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Figure 1. (Below left) 
Greensboro Bridge 
in North Carolina. 
Preparation before 

shotcreting. 
Figure 2. (Below right) 

Removal of deterio
rated concrete, J-695 

Baltimore Beltway over 
U.S. 1 in Maryland. 
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T 
his article presents the essential elements nec
essary for successful remediation of bridge 
elements. It should be noted that all struc

tural elements whether from bridges or other struc
tures can have certain commonality. However, with 
bridges, there are certain environmental character
istics that enhance the potential for di stress. Bridge 
elements have a certain sensitivity to damage caused 
by freezing and thawing of inadequately air-en
trained concrete, chloride induced corrosion, alkali 
silica reactivity (ASR), and possibly load-related 
conditions. 

D. Morgan and J. Neil (I) di scussed the perfor
mance of shotcrete repairs made on bridge elements 
(2), and prepared for the Canadian Strategic High
way Research Program (C-SHRP) the "Recom
mended Practice for Shotcrete Repairs of Highway 
Bridges." ACI Committee 506 has several docu
ments, including a specification that addresses the 
use of shotcrete. In a paper by S. Gebler, et al. (3), 
important elements are presented that should be 
considered when using shotcrete. 

Removal of deteriorated concrete and surface 
preparation are discussed, along with specific ap-

plication techniques of shotcrete and key elements 
in the specification. The need for a Quality Assur
ance/Quality Control (QA/QC) plan is set forth. 

Removal of Distressed Concrete 
Before embarking upon any repair, the engineer 
must first identify the limits of distress and deter
mine the cause of the distress. To address just the 
symptoms (spalling, cracking, etc.) it is important 
to establish the cause for distress so that appropri 
ate repairs can be affected. The repair design and 
restoration should incorporate measures that miti
gate the damage. For example, if improper drain
age caused the damage, then adequate measures to 
correct the drainage should be employed in the re
pair. In identifying damage due to corrosion related 
problems, the chloride-ion content should be deter
mined at various levels, especially at the steel rein
forcement. Knowing how deep the ch loride contami
nation penetrates the original concrete will enable 
the designer to determine the extent to which dis
tressed concrete must be removed. Further, if tests 
show that alkali aggregate reactivity (AAR) is per
vasive throughout the original concrete, the engi-
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Figure 3. Use of blowpipe to remove rebound 
for cooling tower shell repair. 

neer can obtain greater insight regarding possible 
future damage and know how to handle it. For ex
ample, anchors may be necessary to prevent delami
nation in the newly applied shotcrete. In other re
pairs, a full jacket may be required (see Ref. 2). This 
situation is discussed below under Shotcrete Appli
cations. 

Deteriorated concrete should be removed down 
to sound concrete. The surface shou ld be cleaned; 
that means no dust or loose particles on the surface 
that can interfere with shotcrete bonding. 

For corrosion-related damage, stee l reinforce
ment should be cleaned using dry sandblasting meth
ods. For areas on the backside of the reinforcement, 
the sandbl ast should ricochet off the concrete to 
clean this part of the steel. All rust and pitted steel 
should be repaired using appropriate techniques dis
cussed by IACRS, now ICRI (4) . If more than 20% 
of cross-sectional area of the steel reinforcement is 
lost, the engineer should be notified for appropriate 
resolution . The clearance behind reinforcement, and 
the concrete substrate should be at least 20 mm 
(3/4 in.) . The outer edges of the repair area should 
be sawcut to a minimum depth of 20 mm (3/4 in .) 
and tapered to sound concrete at approx imately a 
45-degree angle to reduce entrappi ng rebound at 
edges. Regardless of the type of material used for 
repair, featheredges should be avoided. Featheredg
ing leads to peeling and delamination of repairs. Fig
ures I and 2 show bridge elements being prepared 
for shotcreting. 

Very porous concrete should be kept moist for at 
least 24 hours before shotcrete app lication. For 
denser concrete, the sUifaces should be kept moist 
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for at least one hour before shotcrete application. 
In any event, the substrate surfaces should be in a 
saturated-surface dry (SSD) condition at the time 
of shotcrete application. 

Shotcrete Materials 
Shotcrete repairs on bridges are most commonly 
made using the dry-mix process. The wet-mix pro
cess can be used but is generally more applicable to 
larger volume repairs. Wet-mix shotcrete for repairs 
should have a water-cementitious materials ratio 
(W/Cm) not exceeding 0.40 by mass . Silica fume is 
recommended as a constituent of the shotcrete for 
most repairs, especiall y when low permeability of 
the repair is required. Incorporation of sili ca fume 
in shotcrete increases adhesion, enables greater 
thickness to be app li ed in a single application, and 
reduces rebound. For wet-mix shotcrete containing 
silica fume, a superplas ti cizer is strongly recom
mended . The amount of si li ca fume is generally 
between 8 and 15% by mass of cement. For wet
mix shotcrete, air-entraining admixtures should be 
used. The a ir content for the as-mixed material 
should be at least 6%. It is normal to lose air during 
shotcreting, but studies have shown that the freeze
thaw durability is not affected by some loss of air 
(5). In my opinion, and as shown in laboratory and 
field studies (6), dry-mix shotcrete does not require 
purposely entrained air to develop adequate freeze
thaw resistance. 

Choose the proper type of cement and minerals 
admixture consistent with the environmenta l con
ditions. Type II or V portland cement should be used 
in sulfate environments. Shotcrete incorporating fly 
ash, si lica fume, and slag can inhibit ASR and pro
vide resistance to sulfate attack and chloride intru
sion . Shotcrete made with rapid set accelerators can 
lose sign ificant strength and be vu lnerable to dete
rioration from freeze/thaw 
acti on (7) . 

Steel fiber can be incor
porated into shotcrete 
mixes to increase toughness 
and strengthen load-bear
ing elements. Reference 2 
and ACI 506.1 R (8) address 
the use of fibers in 
shotcrete. 

Shotcrete 
Application 
Whenever possible, shot
crete shou ld be app lied as 
a single full thickness layer. 
Application of shotcrete in 
discrete layers can resu lt in 
delaminations if surface 
preparation between layers 
is inadequate . During 

Figure 4. Repair of 
circular bridge pie~: 
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Figure 5. Pier cap being shot fo r Herbert C. Bonner Bridge in Nags Head, 
North Carolina. 

shotcre te applicati on of an area, protecti on 
of adj acent prev io us ly pre pa red a reas 
shoul d be provided to prevent contamina
ti o n du e to ove rspray. Thi s ca n be 
espec ia ll y criti cal with shotcrete contain
ing latex. 

To prevent acc umulation of reboun d 
within the repair area, a blowpipe should 
be used . Generall y, the assistant nozzleman 
operates the blowpipe . This is extra insur
ance against inco rporating un wanted re
bound into the repair which can result in 
weakened zones of porous materi al, which 
genera ll y initi ates cