall not be less than 28 days when determined in accordance with 
ASTM C1581. Prior to batching for a test sample, all coarse aggregate particles 
exceeding ¾-inch shall be removed and replaced with an equal volume of minus ¾-inch 
graded material. This test shall be waived if the concrete mixture contains 605 lb/yd3 or 
less total cementitious material and a minimum dosage of 1.5 gal/yd3 of approved 
shrinkage reducing admixture (SRA). 

Length Change 

Measured shrinkage shall not be greater than 0.030 percent after 21 days of air drying 
when determined in accordance with AASHTO T 160. Specimens shall be wet cured for 
7 days prior to air-drying. The initial reading for calculation of shrinkage shall be taken at 
the initiation of drying. 

Freeze-Thaw Durability 

Durability factor shall be no less than 80 percent after 300 cycles of freezing and thawing 
as determined in accordance with AASHTO T 161 (Procedure A) with the following 



modifications:  the 14-day curing period prior to freeze-thaw cycling shall consist of 7 
days immersion, in saturated lime water at 73.4 ± 3.0 °F followed by 7 days of storage in 
air at 73.4 ± 2.0 °F and at a relative humidity of 50 ± 4.0 %.  

The concrete will possess an air-void system having the following characteristics as 
determined by ASTM C457 (Method B): 

• Spacing factor not exceeding 0.008-in. 
• Specific surface not less than 600 in2/in3  
• Total air content not less than 4.0 percent 

The air-void system requirements will be waived if testing in accordance with AASHTO T 
161 (Tollway-modified) results in a durability factor equal to or greater than 90 percent 
after 300 cycles of freezing and thawing. 

Freeze-thaw testing in accordance with AASHTO T 161  (Tollway-modified) may be 
waived at the discretion of the Tollway if the air-void system parameters are met. 

Chloride Penetrability 

The total charge passed shall not exceed 1250 coulombs at 28 days as determined in 
accordance with AASHTO T 277 using the accelerated curing procedure. Test 
specimens shall be made in accordance with AASHTO T 23. Specimens shall be cured 
for one week at 73 °F and the following three weeks at 100 °F. An interim test result can 
be provided at the option of the contractor. A test shall consist of three specimens. 

Alkali Silica Reactivity 

Each aggregate shall be evaluated individually in accordance with AASHTO T 303 and 
must have a measured expansion no greater than 0.10 percent after 16 days. Each 
aggregate shall be evaluated separately. Each aggregate that does not meet this limit 
when tested with portland cement alone may demonstrate acceptance using a blended 
cement or a combination of portland cement and supplementary cementitious materials 
proposed for the HPC mixture. The supplementary cementitious replacement content 
needed to pass the AASHTO T 303 requirement shall become the minimum required 
replacement percentage of the concrete mixture. 

This test shall be waived if the concrete is proportioned such that the maximum total 
alkali content (Na2Oeq) contributed by portland cement (as determined in accordance 
with AASHTO T 105) does not exceed 4.0 lb/yd3. 

The test shall also be waived if the aggregate has been evaluated in accordance with 
ASTM C1293 within the last 12 months and has an average expansion of three concrete 
specimens equal to or less than 0.04 % at one year. 



FIELD TRIAL BATCH ACCEPTANCE 

Qualification of the concrete mixture will require a field trial batch in addition to laboratory 
testing. The field trial must be produced at the batch plant under the supervision of the Tollway 
materials department and must meet the following characteristics: 

• Compressive strength measured in accordance with AASHTO T 22 at 14 days (fc) shall 
be within 4000 ≤ fc ≤ [f’target +1500] psi where f’target is defined as the 14 day strength 
obtained in the laboratory qualification test. 

• Unless otherwise approved by the Tollway, the slump shall be between 3 and 8 inches. 
The slump shall be no less than 3 inches for at least 45 minutes after the addition of 
water as measured by AASHTO T 119. The change in slump shall be no greater than 2 
inches in 20 minutes and 4 inches from the initial measurement (taken within 10 minutes 
after the addition of water). The concrete temperature during testing shall be greater 
than 70°F. 

• Plastic air content measured in accordance with AASHTO T 152 shall be ± 1.5 percent 
from the design.  The plastic air content measured at the end of slump loss testing shall 
be greater than 4.0 percent.. A hardened air void analysis in accordance with ASTM 
C457 may be submitted as an alternative. 

• Water / cementitious materials ratio – Design -0.03, +0.00 
• The total charge passed shall not exceed 1500 coulombs at 28 days as determined in 

accordance with AASHTO T 277 using the accelerated curing procedure. Test 
specimens shall be made in accordance with AASHTO T 23. Specimens shall be cured 
for one week at 73 °F and the following three weeks at 100 °F. A test shall consist of 
three specimens. 

MIXTURE QUALIFICATION SUBMITTAL 

Submittal shall include: 

1. Mixture design, showing: 
a. Quantities, description, sources and mill certifications of all mixture ingredients 
b. Design water-cementitious materials ratio (w/cm) 
c. Design Slump  
d. Design Air content  
e. Gradation and absorption of all aggregates 
f. Bulk specific gravity (SSD) of all cementitious materials and aggregates 
g. Theoretical mass and fresh density 
h. Admixture dosage  

2. A mixture qualification report demonstrating that the concrete complies with the 
performance requirements herein specified. 

3. Report of petrographic examination of trial batch concrete, performed in accordance with 
ASTM C856. 

4. Report of chemical analysis by X-ray Fluorescence of trial batch concrete, performed in 
accordance with AASHTO T 105. 

 

 



 

MATERIAL TOLERANCES 

Portland Cement or Blended Cement 

Once a mixture qualification has been approved, no re-submittal shall be required under 
the condition that the portland cement or blended cement source complies with the 
following tolerances: 

• Alkali content (Na2Oeq): ± 0.20 percent. The alkali silica reactivity 
requirements for the mixture qualification shall be met with the new alkali 
content. 

• Tri-calcium aluminate content: -2.0 percent, +1.0  percent 

Substitution of cement from sources not meeting the above tolerances shall only be 
permitted at the discretion of the Tollway materials department1. 

Coarse and Fine Aggregate 

Substitution of aggregates from different sources or size classifications shall only be 
permitted at the discretion of the Tollway materials department1. Similar aggregate type 
and lithology are recommended to ensure that no change in constructability or 
performance occurs. 

Supplementary Cementitious Materials 

No change in grade, classification, or fly ash type shall be permitted without resubmittal 
unless approved by the Tollway materials department1. 

Concrete Admixtures and Other Materials 

Contractor may change between ASTM C494 Type A and Type D admixtures as 
seasonal conditions warrant. No other changes in manufacturer or product shall be 
permitted without re-submittal unless approved by the Tollway materials department1. 

 
                                                
1 Changes other than those described herein may be permitted without re-submittal if approved by the 
Tollway materials department. A field trial batch may be required to demonstrate similarity and additional 
laboratory testing may be required to validate performance. Testing will be limited only to tests in this 
specification, and may consist only of selected tests depending on the substitution. The proposed 
substitution must be reviewed by the Tollway materials department to select the required tests for re-
qualification. Some examples are: 
 
• Mixtures using ASR susceptible aggregates shall require retesting to demonstrate ASR mitigation for 
any change to cementitious materials. 
• Cementitious materials changes deemed to cause additional cracking risk, such as increases in 
fineness or reactivity shall require retesting restrained ring shrinkage, linear drying shrinkage, and slump 
loss. 
• Changes to admixture products may require retesting for slump loss and hardened air-voids. 



 

CURING AND PROTECTION 

A proposed HPC mixture that complies with the specified properties defined herein shall be 
considered “fully optimal” if the mix contains no less than 6% (based on total weight) pre-wetted 
lightweight fines, contains a minimum of 35% (of total cement weight) supplementary cementing 
materials, shall contain a minimum dosage of 2.0 gal/yd3 of approved shrinkage reducing 
admixture (SRA), and has a gradation that is well optimized with a minimum of 2 fine 
aggregates (natural sand and lightweights) and 2 coarse aggregates blended at the production 
plant to fall within the following gradation band. 

AGGREGATE BLEND FOR THE “FULLY OPTIMAL” CLASS HPC MIX 
Percent by weight passing 

 
Sieve Size % Passing 

1 in. 100 
¾ in. 85-98 
½ in. 65-85 
⅜ in. 55-77 
# 4 40-60 
# 8 28-45 
# 16 18-35 
# 30 10-25 
# 50 5-17 
#100 1-12 
#200 0-8 

 

Curing For Optimal HPC Mix Designs  

Curing shall be in accordance with Article 1020.13(a)(5) of the standard specifications except as 
modified below. 

Add the following paragraph to Article 1020.13(a)(5) of the standard specifications: 

“The curing period for decks built with an approved “fully optimal” HPC mix design shall be 
no less than 4 days.” 

Curing For Other HPC Mix Designs 

Curing shall be in accordance with Article 1020.13(a)(5) for a 7 day period.  

For All HPC Mix Designs 

Low air temperature protection methods shall be in accordance with Articles 1020.13(d)(1)(2) of 
the Standard Specifications except as modified below: 



Replace the first sentence of Article 1020.13(d)(1) of the standard specifications  with the 
following: 

“When the official National Weather Service forecast for the construction area predicts a low 
below 45°F, or if the actual temperature drops below 45°F, concrete less than 72 hours old 
shall be provided protection.  When protection is required, the temperature of water for 
curing shall be no less than 45°F.”  

The temperature of the curing water shall not be more than 20 °F cooler than the surface 
temperature of the concrete at the time the water and concrete come in contact. The curing 
water temperature shall be measured in the storage tank.  The surface temperature of the 
concrete shall be measured under the cotton mats placed for curing.  Measuring the 
temperatures of the curing water and concrete surface, and any required heating or cooling of 
the curing water, shall be the responsibility of the contractor.  Water shall be potable, meet the 
requirements of ASTM C 94, and be free of materials that have the potential to stain concrete.  

Use black or dark colored plastic sheets when the daily high ambient temperature is below 60 
°F. Use white or similarly reflective plastic sheets when the daily high ambient temperature is 
above 85°F. Use any color or transparency of plastic sheet at temperatures between 60 and 
85 °F. 

TEMPERATURE CONTROL FOR PLACEMENT 

Temperature control for concrete placement shall be according to Article 1020.14 of the 
standard specifications except as modified below: 

Replace Article 1020.14(b) of the standard specifications with the following: 

“Concrete in structures may be placed when the ambient air temperature is 40°F and 
rising, and concrete placement shall stop when the falling temperature reaches 45°F or 
below, unless otherwise approved by the Engineer.  The temperature of the surfaces to 
receive concrete shall not be less than 40°F.   

The temperature of the concrete at the point of placement shall not be less than 60°F for 
ternary mixtures or for any concrete with more than 20% fly ash or 35% slag replacement 
of Portland cement, and shall not be less than 45°F for all other mixtures, and shall not be 
more than 90°F for any mixture. The use of non-chloride accelerating admixture 
conforming to ASTM C494 Type C or E is allowed during cold weather placements when 
air temperatures below 45°F are anticipated before the expiration of the specified curing 
period, provided the accelerator is included in the original mixture qualification. When 
insulated forms are used, the maximum temperature of the concrete mixture shall be 80°F. 

High performance concrete mixtures shall not be placed when the ambient air temperature 
exceeds 90ºF without approval of the Engineer. The maximum concrete temperature shall 
be 85ºF for the cast-in-place high performance concrete mixtures at the point of 
placement, except when placement operations are conducted at night, when the maximum 
concrete temperature shall be 90ºF.  The difference in temperature of the forms and 
concrete shall be <10ºF at time of placement.” 

 



QUALITY MANAGEMENT PLAN  

At least 14 days prior to the first concrete placement, the Contractor shall submit a Quality 
Management Plan (QMP), for materials and construction in accordance with the Illinois Tollway 
recurring Special Provision for Contractor’s Quality Program  Minimum job-site testing 
procedures shall be per the IDOT QC/QA Special Provision. Contractor personnel performing 
testing shall be IDOT certified Level I PCC Technician or higher. 

PRODUCTION FACILITY AND TRANSPORTATION EQUIPMENT 

The production facility and transportation equipment shall conform to the certification 
requirements of the Illinois Department of Transportation. 

FIELD ACCEPTANCE 

Acceptance to this specification shall be based on the following characteristics: 

• Compressive strength measured in accordance with AASHTO T 22 at 14 days (fc) shall 
be within 4000 ≤ fc ≤ [f’target +1500] psi where f’target is defined as the 14 day strength 
obtained in the laboratory qualification test. 

• Unless otherwise approved by the Tollway, the slump shall be between 3 and 8 inches 
when delivered to the project site. 

• Plastic air content measured in accordance with AASHTO T 152 shall be ± 1.5 percent 
from the design, with a minimum of 4.0 percent. A hardened air void analysis in 
accordance with ASTM C457 may be submitted as an alternative. 

• Water / cementitious materials ratio – Design -0.03, +0.00 

Other quality assurance testing required by the Tollway, but not included as a basis for payment 
shall consist of: 

• The total charge passed shall not exceed 1500 coulombs at 28 days as determined in 
accordance with AASHTO T 277 using the accelerated curing procedure. Test 
specimens shall be made in accordance with AASHTO T 23 at the same frequency as 
compressive strength testing. A minimum of two tests shall be required for each bridge 
deck placement where each test consists of three specimens. Specimens shall be cured 
for one week at 73 °F and the following three weeks at 100 °F. 

• A petrographic examination in accordance with ASTM C856 and chemical analysis 
according to AASHTO T 105 may be used at the discretion of the Tollway to screen for 
changes in composition. 

 



STRUCTURAL REPAIR OF CONCRETE (Tollway GBSP) 
 
Effective: May 29, 2007 
Revised:  November 19, 2012 
 
Description. This work shall consist of structurally repairing concrete. 
 
Materials. Materials shall be according to the following. 
 
  Item          Article/Section 

(a) Portland Cement Concrete (Note 1) ...........................................................................  1020 
(b) R1 or R2 Mortar (Note2) 
(c) Normal Weight Concrete (Note 3) 
(d) Shotcrete (High Performance) (Note 4) 
(e) Reinforcement Bars ..............................................................................................  1006.10 
(f) Anchor Bolts ...........................................................................................................  1006.09 
(g) Water ..........................................................................................................................  1002 
(h) Curing Compound (Type I) ...................................................................................... 1022.01 
(i) Cotton Mats ............................................................................................................. 1022.02 
(j) Protective Coat .......................................................................................................  1023.01 
(k) Epoxy (Note 5) ............................................................................................................ 1025  
(l) Mechanical Bar Splicers  .................................................................................... 508.06(c) 
 
Note 1. The concrete shall be Class SI, except the cement factor shall be a minimum 6.65 

cwt/cu. yd., the coarse aggregate shall be a CA 16, and the strength shall be a 
minimum 4000 psi  compressive or 675 psi  flexural at 14 days. A high range water-
reducing admixture shall be used to obtain a 5-7 in. slump, but the cement factor 
shall not be reduced. This cement factor restriction shall also apply if a water-
reducing admixture is used. 

 
Note 2. The R1 or R2 Mortar shall be from the Department’s approved list of Packaged, 

Dry,Rapid Hardening, Cementitious Materials for Concrete Repairs with coarse 
aggregate added. The amount of coarse aggregate added to the R1 or R2 Mortar 
shall be per the manufacturer’s recommendations. The coarse aggregate gradation 
shall be CA 16 from an Aggregate Gradation Control System source or a packaged 
aggregate meeting Article 1004.02 with a maximum size of 1/2 in.. The R1 or R2 
Mortar and coarse aggregate mixture shall comply with the air content and strength 
requirements for Class SI concrete as indicated in Note 1. Mixing shall be per the 
manufacturer’s recommendations, except the water/cement ratio shall not exceed 
the value specified for Class SI concrete as indicated in Note 1. A high range water-
reducing admixture shall be used to obtain a 5-7 in. slump. 

 
Note 3. The packaged concrete mixture shall be from the Department’s approved list of 

Packaged, Dry, Formed, Concrete Repair Mixtures. The materials and preparation 
of aggregate shall be according to ASTM C 387. Proportioning shall be according to 
ASTM C 387, except the minimum cement factor shall be 6.65 cwt/cu.yd.. Cement 
replacement with fly ash or ground granulated blast-furnace slag shall be according 
to Section 1020. The coarse aggregate shall be a maximum size of 1/2 in.. The 
packaged concrete mixture shall comply with the air content and strength 
requirements for Class SI concrete as indicated in Note 1. Mixing shall be per the 
manufacturer’s recommendations, except the water/cement ratio shall not exceed 



the value specified for Class SI concrete as indicated in Note 1. A high range water-
reducing admixture shall be used to obtain a 5-7 in. slump. 

 
Note 4.  A packaged, pre-blended, and dry combination of materials, for the wet-mix 

shotcrete method shall be provided according to ASTM C 1480. An accelerator is 
prohibited, except the shotcrete may be modified at the nozzle with a non-chloride 
accelerator for overhead applications. The shotcrete shall be Type FA, Grade FR, 
and Class I. The fibers shall be Type III synthetic according to ASTM C 1116.  

 
The packaged shotcrete shall have a maximum water soluble chloride ion content of 
0.06 % by weight (mass) of cement. The test shall be performed according to ASTM 
C 1218, and the hardened shotcrete shall have an age of 28 to 42 days at the time 
of test. The test shall be performed a minimum of once every two years.  
 
Each individual aggregate used in the packaged shotcrete shall have either a 
maximum ASTM C 1260 expansion of 0.16 percent or a maximum ASTM C 1293 
expansion of 0.040 percent. However, the ASTM C 1260 value may be increased to 
0.27 percent for each individual aggregate if the cement total equivalent alkali 
content (Na2O + 0.658K2O) does not exceed 0.60 percent. As an alternative to 
these requirements, ASTM C 1567 testing which shows the packaged shotcrete has 
a maximum expansion of 0.16 percent may be submitted. The ASTM C 1260, C 
1293, or C 1567 test shall be performed a minimum of once every two years. 

 
 The 7 and 28 day compressive strength requirements in ASTM C 1480 shall not 

apply. Instead the shotcrete shall obtain a minimum compressive strength of 4000 
psi at 14 days. 

  
 The packaged shotcrete shall be limited to the following proportions: 
 

  
The portland cement and finely divided minerals shall be 6.05 cwt/cu. yd. to 8.50 cwt/cu. yd 

for Type FA and 6.05 cwt/cu. yd. to 7.50 cwt/cu. yd. for Type CA. The portland 
cement shall not be below 4.70 cwt/cu. yd. for Type FA or CA. 
The finely divided mineral(s) shall constitute a maximum of 35 percent of the total 
cement plus finely divided mineral(s). 

 
Class F fly ash is optional and the maximum shall be 20 percent by weight of 
cement. 

 
 Class C fly ash is optional and the maximum shall be 25 percent by weight of 

cement. 
 
 Ground granulated blast-furnace slag is optional and the maximum shall be 30 

percent by weight of cement. 
 
 Microsilica is required and shall be a minimum of 5 percent by weight of cement, 

and a maximum of 10 percent. As an alternative to microsilica,  high-reactivity 
metakaolin may be used at a minimum of 5 percent by weight of cement, and a 
maximum of 10 percent. 

 



 Fly ash shall not be used in combination with ground granulated blast-furnace slag. 
Class F fly ash shall not be used in combination with Class C fly ash. Microsilica 
shall not be used in combination with high-reactivity metakaolin. A finely divided 
mineral shall not be used in combination with a blended hydraulic cement, except 
for microsilica or high-reactivity metakaolin. 

 
 The water/cement ratio as defined in Article 1020.06 shall be a maximum of 0.42. 
 
 The air content as shot shall be 4.0 – 8.0 percent. 
 
Note 5. In addition ASTM C 881, Type IV, Grade 2 or 3, Class A, B, or C may be used. 
 
 
 
 
 

Equipment. Equipment shall be according to Article 503.03 and the following. 
 
Chipping Hammer – The chipping hammer for removing concrete shall be a light-duty 
pneumatic or electric tool with a 15 lb. maximum class or less. 
 
Blast Cleaning Equipment – Blast cleaning equipment for concrete surface preparation shall be 
the abrasive type, and the equipment shall have oil traps. 
 
Hydrodemolition Equipment – Hydrodemolition equipment for removing concrete shall be 
calibrated, and shall use water according to Section 1002. 
 
High Performance Shotcrete Equipment – The batching, mixing, pumping, hose, nozzle, and 
auxiliary equipment shall be for the wet-mix shotcrete method, and shall meet the requirements 
of ACI 506R. 
 
Construction Requirements 
 
General. The repair methods shall be either formed concrete repair or shotcrete. The repair 
method shall be selected by the Contractor with the following rules. 
 

(a)  Rule 1. For formed concrete repair, a subsequent patch to repair the placement point 
after initial concrete placement will not be allowed. As an example, this may occur in a 
vertical location located at the top of the repair. 

 
(b)  Rule 2. Formed concrete repair shall not be used for overhead applications. 
 
(c)  Rule 3. Shotcrete shall not be used for column repairs greater than 4 in. in depth, or any 

repair location greater than 8 in. in depth. The only exception to this rule would be for a 
horizontal application, where the shotcrete may be placed from above in one lift. 

 
(d)  Rule 4. If formed concrete repair is used for locations that have reinforcement with less 

than 0.75 in. of concrete cover, the concrete mixture shall contain fly ash or ground 
granulated blast-furnace slag at the maximum cement replacement allowed. 

 



Temporary Shoring or Cribbing. When a temporary shoring or cribbing support system is 
required, the Contractor shall provide details and computations, prepared and sealed by an 
Illinois licensed Structural Engineer, to the Engineer for review and approval. When ever 
possible the support system shall be installed prior to starting the associated concrete removal. 
If no system is specified, but during the course of removal the need for temporary shoring or 
cribbing becomes apparent or is directed by the Engineer due to a structural concern, the 
Contractor shall not proceed with any further removal work until an appropriate and approved 
support system is installed. 
 
Concrete Removal. The Contractor shall provide ladders or other appropriate equipment for 
the Engineer to mark the removal areas. Repair configurations will be kept simple, and squared 
corners will be preferred. The repair perimeter shall be sawed a depth of 1/2 in. or less, as 
required to avoid cutting the reinforcement. Any cut reinforcement shall be repaired or 
replaced at the expense of the Contractor. If the concrete is broken or removed beyond the 
limits of the initial saw cut, the new repair perimeter shall be recut. The areas to be repaired 
shall have all loose, unsound concrete removed completely by the use of chipping hammers, 
hydrodemolition equipment, or other methods approved by the Engineer. The concrete removal 
shall extend along the reinforcement bar until the reinforcement is free of bond inhibiting 
corrosion. The outermost layer of reinforcement bar within the repair area shall be undercut to a 
depth of 3/4 in. (19 mm) or the diameter of the reinforcement bar, whichever value is larger. The 
underlying transverse reinforcement bar shall also be undercut as previously described, unless 
the reinforcement is not corroded, and the reinforcement bar is encased and well bonded to the 
surrounding concrete.  
 
If sound concrete is encountered before existing reinforcement bars are exposed, further 
removal of concrete shall not be performed unless the minimum repair depth is not met. 
 
The repair depth shall be a minimum of 1 in.. The substrate profile shall be ± 1/16 in. . The 
perimeter of the repair area shall have a vertical face. 
 
If a repair is located at the ground line, any excavation required below the ground line to 
complete the repair shall be included in this work. 
 
The Contractor shall have a maximum of 14 calendar days to complete each repair location with 
concrete or shotcrete, once concrete removal has started for the repair. 
 
The Engineer shall be notified of concrete removal that exceeds 6 in. in depth, one fourth the 
cross section of a structural member, more than half the vertical column reinforcement is 
exposed in a cross section, more than 6 consecutive reinforcement bars are exposed in any 
direction, within 1.5 in. of a bearing area, or other structural concern. Excessive deterioration or 
removal may require further evaluation of the structure or installation of temporary shoring and 
cribbing support system. 
 
Surface Preparation. Prior to placing the concrete or shotcrete, the Contractor shall prepare 
the repair area and exposed reinforcement by blast cleaning. The blast cleaning shall provide a 
surface that is free of oil, dirt, and loose material. 
 
If a succeeding layer of shotcrete is to be applied, the initial shotcrete surface and remaining 
exposed reinforcement shall be free of curing compound (Where applied on overhead surfaces 
only), oil, dirt, loose material, rebound (i.e. shotcrete material leaner than the original mixture 
which ricochets off the receiving surface), and overspray. Preparation may be by lightly brushing 



or blast cleaning if the previous shotcrete surface is less than 36 hours old. If more than 36 
hours old, the surface shall be prepared by blast cleaning. 
 
The repair area and perimeter vertical face shall have a rough surface. Care shall be taken to 
ensure the perimeter sawcut is roughened. Just prior to concrete or shotcrete placement, 
saturate the repair area with water to a saturated surface-dry condition. Any standing water shall 
be removed. 
 
Concrete or shotcrete placement shall be done within 3 calendar days of the surface 
preparation or the repair area shall be prepared again. 
 
Reinforcement. Exposed reinforcement bars shall be cleaned of concrete and corrosion by 
blast cleaning. After cleaning, all exposed reinforcement shall be carefully evaluated to 
determine if replacement or additional reinforcement bars are required.  
 
Reinforcing bars that have been cut or have lost 25 percent or more of their original cross 
sectional area shall be supplemented by new in kind reinforcement bars. New bars shall be 
lapped a minimum of 32 bar diameters to existing bars. A mechanical bar splicer shall be used 
when it is not feasible to provide the minimum bar lap. No welding of bars shall be performed. 
 
Intersecting reinforcement bars shall be tightly secured to each other using 0.06 in. or heavier 
gauge tie wire, and shall be adequately supported to minimize movement during concrete 
placement or application of shotcrete. 
 
For reinforcement bar locations with less than 0.75 in. of cover, protective coat shall be applied 
to the completed repair. The application of the protective coat shall be according to Article 
503.19, 2nd paragraph, except blast cleaning shall be performed to remove curing compound 
(where applied on overhead surfaces) on the finished surface. 
 
The Contractor shall anchor the new concrete to the existing concrete with 3/4 in. diameter hook 
bolts for all repair areas where the depth of concrete removal is greater than 8 in. and there is 
no existing reinforcement extending into the repair area. The hook bolts shall be spaced at 15- 
inch maximum centers both vertically and horizontally, and shall be a minimum of 12 inches 
away from the perimeter of the repair. The hook bolts shall be installed according to Section 
584. 
 
Repair Methods. All repair areas shall be inspected and approved by the Engineer prior to 
placement of the concrete or application of the shotcrete.  
 

(a) Formed Concrete Repair. Falsework shall be according to Article 503.05. Forms shall be 
according to Article 503.06. Formwork shall provide a smooth and uniform concrete 
finish, and shall approximately match the existing concrete structure. Formwork shall be 
mortar tight and closely fitted where they adjoin the existing concrete surface to prevent 
leakage. Air vents may be provided to reduce voids and improve surface appearance. 
The Contractor may use exterior mechanical vibration, as approved by the Engineer, to 
release air pockets that may be entrapped. 

 
 The concrete for formed concrete repair shall be a Class SI Concrete or a packaged 

R1or R2 Mortar with coarse aggregate added, or a packaged Normal Weight Concrete 
at the Contractor’s option. The concrete shall be placed and consolidated according to 
Article 503.07. The concrete shall not be placed when frost is present on the surface of 



the repair area, or the surface temperature of the repair area is less than 40 °F. All 
repaired members shall be restored as close as practicable to their original dimensions. 

 
 Curing shall be done according to Article 1020.13. 
 
 If temperatures below 45°F are forecast during the curing period, protection methods 

shall be used. Protection Method I according to Article 1020.13(d)(1), or Protection 
Method II according to Article 1020.13(d)(2) shall be used during the curing period. 

 
 The surfaces of the completed repair shall be finished according to Article 503.15. 
 
(b) Shotcrete. Shotcrete shall be tested by the Engineer for air content according to Illinois 

Modified AASHTO T 152. Obtain the sample in a damp, non-absorbent container from 
the discharge end of the nozzle. 

 
 For compressive strength of shotcrete, a 18 x 18 x 3.5 in. test panel shall be shot by the 

Contractor for testing by the Engineer. A steel form test panel shall have a minimum 
thickness of 3/16 in. for the bottom and sides. A wood form test panel shall have a 
minimum 3/4 in. thick bottom, and a minimum 1.5 in. thickness for the sides. The test 
panel shall be cured according to Article 1020.13 (a) (3) or (5) while stored at the jobsite 
and during delivery to the laboratory. After delivery to the laboratory for testing, curing 
and testing shall be according to ASTM C 1140. 

 
 The method of alignment control (i.e. ground wires, guide strips, depth gages, depth 

probes, and formwork) to ensure the specified shotcrete thickness and reinforcing bar 
cover is obtained shall be according to ACI 506R. Ground wires shall be removed after 
completion of cutting operations. Guide strips and formwork shall be of dimensions and 
a configuration that do not prevent proper application of shotcrete. Metal depth gauges 
shall be cut 1/4 in. below the finished surface. All repaired members shall be restored as 
close as practicable to their original dimensions. 

 
 For air temperature limits when applying shotcrete in cold weather, the first paragraph of 

Article 1020.14(b) shall apply. For hot weather, shotcrete shall not be applied when the 
air temperature is greater than 90°F. The applied shotcrete shall have a minimum 
temperature of 50°F and a maximum temperature of 90°F. The shotcrete shall not be 
applied during periods of rain unless protective covers or enclosures are installed. The 
shotcrete shall not be applied when frost is present on the surface of the repair area, or 
the surface temperature of the repair area is less than 40°F. If necessary, lighting shall 
be provided to provide a clear view of the shooting area. 

 
 The shotcrete shall be applied according to ACI 506R, and shall be done in a manner 

that does not result in cold joints, laminations, sandy areas, voids, sags, or separations. 
In addition, the shotcrete shall be applied in a manner that results in maximum 
densification of the shotcrete. Shotcrete which is identified as being unacceptable while 
still plastic shall be removed and re-applied. 

 
 The nozzle shall normally be at a distance of 2 to 5 ft. from the receiving surface, and 

shall be oriented at right angles to the receiving surface. Exceptions to this requirement 
will be permitted to fill corners, encase large diameter reinforcing bars, or as approved 
by the Engineer. For any exception, the nozzle shall never be oriented more than 45 
degrees from the surface. Care shall be taken to keep the front face of the reinforcement 



bar clean during shooting operations. Shotcrete shall be built up from behind the 
reinforcement bar. Accumulations of rebound and overspray shall be continuously 
removed prior to application of new shotcrete. Rebound material shall not be 
incorporated in the work. 

 
 Whenever possible, shotcrete shall be applied to the full thickness in a single layer. The 

maximum thickness shall be 4 in. unless the shotcrete is applied from above on a 
horizontal surface, or a thicker application is approved by the Engineer. When two or 
more layers of exposed vertical reinforcement exist, multiple layers of shotcrete shall be 
applied.  The first layer of reinforcement shall be encased before shooting begins to 
encase the next layer. When two or more layers are required, the minimum number shall 
be used and shall be done in a manner without sagging or separation. A flash coat (i.e. a 
thin layer of up to 1/4 in. applied shotcrete) may be used as the final lift for overhead 
applications.  

 
 Prior to application of a succeeding layer of shotcrete, the initial layer of shotcrete shall 

be prepared according to the surface preparation and reinforcement bar cleaning 
requirements. Upon completion of the surface preparation and reinforcement bar 
treatment, water shall be applied according to the surface preparation requirements 
unless the surface is moist. The second layer of shotcrete shall then be applied within 30 
minutes. 

 
 Shotcrete shall be cut back to line and grade using trowels, cutting rods, screeds or 

other suitable devices. The shotcrete shall be allowed to stiffen sufficiently before 
cutting. Cutting shall not cause cracks or delaminations in the shotcrete. For 
depressions, cut material may be used for small areas. Rebound material shall not be 
incorporated in the work. For the final finish, a wood float shall be used to approximately 
match the existing concrete texture. All repaired members shall be restored as close as 
practicable to their original dimensions. 

 
Contractor operations for curing shall be continuous with shotcrete placement and 
finishing operations. The Engineer may require modification of operations to ensure 
satisfactory results are obtained. Cotton mats shall be applied according to Article 
1020.13(a)(5) except the exposed layer of shotcrete shall be covered within 10 minutes 
after finishing, and continuous wet curing shall begin immediately. As an alternative to 
this method,Type I curing compound shall be applied according to Article 1020.13(a)(4) 
within 10 minutes and moist curing with cotton mats shall begin within 3 hours. For 
overhead applications where the final shotcrete layer has been applied, the Contractor 
has the option to use Type I curing compound in lieu of the cotton mats. Note 5 of the 
Index Table in Article 1020.13 shall apply to the membrane curing method. The curing 
compound shall be applied according to Article 1020.13(a)(4). 

 
 When a shotcrete layer is to be covered by a succeeding shotcrete layer within 36 hours, 

the repair area shall be protected with intermittent hand fogging, or continuous wet 
curing with either burlap or cotton mats shall begin within 10 minutes. Intermittent hand 
fogging may be used only for the first hour. Thereafter, continuous wet curing with burlap 
or cotton mats shall be used until the succeeding shotcrete layer is applied. Intermittent 
hand fogging may be extended to the first hour and a half if the succeeding shotcrete 
layer is applied by the end of this time. 

 



 The curing period shall be for 7 days, except when there is a succeeding layer of 
shotcrete. In this instance, the initial shotcrete layer shall be cured until the surface 
preparation and reinforcement bar treatment is started. 

 
 If temperatures below 45°F are forecast during the curing period, protection methods 

shall be used. Protection Method I according to Article 1020.13(d)(1), or Protection 
Method II according to Article 1020.13(d)(2) shall be used during the curing period. 

 
Inspection of Completed Work. The Contractor shall provide ladders or other appropriate 
equipment for the Engineer to inspect the repaired areas. After curing but no sooner than 28 
days after placement of concrete or shooting of shotcrete, the repair shall be examined for 
conformance with original dimensions, cracks, voids, and delaminations. Sounding for 
delaminations will be done with a hammer or by other methods determined by the Engineer.  
 
The repaired area shall be removed and replaced, as determined by the Engineer, for 
nonconformance with original dimensions, surface cracks greater than 0.01 in. in width, map 
cracking with a crack spacing in any direction of 18 in. or less, voids, or delaminations. 
 
If a nonconforming repair is allowed to remain in place, cracks 0.01 in. or less shall be repaired 
with epoxy according to Section 590. For cracks less than 0.007 in., the epoxy may be applied 
to the surface of the crack. Voids shall be repaired according to Article 503.15. 
 
Publications and Personnel Requirements. The Contractor shall provide a current copy of 
ACI 506R to the Engineer a minimum of one week prior to start of construction. 
 
The shotcrete personnel who perform the work shall have current American Concrete Institute 
(ACI) nozzlemen certification for vertical wet and overhead wet applications, except one 
individual may be in training. This individual shall be adequately supervised by a certified ACI 
nozzlemen as determined by the Engineer. A copy of the nozzlemen certificate(s) shall be 
given to the Engineer. 
 
Method of Measurement. This work will be measured for payment in place and the area 
computed in square feet. For a repair at a corner, both sides will be measured. 
 
Basis of Payment. This work will be paid for at the contract unit price per square foot for 
STRUCTURAL REPAIR OF CONCRETE (DEPTH GREATER THAN 5 IN.), STRUCTURAL 
REPAIR OF CONCRETE (DEPTH EQUAL TO OR LESS THAN 5 IN.). 
 
When not specified to be paid for elsewhere, the work to design, install, and remove the 
temporary shoring and cribbing will be paid for according to Article 109.04 of the Tollway 
Supplemental specifications. 
 
With the exception of reinforcement damaged by the Contractor during removal, the furnishing 
and installation of supplemental reinforcement bars, mechanical bar splicers, hook bolts, and 
protective coat will be paid according to Article 109.04 of the Tollway Supplemental 
specifications. 
 
 
 
 
 



Pay Item 
Number Designation Unit of 

Measure 

JT503041 STRUCTURAL REPAIR OF CONCRETE (DEPTH 
GREATER THAN 5 IN) 

SQ FT 

JT503040 STRUCTURAL REPAIR OF CONCRETE (DEPTH 
EQUAL TO OR LESS THAN 5 IN) 

SQ FT 

 































 MICHIGAN 
 DEPARTMENT OF TRANSPORTATION 
 
 SPECIAL PROVISION 
 FOR 
 SHOTCRETING VERTICAL AND OVERHEAD STRUCTURE REPAIRS 
 
C&T:TES 1 of 2 C&T:APPR:JFS:EMB:05-10-06 

 
a. Description.  Shotcreting vertical and overhead structure repairs consists of shallow repairs 

in vertical or overhead concrete using a dry-mix shotcrete method, including preparation, placement, 
and finishing of the repair.  Repair locations will be determined by the Engineer.  Perform all work 
according to the Standard Specifications for Construction and ACI 506.2 – 95 Standard 
Specification for Construction, published by the American Concrete Institute (ACI), except as 
modified herein. 
 

b. Materials.  Patching materials to be used include Thoroc SP10, King MS-D1, Sikacem 133, 
or approved equal.   
 

c. Construction. 
 

1. Surface Preparation. Do not patch overhead areas deeper than 3 inches.  Do not patch 
vertical areas deeper than 6 inches.  Remove all unsound or loose concrete using air 
hammers or by grinding.  Hammers heavier than the nominal 30 pound class are not 
permitted unless approved by the Engineer.  Saw-cut the perimeter of the area to be 
patched, as determined by the Engineer, to a minimum edge depth of 0.5 inches.    
Thickness per lift shall not exceed the manufacturer’s recommendation.  When reinforcing 
steel is exposed, remove the concrete to a minimum depth of 0.75 inches behind the steel.  
Furnish and install 2 inch x 2 inch – 12 gauge galvanized welded wire reinforcing according 
to subsection 710.03.D.2 of the Standard Specifications for Construction.   
 
Clean the reinforcing steel of all scale or rust by sandblasting or other methods approved by 
the Engineer.  Exposed surfaces shall be cleaned by sandblasting to remove all debris 
followed by air blasting with oil-free compressed air having a minimum pressure of 90 psi.  
Where the areas to be patched are adjacent to a joint, install necessary edge forms to 
proper line.  Flush the sound, cleaned area for patching with clean water under pressure, 
immediately prior to application of the shotcreting mixture.   

 
2. Mixture Placement and Finishing. The nozzleman must be ACI certified for the dry-mix 
process for vertical and overhead positions.  Protect the adjacent environment according to 
subsection 715.03.D.4 of the Standard Specifications for Construction.  Place the patching 
mixture using equipment approved by the Engineer, in quantities which can be placed and 
finished before hardening begins.  Place and finish the patching mixture according to the 
manufacturer’s recommendations.  Failure of the nozzleman to produce a satisfactory repair 
will result in re-evaluation or rejection of the nozzleman. 

 
3. Curing. Cure patching mixtures according to the manufacturer’s recommendations.  Do 
not place patching mixtures if the ambient air temperature is less than 45 degrees F, or 
greater than 90 degrees F.   Do not place shotcrete against frozen surfaces.  

 



C&T:TES 2 of 2 05-10-06 
 

d. Acceptance.  Obtain and submit to the Engineer daily two, 2” diameter cores of the previous 
day’s work for evaluation, according to ASTM C 1604.  The Department will perform a condition 
inspection on all repairs thirty days after the repairs are completed.  All repairs that fail will be 
considered unacceptable work and must be removed and replaced to the satisfaction of the 
Engineer, at no additional cost to the Department.  Failure of a repair is considered to be sagging of 
the repair material, bond loss, sandy pockets, and/or delamination.  Delaminations will be detected 
by sounding with a hammer or steel bar.  Complete the above work prior to final project acceptance. 
 Repair damage to any in-place pavement, roadway structure, or appurtenance caused by the 
Contractor’s operations as directed by the Engineer, at no cost to the Department. 
 

e. Measurement and Payment. The completed work as described will be paid for at the 
contract unit price for the following contract item (pay item): 
 

Contract Item (Pay Item)            Pay Unit 
 

Vertical and Overhead Structure Repairs, Shotcrete .......................................... Cubic Foot 
 
Vertical and Overhead Structure Repairs, Shotcrete will be measured by volume in cubic feet 

as determined from the theoretical yield of the commercial patching mixture used, with deductions 
made for material wasted or rejected.  Payment includes all labor, equipment and material 
necessary to complete the work according to this special provision.   
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Question No. 2 Do you a high performance bridge deck mix specification?  
If yes, what are the mix design requirements? 
 
Concrete Mix Design Requirements 
  Design and produce 3YHPC-M or 3YPHC-S concrete mixes based on an absolute volume of 27.0 ft3 [1.0 m3] in 
accordance with the Table HPC-4 and the following requirements: 

 
Table HPC-4 

High Performance Bridge Deck Concrete Mix Design Requirements 

Concrete 
Grade 

Mix Number 
* 

Intended Use w/c ratio 
Target 

Air 
Content 

Maximum 
%SCM 

(Fly Ash/Slag/ 
Silica Fume/ 
Ternary)  ║ 

Slump 
Range 

†, 
inches      

Minimum 
Compressive 

Strength, 
f’c (28-day) 

HPC 

3YHPC-M Bridge Deck – 
Monolithic 

0.42-0.45 6.5% 30/35/5/40 1 - 4 4000 psi 

3YHPC-S Bridge – 
Structural Slab 

*  Provide a Job Mix Formula in accordance with 2401.2.A.7.  Use any good standard practice to develop a job mix formula and 
gradation working range by using procedures such as but not limited to 8-18, 8-20 gradation control, Shilstone process, FHWA 
0.45 power chart or any other performance related gradation control to produce a workable and pumpable concrete mixture 
meeting all the requirements of this contract.   

║The individual limits of each SCM shall apply to ternary mixtures. 
† Keep the consistency of the concrete uniform during entire placement.   

 
Required Preliminary Testing 
Prior to placement of any 3YHPC-M or 3YHPC-S Concrete, the Engineer will require preliminary batching and 

testing of the concrete mix design.   
 

  Submit the concrete mixes using the appropriate MnDOT Contractor Mix Design Submittal Workbook available on the 
Department’s website at least 14 calendar days prior to the beginning of preliminary laboratory mixing and testing of the proposed mix 
designs.  Any changes or adjustments to the material or mix design require a new Contractor mix design submittal.  For mix design 
calculations, the Engineer, in conjunction with the Concrete Engineer, will provide specific gravity and absorption data. 

 
  The Concrete Engineer, in conjunction with the Engineer, will review the mix design submittal for compliance with the 
contract.  
 
Test the concrete for the following hardened concrete properties in accordance with Table HPC-5: 

 
Table HPC-5 

Required Hardened Concrete Properties for Mixes 3YHPC-M and 3YHPC-S 

Test Requirement Test Method 

Required Strength 
(Average of 3 cylinders) 4000 psi at 28 days ASTM C31 

Rapid Chloride Permeability 
≤ 2500 coulombs at 28 days (For Preliminary 

Approval) 
≤  1500 coulombs at 56 days 

ASTM C1202 

Freeze-Thaw Durability Greater than 90% at 300 cycles ASTM C666 Procedure A 

Shrinkage No greater than 0.040 percent at 28 days ASTM C157 

Scaling Visual rating not greater than 1 at 50 cycles ASTM C672 
  

   The Engineer will allow the maturity method for subsequent strength determination.  Perform all maturity testing in 
accordance with ASTM C1074 and the MnDOT Concrete Manual. 
 

If a mix is approved, the Concrete Engineer will consider the mix design and testing as acceptable for a period of 5 years 
provided the actual concrete mixed and placed in the field meets the Contract Requirements.  The Concrete Engineer will not require new 
testing within that 5-year period as long as all the constituents (including the aggregates) of the proposed mix design are the same as the 
original mix design.  



MnDOT 
 

 
  The Engineer determines final acceptance of concrete for payment based on satisfactory field placement and 
performance. 
 

Question No. 7. What are your curing requirements for bridge decks? 
 
Bridge Deck Placement and Curing Requirements 

The Engineer will not allow finishing aids or evaporation retarders for use in finishing of the concrete. 
The Contractor is fully responsible for curing methods.  Comply with the following curing methods unless other methods 

are approved by the Engineer in writing. 
 

Table HPC-7 
Required Curing Method Based on Final Bridge Deck Surface 

Bridge Deck Type Final Bridge Deck Surface Required Curing Method ║ 

Bridge structural slab curing 
(3YHPC-S) Low Slump Wearing Course Conventional wet curing after carpet 

drag 

Bridge deck slab curing  
for full-depth decks 

(3YHPC-M) 

Epoxy Chip Seal Wearing Course 
or 

Premixed Polymer Wearing Course 

Conventional wet curing after carpet 
drag 

Bridge Deck Planing Conventional wet curing after carpet 
drag.  

Tined Texturing* 
Conventional wet curing after tine 
texturing  AMS curing Compound 

after wet cure period 

Finished Sidewalk or Trail Portion of 
Deck (without separate pour above)* 

Conventional wet curing after 
applying transverse broom finish  
AMS curing Compound after wet 

cure period 

║ Apply conventional wet curing to bridge slabs following the finishing machine or air screed.  
*  Prevent marring of broomed finish or tined textured surface by careful placement of wet curing.   

 
 Use conventional wet curing consisting of pre-wetted burlap covered with white plastic sheeting in accordance with the 

following: 
(1) Place the burlap to cover 100 percent of the deck area without visible openings 
(2) Place the wet curing within 30 min after the finishing machine completes the final strike-off of the concrete 

surface 
(3) If the Contractor fails to place the wet curing within 30 min, the Department will monetarily deduct $500 for 

every 5 min period, or any portion thereof, after the initial time period until the Contractor places the wet 
curing as approved by the Engineer, the Department may assess the deduction more than once 

(4) Keep the slab surface continuously wet for an initial curing period of at least 7 calendar days 
(5) Use a work bridge to follow the finish machine and 
(6) Provide an additional center rail on wide bridges, if necessary. 

 
Where marring of the broomed finish or tined texturing surface finish is a concern, the Engineer may authorize curing as 

follows: 
(1) Apply a membrane curing compound meeting the requirements of 3754, "Poly-Alpha Methylsytrene (AMS) 

Membrane Curing Compound"  
(2) Apply curing compound using approved power-operated spray equipment 
(3) Provide a uniform, solid white, opaque coverage of membrane cure material on exposed concrete surfaces 

(equal to a white sheet of paper) 
(4) Place the membrane cure within 30 min of concrete placement unless otherwise directed by the Engineer 
(5) Provide curing compound for moisture retention until the placement of a conventional wet curing 
(6) Apply conventional wet curing when walking on the concrete will not produce imprints deeper than 1/16 in [1.6 

mm] 
(7) Keep the deck slab surface continuously wet for an initial curing period of at least 7 calendar days including 

weekends, holidays, or both if these fall within the 7-calendar-day curing period 
(8) The Engineer will not allow placement of membrane curing compound on any concrete surface that expects 

future placement of additional concrete on that surface and  
(9) If the Contractor fails to meet these requirements, the Department may reduce the contract unit price for the 

concrete item in accordance with 1512, "Conformity with Contract Documents." 
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Question No. 16.  Shotcrete specification  
 
1-29-2014                                                                         
 
SB-XX CONCRETE SURFACE REPAIR 
 
SB-XX.1 Description of Work 
 

This work consists of repairing spalled and deteriorated concrete surfaces on various bridges in the 
Project.  Perform the work in accordance with the applicable provisions of MnDOT 2433, the Plans, as directed by 
the Engineer, and the requirements described herein. 
 
SB-XX.2 Shotcrete Processes 
 

Shotcrete may be furnished and applied by either the dry-mix or wet-mix process.  The dry-mix 
process consists of a dry mixture of Portland cement and aggregates conveyed through a hose and mixed with water 
at the nozzle as it is pneumatically projected onto a substrate.  The wet-mix process consists of thoroughly mixing 
all ingredients, except accelerating admixtures, including the mixing water, and introducing the mixture into the 
delivery equipment to be air-jetted from the nozzle at high velocity onto the substrate surface.  Additional 
descriptive information can be found in the American Concrete Institute ACI 506R “Guide to Shotcrete.”   

 
SB-XX.3 Shotcrete Specifications 
 
  Shotcreting shall conform to all applicable requirements of "Specification for Shotcrete (ACI 
506.2-95)” and as referenced herein to “Guide to Shotcrete (ACI 506R-90)” contained in the latest edition of the 
ACI Guide to Concrete Practice, Part 5 published by the American Concrete Institute (ACI); and the following 
special provisions: 
 
SB-XX.4 Submittals for Shotcreting Operations 
 
  Submit the following written documentation at least 10 days prior to commencement of shotcreting 
operations:  
 
 A. Qualifications of Shotcrete Work Crew 
 

The shotcrete crew foreman shall have had at least five years experience in shotcrete repair work 
on projects of similar size and character.  Provide five references of those responsible for supervision of 
similar projects.  Include name, address and telephone number of references who will testify to the 
successful completion of these projects by the shotcrete crew foreman. 

 
Nozzle operators shall have successfully completed three projects of similar size and character.  

Provide three references of those responsible for supervision of these projects.  Nozzle operators shall also 
pass a test, described in SB-12.8C, demonstrating their competence.  

 
B. The application process that will be used (wet or dry), a description of the proposed method of 
application, and a description of the mixing and application equipment. 

 
C. Details of proposed shotcrete mixture(s), including proportions and means of supply, and test 
results of compressive strength of concrete specimens for mix designs proposed by the Contractor. 
 
D. A description of the proposed curing procedures and protection to be provided to shotcrete. 

 
E. A description of the proposed quality control testing program.  Testing of shotcrete work shall be in 
accordance with the requirements of ACI 506.2.1.6 Quality Assurance, or as otherwise specified.   
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Note the time required for this testing and approval process in developing the testing 
schedule.  Carry out the tests at curing temperatures expected to be encountered in the field. 

 
 The Engineer will either approve or reject the Contractor’s submittals within 10 calendar days 

after receipt of the complete submission.  Wall construction will not be allowed to begin nor materials incorporated 
into the work until the submittal requirements are satisfied and found acceptable to the Engineer.  Resubmit for 
approval, any changes or deviations required by the Engineer.  No adjustments in Contract time will be allowed due 
to incomplete submittals. 
 
SB-XX.5 Materials 
 

A. Portland cement shall conform to 3101, Type I.  Air entrainment is not required. 
 
 B. Water shall conform to 3906. 
 
C. Fine aggregate shall be natural siliceous and consisting of hard, clean, strong, durable and uncoated 

particles, conforming to the requirements of ASTM C 33.  Gradation shall be even from fine to coarse and 
shall be within the following limits:  

 
Sieve Size   Percent Passing 
9.50 mm (3/3 inch) 100 
4.75 mm (#4)  95-100 
2.36 mm (#8)  80-100 
1.18 mm (#16)  55-85 
600 µm  (#30)  25-60 
300 µm  (#50)  10-30 
150 µm  (#100) 2-10 
 

D. Reinforcement for surface repair shall conform to 3301 and/or 3303.  Epoxy coated or galvanized material 
may be used, but is not required.  Inserts for steel fabric shall be galvanized and of adequate length and 
strength to resist a 2250-pound pull-out force. 
 
E. No admixtures, except air-entraining admixtures, shall be added to the shotcrete without approval 
of the Engineer.  Admixtures shall contain no chlorides or other materials corrosive to steel or materials 
that may cause other detrimental effects such as cracking or spalling.  A documented history of 
demonstrated satisfactory performance in a mix of similar proportions shall be submitted to the Engineer. 

 
F. Handle, transport and store all dry shotcrete material with adequate provisions for the prevention of 
absorption of moisture.  Maintain ambient temperatures in a temperature range of 40º F to 85º F. 

 
SB-XX.6 Shotcrete Proportioning 
 
  The Contractor is responsible for shotcrete mixture proportioning.  Submit the following 
information to the Engineer for review and approval per SB-XX.4. 
  
 A. An easily identifiable mix designation, number or code. 
 

B. For a dry-mix process, batch quantities of fine aggregate, coarse aggregate, cement, expected water 
demand (to include all water from moisture in aggregates, and water added in the pre-moisturizer and at the 
nozzle) and all other shotcrete ingredients, in lbs/ft.3, based on saturated surface-dry aggregates. 

 
 C. Aggregate Source, Gradation, Relative Bulk Density and Absorption. 
 

Proportion shotcrete to meet the following minimum performance requirements:  
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TEST 
DESCRIPTION 

TEST 
METHOD 

AGE 
(Days) 

SPECIFIED 
REQUIREMENT 

Min.  
Compressive 
Strength (psi) 

ASTM C 39 
ASTM C 42 

7 
28 

4000 
5000 

Max.  Boiled 
Absorption, % 
Max Volume of 
Permeable Voids, 
% 

ASTM C 642 

7 
 

7 

8 
 

17 

 
Make allowances for the shooting orientation and rebound in shotcrete mixture proportioning. 

 
SB-XX.7   Supply and Equipment 
 

A. Batching, Mixing and Supply 
 
 Batch, mix and supply dry-mix shotcrete as dry-bagged premix material packaged in small bags of 
approximately 66 pounds each.  Dry-bagged premixed shotcrete materials shall be produced in 
conformance with the pertinent requirements of ASTM C 387.  In particular, all aggregates shall be dried to 
a moisture content of less than 0.1% by mass, based on oven drying at 220º F to 230º F. 
 
B. Shotcrete Placing Equipment 
 

1. Dry-mix Placing Equipment  
 

Shotcrete supply equipment shall be capable of discharging the dry-mix shotcrete materials 
without segregation. 

 
Pre-dampen dry-bagged premixed shotcrete materials to provide consistent moisture 

content in the range of 3% to 5% by mass in a pre-dampener, prior to discharge into the shotcrete 
gun.  Discharge of completely dry materials into the shotcrete gun will not be permitted, unless 
satisfactory performance is demonstrated in the test panel per SB-12.8C. 

   
The mixing and pre-dampening units shall be capable of producing a shotcrete mixture 

with uniform moisture content, such that the nozzle operator is not required to repeatedly adjust the 
water content at the nozzle water ring. 

 
The delivery equipment (gun) shall be capable of discharging a continuous, smooth stream 

of uniformly mixed material into the delivery hose. 
 
The discharge nozzle shall be equipped with a manually operated perforated water feed 

ring inside the nozzle.  The water valve shall be capable of ready adjustment to vary the quantity of 
water and shall be convenient to the nozzle operator. 

 
Water pressure at the discharge nozzle shall be sufficiently greater than the operating air 

pressure so that the water is intimately mixed with the pre-dampened shotcrete materials.  If the 
line water pressure is inadequate, a water booster pump shall be introduced into the water line to 
provide a steady, non-pulsating water pressure.   

 
Supply a clean, dry air supply, capable of maintaining sufficient nozzle velocity for all 

parts of the work.  The air supply shall contain a moisture and oil trap to prevent contamination of 
the shotcrete.   
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2. Wet-mix placing equipment shall include a clean, dry, oil-free supply of compressed air sufficient 

for maintaining adequate nozzle velocity at all times.  The equipment shall be capable of delivering 
the premixed material accurately, uniformly and continuously through the delivery hose.   

 
SB-XX.8 Quality Assurance and Quality Control Testing 
 
 A. Quality Control Testing 
  

Establish and maintain a quality control program for all shotcrete work.  Such a program shall 
include, but not be limited to the following: 

 
  1. Maintenance of test records for all quality control operations; 
 
  2. Wash-out testing of dry-bagged premix materials to check cementitious content and 

aggregate gradation. 
 
  3. Physical testing of the hardened shotcrete. 
 
 B. Preconstruction Trials 
 

Implement a preconstruction trial to enable the Engineer to evaluate conformance of the proposed 
materials, shotcrete mixture, equipment and crew to the Project specifications.  Acceptance of the 
preconstruction trial results by the Engineer is required prior to performance of any work on the Project. 

 
 C. Construction Testing 
 

Shoot a single construction test panel for the repair work by each nozzle operator.  The test panel 
shall be shot in the same position as the work being done.   

 
Produce a test panel in accordance with the requirements of ASTM C 1140, but with minimum 

dimensions of 18 inches x 18 inches x 4 inches deep and be constructed of wood and sealed plywood; with 
45º sloping edge forms to permit escape of rebound.  There shall be no reinforcement or embedments 
within the panel.   

 
The construction test panel shall be stored, handled and cured in accordance with 2461.4A5.  After 

curing, the panel shall be cored or cut to provide compression test specimens as described below. 
 

Cut 3-inch diameter core compressive strength test specimens from the test panel--with 
length/diameter ratios preferably 2:1 and not less than 1:1; or 3-inch cubes.  Provide two test specimens. 

 
Conduct compressive strength tests in accordance with ASTM C 42.  The mean compressive 

strength for a set of two specimens shall equal or exceed f'c.   Correct compressive strengths to equivalent 
2:1 cores, using the core correction factors in C 42.  Test one specimen at age 3 days and one specimen at 
age 28 days. 

 
SB-XX.9 Surface Preparation for Shotcreting 
 

The Engineer will locate and outline all loose, spalled and deteriorated concrete to be removed.  
Exercise care so as to not damage areas of sound concrete or reinforcing steel during concrete removal operations.  
Unless specifically directed by the Engineer, depth of removal shall not exceed 4 inches. 
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Accomplish concrete removal using one or more of the following methods: 
 
  1. Chipping with hand picks, chisels or light duty jackhammers not to exceed 15 pounds; 
 
  2. Scarifiers, scabblers or other suitable mechanical means; and/or 
 
  3. High-pressure (14,500 to 40,000 psi) water jetting. 
 

If sound concrete is encountered before existing reinforcing steel is exposed, prepare and repair the 
surface without further removal of concrete.  When corroded reinforcing steel is exposed, continue concrete 
removal until there is a minimum one-inch clearance around the exposed corroded reinforcing bar.  Take 
care to not damage bond to adjacent non-exposed reinforcing steel during the concrete removal process. 

 
If inplace reinforcement displaying deep pitting or loss of more than 20% of cross-sectional area is 

encountered, the Engineer will discuss the need for additional reinforcement with the MnDOT Bridge 
Office.  If so directed by the Engineer, remove loose reinforcement and replace with equal size bars.   
Minimum lap splice length of all replacement and new reinforcement shall be as detailed in the Plans.  In 
the case of lapped splices, do not bundle bars, but place the bars such that the minimum spacing around 
each bar is three times the maximum aggregate size or ¾-inch, whichever is larger, to allow for proper 
encapsulation with shotcrete. 

 
Taper the perimeter of all areas where concrete is removed at an approximate 45º angle, except 

sawcut the outer edges of all chipped areas to a minimum depth of 1/2-inch to prevent feather edging, 
unless otherwise approved by the Engineer. 

 
After all deteriorated concrete has been removed; prepare the repair surface to receive shotcrete by 

sandblasting or high-pressure (14,500 to 40,000 psi) water jetting.  The repair surface shall have an 
adequate surface roughness determined as three peak-to-valley measurements of 3/16 inch. 

 
Remove by sandblasting or high-pressure water jetting all fractured surface concrete and all traces 

of any unsound material or contaminants such as oil, grease, dirt, or any materials which could interfere 
with the bond of freshly placed shotcrete.    

 
Apply shotcrete to cleaned areas within 48 hours, or shall be re-blasted. 
 
Dispose of all material removed in accordance with the requirements of 2104.3C3. 

 
SB-XX.10 Shotcrete Application for Surface Repair 

 
A. General 

 
Apply shotcrete in accordance with good practice as detailed in Chapter 8, Section 8.5 of ACI 

506R.  In particular:   
 

1. Operate the nozzle generally operated at a distance of 1.5 to 5 feet from the receiving surface and 
orient at right angles to the receiving surface, except as required to fill corners, cover edges and 
encase large diameter reinforcement bars. 
 

2. Optimize the combination of air pressure at the nozzle, moisture content of the shotcrete and the 
distance of the nozzle from the receiving surface to achieve maximum compaction of the shotcrete. 
 

3. Take care while encasing reinforcement and steel fabric to keep the front face of the reinforcement 
clean during shooting operations so that shotcrete builds up from behind to encase the 
reinforcement and prevent voids and sand pockets from forming. 
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4. Continuously remove accumulations of rebound and overspray by the blowpipe operator in 
advance of the deposition of new shotcrete.  Do not reuse rebound material. 

 
B. Surface Repair 
 

All concrete surface areas to be repaired must be inspected and approved by the Engineer prior to 
application of any shotcrete.  

 
The day before shotcreting, saturate the concrete substrate within the areas to be repaired and then 

re-wet prior to shooting.  At least one hour prior to application of shotcrete, flush all surfaces to be 
shotcreted with water.  Allow wetted surfaces to dry back to a saturated-surface-dry condition prior to 
application of shotcrete.  If necessary, use a blowpipe to facilitate removal of surface water.  Only oil-free 
compressed air may be used in the blowpipe.  In the event a work stoppage longer than two hours takes 
place on any shotcrete layer prior to the time it has been built up to required thickness, re-wet the surface 
prior to continuing.  Do not apply shotcrete to a dry surface or to a surface with free water. 

 
Bring the shotcrete to an even plane and to well-formed corners by working up to ground wires or 

other guides, using a lower-than-normal placing velocity. 
 
Do not apply shotcrete during periods of rain or high wind, which could interfere with the shotcrete 

stream unless suitable protective covers, enclosures or wind breaks are installed. 
 

Exercise care to protect adjacent surfaces from build-up of rebound and overspray.  Rebound will 
not be permitted in the completed work.  Remove hardened rebound and hardened overspray prior to 
application of additional shotcrete using sandblasting, chipping hammers, high-pressure water blasting or 
other suitable techniques.   

 
Repair shotcrete surface defects as soon as possible after placement.  Remove and replace shotcrete 

which exhibits segregation, honeycombing, lamination, voids, or sand pockets. In-place shotcrete 
determined not to meet the specified strength requirement will be subject to remediation as determined by 
the Engineer. Possible remediation options include placement of additional shotcrete thickness or removal 
and replacement, all at the Contractor’s expense. 

 
For dry-mix application, carefully monitor the water ring in the nozzle for any signs of blockage of 

individual water spray holes.  If non-uniform wetting of discharged shotcrete becomes apparent, stop the 
shooting and clean the water ring or take other appropriate corrective actions. 
 

Thoroughly clean the delivery equipment at the end of each shift.  Remove any build-up of 
coatings in the delivery hose and nozzle liner.   

 
Protect the shotcrete if it must be placed when the ambient temperature is below 50º F and falling 

or when it is likely to be subjected to freezing temperatures before gaining sufficient strength.  Maintain 
cold weather protection until the in-place compressive strength of the shotcrete is greater than 725 psi.  
Cold weather protection includes blankets, heating under tents, or other means acceptable to the Engineer. 
The temperature of the shotcrete mix, when deposited, shall be not less than 50º F or more than 95º F.  
Terminate shotcrete application if the ambient temperature rises above 85º F, unless the Contractor adopts 
special hot weather shotcreting procedures that are approved by the Engineer. 

 
If the prevailing ambient conditions are such that the shotcrete develops plastic shrinkage and/or 

early drying shrinkage cracking, terminate shotcrete application and take the following action:  
 
1. Reschedule the work to a time when more favorable ambient conditions prevail; and/or 
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2. Adopt corrective measures, such as installation of sun-screens, windbreaks, surface 
evaporation retardants or fogging devices to protect the work. 

 
SB-XX.11 Shotcrete Finishing 

 
Build up the surface of the shotcrete slightly and trim to the final surface by cutting with the 

leading edge of a sharp trowel.  Remove any imperfections by floating with a rubber float.  Limit work done to the 
finished surface to correcting imperfections caused by cutting with the trowel.  Accomplish final finishing by using 
a wood float for a preliminary finish, with the final finish using a rubber float.  Trim back all shotcrete and 
overspray from adjacent non-prepared concrete surfaces.   

 
The final shotcrete surface shall not vary more than 3/8-inch from a straight line in any direction 

between adjacent inplace surfaces.  Transitions on all surfaces shall be smooth and not abrupt.  Changes or sharp 
edges will be permitted to remain.  Diamond grinding may be used to bring the hardened surface into tolerance, but 
the ground surface must not result in an objectionable appearance after final surface finishing, as determined by the 
Engineer. 

 
SB-XX.12 Shotcrete Curing 
 

On completion of finishing of a repaired area, prevent shotcrete from drying out by immediately 
fogging, wetting or applying curing compound.  Once shotcrete has attained final set, keep it continuously moist or 
cure for a minimum period of 3 days.  Accomplish moist curing using one or more of the following procedures: 
 

1. Wrap the elements in wet burlap, which has been presoaked in water for 24 hours prior to 
installation.  Wrapping the wet burlap in plastic is useful for retarding the rate of drying of the 
burlap. 
 
2. Install sprinklers, soaker hoses or other devices to keep the shotcrete surface continuously, 
wet.  The use of intermittent wetting procedures that allow the shotcrete to undergo wetting and 
drying during the curing period will not be allowed. 
 
3. Apply tinted curing compound per SB-12.5B to exposed repaired areas.  Apply other 
approved curing compounds to unexposed repaired areas. 
 

SB-XX.13 Shotcrete Acceptance 
 
  Shotcrete that does not conform to these special provisions may be subject to rejection either 
during the shotcrete application process, or on the basis of tests on the test panels or completed work. 
 
  Deficiencies observed during the shotcrete application process, such as, but not limited to: 
 
  1. Failure to properly control and remove build-up of overspray and rebound; 
 
  2. Incomplete encasement of or incomplete consolidation around reinforcement bars, steel 

fabric or anchors; 
 
  3. Incorporation of sand lenses, excessive voids, delaminations, sags, rebound, and sloughing; 

or 
 
  4. Failure to apply shotcrete to the required surface tolerance 
 

Whenever possible, perform all remedial work to correct deficiencies while the shotcrete is still 
plastic. 
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  Repair or remove shotcrete that is determined by the Engineer to be defective or non-conforming to 
the Project specifications based on evaluation of cores from the finished shotcrete.  Replace the shotcrete at no cost 
to the Department.  Repairs of non-conforming shotcrete are subject to the same testing, evaluation and acceptance 
criteria as the original repair shotcrete. 
 
SB-XX.14 Shotcrete Repair 
 
  Remove while still plastic shotcrete that is identified as being non-conforming using spades, 
scrapers or other suitable mechanical devices.  High-pressure water jetting may be used, subject to acceptable 
disposal of the removed shotcrete. 
 
  Remove hardened shotcrete that is identified as being non-conforming using the same basic 
procedures used for removal of deteriorated concrete.  Take care to avoid damage to reinforcement, steel fabric or 
anchors.  Replace any embedment damaged during the shotcrete removal process at no cost to the Department.   
 
  Place, finish, cure and protect repair shotcrete in the same manner specified for all shotcrete work.  
Apply tinted curing compound per SB-12.5B to all exposed concrete surfaces of repaired areas.  The Contractor 
shall bear the costs of all repair and tests for non-conforming shotcrete.   
 
SB-XX.15 Method of Measurement 
 

Measurement will be by area in square feet of concrete surface repaired as indicated in the Plans, 
and other areas that have been specifically designated and/or approved by the Engineer for repair by this method.  
Work outside of these designated areas will not be measured for payment.   

 
SB-XX.16 Basis of Payment 

 
Payment for Item No. 2433.618 “CONCRETE SURFACE REPAIR” will be made at the Contract 

price per square foot and shall be compensation in full for all costs of repairing the designated deteriorated concrete 
surfaces as described herein, including new reinforcement, and all incidentals thereto. 
 
 
 

























Nebraska Attachment 1 
 

SECTION 735 - SHOTCRETE 
(G-38-1015) 

 
735.01 – Description 
 
1. This work shall consist of removing unsound concrete, preparing the surfaces, and applying and curing 

shotcrete where indicated in the contract or as directed by the Engineer.  Shotcrete consists of 
pneumatically applied mortar using either the wet-mix or dry-mix process. 

 
735.02 – Material Requirements 
 
1. All materials shall conform to the requirements in Table 735.01. 
 

Table 735.01 
Material Requirements 

Applicable Materials Section 
Aggregates 1033 

Air-entraining admixture (wet mix only) 1007 

Chemical admixtures (wet mix only) 1007 

Curing material 1012 

Hydraulic cement 1004 

Pozzolans 1008 

Reinforcing Steel 1020 

 
2. Shotcrete Aggregate 
 

a. Fine aggregate shall be rounded particles conforming to AASHTO M 6 Class B including the 
reactive aggregate supplementary requirement, except as amended or supplemented by the 
following: 

 
  (1) Material passing No. 220 sieve, AASHTO T 11 3.0% max. 
  (2) Sand equivalent value, AASHTO T 176 75 min. referee method. 
 

b. Coarse aggregate shall conform to AASHTO M 80 Class B, except as amended or supplemented 
by the following: 

 
  (1) Los Angeles abrasion, AASHTO T 96 4.0% max. 

(2) Combine the aggregates to meet the designated gradation in Table 735.02. 
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Table 735.02 
Shotcrete Gradation Limits for Combined Aggregates 

 
 
Sieve Size 

Percent by Mass Passing Designated Sieve (AASHTO T27) 
Grading Designation 

A B C 
¾ inch 100 100 100 
½ inch 100 100 80-95 

3/8 inch 100 90-100 70-90 
No. 4 95-100 70-85 50-70 
No. 8 80-100 50-70 35-55 

No. 16 50-85 35-55 20-40 
No. 30 25-60 20-35 10-30 
No. 50 10-30 8-20 5-17 

No. 100 2-10 2-10 2-10 
 
3. The Contractor may elect to use reinforcing deformed steel or fibrillated polypropylene fibers conforming to 

ASTM C 1116.  The use of reinforcing shall be pre-approved by the Engineer. 
 
4. Project Submittals 
 

a. The Contractor shall submit the following to the Engineer for before the use of shotcrete: 
 

(1) Description of proposed equipment for mixing and applying shotcrete.  Include the 
manufacturer instructions, recommendations. 

  (2) Proposed shotcrete mix design with mix proportions. 
  (3) Representative samples of shotcrete material is required. 

(4) Fiber samples, if used, with supplier or manufacturer recommendations for use. 
 

b. The Contractor shall submit the following to the Engineer for acceptance at least 30 days before 
placing shotcrete: 

 
(1) Project references:  Include project name, owner’s name, and phone numbers from at 

least 3 projects of comparable nature completed in the last 2 years. 
(2) Nozzle operator’s experience and training.  For each nozzle operator, include shotcrete 

application and experience on at least two projects of comparable nature. 
(3) Shotcrete supervisor experience.  Include direct shotcrete application experience on 

comparable projects. 
(4) Testing laboratory certification.  Include documentation that the strength-testing 

laboratory complies with ASTM C 1077 and has the experience to perform the tests 
specified in this Section.  The testing laboratory shall be AASHTO accredited for ASTM C 
1077 or demonstrate the ability to perform the requisite tests. 

 
5. Storage and handling 
 

a. The Contractor shall deliver, store and handle materials to prevent contamination, segregation, 
corrosion or damage.  The Contractor shall store liquid admixtures to prevent evaporation or 
freezing. 

 
b. The Contractor shall provide geocomposite drains in rolls wrapped with a protective covering and 

stored in a manner which protects the fabric from mud, dirt, dust, debris and shotcrete rebound.  
Extended exposure to ultra-violet light shall be avoided.  The Contractor shall label each roll of 
fabric in the shipment to identify the production run. 

 
6. Composition (SHOTCRETE MIX DESIGN) 
 

a. The Contractor shall design and produce shotcrete mixtures conforming to Table 735.03 for the 
type of shotcrete specified.  The design shall use the amount of water required to produce 
shotcrete of suitable strength, consistency, quality, and uniformity with the minimum amount of 
rebound.  The Contractor shall use the same material types and sources as submitted with mix 
design in the field trials and production work. 
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b. Fibers.  IF fibers are required, the Contractor shall add them to the mix in the proportions 
recommended by the manufacturer. 

 
c. Hydration stabilizing admixtures.  Hydration stabilizing admixtures may be used to extend the 

allowable delivery time for shotcrete.  Dosage is based on the time needed to delay the initial set 
of the shotcrete for delivery and discharge on the job.  The design shall include discharge time 
limit in the dosage submittal.  The dosage required to stabilize shotcrete shall be determined using 
job site material and field trial mixtures.  The extended-set admixture shall control the hydration of 
all cement minerals and gypsum.  The maximum allowable design discharge time is 3-1/2 hours. 

 
d. If a hydration-stabilizing admixture is approved for use in the concrete mix, concrete shall be 

delivered and placed within the approved design discharge time limit.  AN approved and 
compatible hydration activator may be used at the discharge site to ensure proper placement and 
testing. 

 
e. The Contractor shall include the dosage and type of extended-set admixture with proposed mix 

design.  When requested, the admixture manufacturer shall provide the service of a qualified 
person to assist in establishing the proper dose of extended-set admixture and make dosage 
adjustments required to meet changing job site conditions. 

 
Table 735.03 

Composition of Shotcrete 

Type of 
Shotcrete Process 

Minimum Cement Content Maximum 
W/C(1) 
Ratio 

Air 
Content 
Range 
(%) (kg/m3) (lb/cy3) 

Wet 325 550 0.55 NA 
Dry 325 550 0.50 NA 

Wet (w/EA) 325 550 0.45 5 min. 
Dry (w/EA) 325 550 0.45 5 min. 
Notes:  (1) W/C = Water/Cement (by weight) 

    (2) EA = Entrained Air. 
 
7. Acceptance 
 

a. Material for concrete will be evaluated by visual inspection of the work, conformance testing and by 
certification for materials manufactured off-site. 

 
b. Compressive strength will be evaluated by ASTM C 109, Standard Test Method for Compressive 

Strength of Hydraulic Cements (Using 2 inch Cube Specimens).  Two sets of three of 2 inch cubes 
will be made daily in the field.  Three cubes will be tested and averaged for the final design 
strength of 4,000 psi in 28 days.  If the compressive strength is less than 2,000 psi at 7 days, then 
the Engineer may require the concrete to be removed and replaced.  See Table 735.04 for 
minimum sampling and testing requirements and acceptance quality category. 

 
Table 735.04 

Sampling and Testing of Shotcrete 
Material 

or Product 
Property or 

Characteristic Category Test Methods or 
Specifications 

Shotcrete 

Air content --- ASTM C 231 or 
ASTM C 173 

Compressive 
Strength II ASTM C 31 
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735.03 – Equipment 
 
1. Water Supply System.  The Contractor shall provide a water storage tank at the job site.  The Contractor 

shall provide a positive displacement pump with a regulating valve that is accurately controlled to provide 
water in the pressures and volumes recommended by the delivery manufacturer. 

 
2. Mixing.  The Contractor shall use equipment capable of handling and applying shotcrete containing the 

specified maximum size aggregate and admixtures. 
 
3. Air Supply System.  The Contractor shall use an air supply system capable of supplying the delivery 

machine and hose with air at the pressures and volumes recommended by the machine manufacturer.  The 
Contractor shall provide an air hose and blowpipe to clear dust and rebound during shotcrete application.  
Do not use air supply systems that deliver oil-contaminated air or are incapable of maintaining constant 
pressure. 

 
4. Delivery Machine.  The Contractor shall use a delivery machine capable of supplying material to the 

delivery hose at a uniform rate.  The ejection from the nozzle shall adhere to the treated surface with 
minimum rebound and maximum density when the nozzle is held in the range of 3 to 6 feet from the target 
surface. 

 
735.04 – Construction Methods 
 
1. Preconstruction Testing 
 

a. The Contractor shall conduct preconstruction shotcrete field trials before starting shotcrete 
production.  The Contractor shall allow the Engineer the opportunity to witness all phases of the 
preconstruction testing. 

 
(1) Field Trials:  The Contractor shall construct wood forms at least 6 inches thick by 2 feet 

by 2 feet in size.  The Contractor shall have each proposed nozzle operator make test 
panels on two vertical wood forms.  The test panels shall be cured according to AASHTO 
T 23, without immersing the panels.  At least one of the test panels shall include 
reinforcement. 

(2) Coring:  The Contractor shall drill nine 3 inch diameter cores from each test panel 
according to AASHTO T 24.  NDR will immediately take possession of the cores and 
deliver them to the Materials & Research Central Lab. 

(3) Compressive Strength Testing:  NDR will soak the cylinders in water for 40 hours 
immediately before testing.  NDR will test three cores from each test panel at 7 days and 
at 28 days after field trial.  NDR will perform compressive strength tests according to 
AASHTO T 23.  All specified compressive strength requirements shall be satisfied before 
the shotcrete mix design will be considered for acceptance.  Shotcrete production may 
begin after compressive strength of 4000 psi has been achieved. 

(4) Mix Design Acceptance:  The Engineer will accept or reject the shotcrete mix design 
based on the results of the preconstruction field trials, testing and materials used.  Before 
approving any changes to a previously accepted mix design, the Engineer may require 
additional preconstruction testing at no additional cost to the agency. 

 
2. Surface Preparation and Application of Shotcrete 
 

a. Surface Preparation:  The Contractor shall clean loose material, mud, rebound and other foreign 
matter from all surfaces to receive shotcrete.  The Contractor shall remove curing compound on 
previously placed shotcrete surfaces by sandblasting.  The Contractor shall install approved depth 
gauges to indicate the thickness of the shotcrete layers.  The Contractor shall install depth gauges 
on 6 foot centers longitudinally and transversely with no less than two gauges per increment of 
surface area to receive the shotcrete.  The Contractor shall sue a Type II epoxy for bonding freshly 
mixed concrete to hardened concrete. 

 
b. Weather Limitations:  The Contractor shall place shotcrete when the ambient temperature is 40º F 

or higher. 
 
 c. Shotcrete Application: 
 
  (1) Do not perform shotcrete operations during high winds and heavy rains. 
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  (2) Do not apply shotcrete to frozen surfaces. 
(3) Use acceptable nozzle operators who have fabricated acceptable test panels. 
(4) Apply shotcrete within 45 minutes of adding cement to the mixture.  Shotcrete shall be at 

a temperature between 50º F and 86º F during installation. 
(5) Direct the shotcrete at right angles to the receiving surface except when shooting ground 

reinforcing bars.  Apply shotcrete in a circular fashion to build up the required layer 
thickness.  Apply shotcrete in a steady uninterrupted flow.  If the flow becomes 
intermittent, direct the flow away from the work area until it becomes steady. 

(6) Make the surface of each shotcrete layer uniform and free of sags, drips or runs. 
(7) Limit the layer thickness of each shotcrete application to 2 inches.  Thicker applications 

may be approved if the Contractor can demonstrate that no sloughing or sagging is 
occurring.  If additional thickness is required, broom or scarify the applied surface and 
allow the layer to harden.  Dampen the surface before applying an additional layer. 

(8) Remove laitance, loose material and rebound.  Promptly remove rebound from the work 
area. 

(9) Taper construction joints to a thin edge over a distance of at least 1 foot.  Wet the joint 
surface before placing additional shotcrete on the joint.  Do not use square construction 
joint. 

 
3. Protection and Curing 
 

a. The Contractor shall protect and cure the surface according to Section 603.  For intermediate 
shotcrete surfaces or if a stained or finished final surface is required, the Contractor shall cure the 
shotcrete using an approved curing compound.  If not stain or finished surface is required, apply 
white curing compound to the final exposed shotcrete surface according to Section 603.  The 
Contractor shall protect and maintain shotcrete at a temperature above 40º F until shotcrete has 
achieved a minimum strength of 750 psi. 

 
4. Tolerances 
 

a. The minimum thickness of shotcrete and reinforcing cover requirements shall not be less than the 
design thicknesses shown on the drawings.  Care shall be taken to avoid over-excavation which 
could damage overlying shotcrete sections by undermining or other causes. 

 
735.05 – Method of Measurement 
 
1. Shotcrete will be measured by the square yard. 
 
735.06 – Basis of Payment 
 
1. Pay Item   Pay Unit 
 Shotcrete   Square Yard (SY) 
 
2. Payment is full compensation for all work prescribed in this Section. 
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JOINT AND CRACK SEALING FILLER 
(J-15-0813) 

 
Section 1014 in the Standard Specifications is void and superseded by the following: 
 
1014.01 – Description 
 
Joint sealing filler shall be either a cold applied silicone product or an asphalt product (hot pour) 
conforming to the requirements of this Section.  The type of joint filler to be used shall be as specified in 
the plans or special provisions.  If not specified, any of the joint sealing fillers in this Section may be used. 
 
Crack sealing filler shall be a hot pour sealer conforming to the requirements of this Section. 
 
1014.02 -- Material Characteristics 
 
1. NE-3405 and NE-3405LM (hot pour) 
 
 a. NE-3405 joint and crack sealer shall conform to the requirements of ASTM D6690, Type 

II.  The material shall conform to the requirements of Table 1 with the following exception: 
 
  (i) The test of Bond, non-immersed, ASTM D5329, 3 specimens through 3 cycles 

shall be run at 0°F (-18oC), 100% extension. 
 
 b. NE-3405LM (Low Modulus) joint and crack sealer shall conform to the requirements of 

ASTM D6690, Type IV.  The material shall conform to the requirements of Table 1. 
 
 c. The test of Bond, non-immersed, ASTM-D5329, will be tested on concrete blocks that will 

be constructed by the NDR Concrete Laboratory.  The concrete blocks will be made of a 
47B concrete mixture as prescribed in Section 1002 in the NDR Standard Specifications.  
The design is amended so that no fly ash is used in the mixture.  All other specifications 
for Portland Cement Concrete apply. 

 
 d. Sample conditioning, preparation and heating shall be in accordance with ASTM D 5167 

with the following exceptions: 
 
  (i) The following sentence of Section 8.1.2, “Also, if present, remove container liner 

by cutting it away”, is void and superseded by the following: 
 
    “Also, if present, as much of the polyethylene bag as possible, shall be 

removed by cutting it away.  Wholly-meltable type container in contact 
with the sample section shall be left in place.” 

 
  (ii) The last sentence of Section 8.1.2 “Solid Materials” is void and superseded by 

the following: 
 
    The entire vertical section which has been cut, shall be placed into the 

pot for melting. 
 
  (iii) The Section of 8.2.2.1 “Solid Materials” is void. 
 
  (iv) The Section of 8.2.3 is void and superseded by the following: 
 
    After the solid segment is added to the melter, the material shall be 

allowed to minimally melt to a uniform viscous state suitable for the 
installation of the stirrer or paddle.  The sample shall then be stirred for 
one full hour.  The oil bath temperature shall be regulated to bring the 
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material to the maximum heating temperature within the one hour of 
stirring. 

 
  (v) The Section of 8.2.4.1 is void and superseded by the following: 
 
    During the one full hour of stirring, check the temperature of the material 

at maximum 15 minute intervals using a Type K thermocouple with the 
calibration verified in accordance with Section 6.1.7 to ensure 
conformance with specified temperature requirements.  Stop the 
mechanical stirrer when measuring temperatures.  If material 
temperatures ever exceed the maximum heating temperature, or ever 
drop below the minimum application temperature after the maximum 
heating temperature was reached, discard the sample and re-do the 
heating.  Maintain appropriate records of times and temperatures to 
verify conformance with specification requirements. 

 
  (vi) The Section of 8.2.4.2 is void. 
 
 e. ASTM D 5329 shall include the following changes: 
 
  (i) Sections 6.4 and 12.4 “Specimen Preparation” shall have the reference of “177 

ml (6 oz.)” replaced with “3 oz.” 
 
  (ii) Section 6 “Cone Penetration, Non-Immersed” shall be superseded with the 

following exceptions: 
 
   1. Section 6.5 “Procedure” is void and superseded by the following: 
 
     Place the specimen in a water bath maintained at 77 +/- 0.2°F 

(25 +/- 0.1°C) for two hours immediately before testing.  Remove 
the specimen from the bath and dry the surface by shaking 
gently to remove free water from the surface of the specimen.  
Using the apparatus described in Section 6.3, make one 
determination at or near the center of the specimen.  Take care 
to ensure the cone point is placed on a point in the specimen 
that is representative of the material itself, and is free of dust, 
water, bubbles, or other foreign material. 

 
   2. Section 6.6 “Report” is void and superseded by the following: 
 
     Record the value as penetration of the specimen in dmm units. 
 
  (iii) Section 12 “Resilience” shall be superseded with the following exceptions: 
 
   1. Section 12.5 “Procedure”, void the sentence “Make determinations at 

three points equally spaced from each other and less than 13mm (½ 
inch) from the container rim” and supersede with the sentence “Make 
one determination at or near the center of the tin.” 

 
   2. Section 12.6 “Report” is void. 
 
2. Silicone Joint Sealer (cold applied) 
 
 a. Silicone joint sealers may be either self-leveling or non-sag and shall meet the 

requirements in Table 1014.01. 
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Table 1014.01 
Silicone Joint Sealer Requirement 

Property Requirement Test 
As supplied: 
Specific Gravity 
 Work Time, minimum 
 Tack-Free, at 25°C 
 Cure Time, at 25°C, maximum 
 Full Adhesion, maximum 

 
1.010-1.515 
10 minutes 
20-360 minutes 
14 days 
21 days 

 
ASTM D792 

As cured, at 25°C + 1.5 
 Elongation, minimum  
 Durometer 
  Non-Sag, Shore A 
  Self-Leveling, Shore 00, minimum 
  Joint Movement Capacity 
  Tensile Stress, at 150% Elongation 

 
800% 
 
10-25 
40 
+100% to -50% 
45 psi 

 
ASTM D412 
 
ASTM D2240 
ASTM D2240 
ASTM C719 
ASTM D412 

 
1014.03 -- Packaging 
 
1. NE-3405 and NE-3405LM 
 
 a. The joint and crack sealer can be packaged in either cardboard box of wholly-meltable 

type containers. 
 
  (i) Cardboard box containers shall be manufactured from double wall kraft board 

producing a minimum bursting test certification of 350 PSI (241 N/cm2) and using 
water-resistant adhesives.  The use of metal staples or fasteners of any kind will 
be prohibited for closing the lids of the boxes.  Tape or other like material is 
acceptable. 

 
   a. The joint and crack sealer shall be in meltable [300°F (149°C)] 

polyethylene bag(s). 
 
  (ii) Wholly-meltable type containers, and any of their components, shall be fully 

meltable and integrational with the joint and crack sealer by the time the 
manufacturer’s minimum application temperature is reached. 

 
   a. The wholly-melted and integrated container must not adversely affect the 

test specifications of the joint and crack sealer. 
 
2. Silicone Joint Sealer 
 
 a. Each container shall include information regarding manufacturer and product name. 
 
1014.04 -- Acceptance Requirements 
 
1. NE-3405 and NE-3405LM  
 
 a. Acceptance of the manufactured material is based on pre-approval by either on or off-site 

sampling.  Acceptable hot pour sealant lots are listed on the NDR Approved Products 
List. 

 
  (i) NDR on-site field sampling shall be in accordance with the NDR Materials 

Sampling Guide. 
 
  (ii) Off-site (Proxy) sampling shall be in accordance with ASTM D 6690. 
 
   1. Proxy sampling shall be overseen by an outside party approved by the 

NDR, preferably another DOT Agency.  Proxy samples shall include a 
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manufacturer’s Certificate of Compliance.  Proxy samples shall also 
include a dated signature of origin by the Representative that is not 
affiliated with the manufacturer, and can either be on the Certificate of 
Compliance, or separate letter. 

 
   2. For convenience in both sampling and shipping samples, sample 

containers smaller than a manufacturer’s usual production containers are 
allowed, as long as the sample is 1500 grams min. 

 
   3. Samples shall be sent to the NDR Bituminous Laboratory, or 

alternatively, sent to an NDR-approved independent laboratory for 
testing which will be at no cost to the Department.  If a NDR-approved 
independent laboratory will be used for testing purposes, the NDR 
Bituminous Laboratory must be notified so that NDR concrete blocks for 
Bond testing can be sent to it. 

 
2. Silicone Joint Sealer 
 
 a. Acceptance of applied silicone joint sealers shall be in accordance with the NDR 

Materials Sampling Guide. 
 
 b. Acceptable silicone joint sealer manufacturer products are listed on the NDR Approved 

Products List. 
 
  (i) For products that are not listed, approval may be based upon test results from an 

independent laboratory submitted to the NDR Concrete Materials Section by the 
manufacturer, and testing by the NDR.  Approval must be made prior to product 
use. 
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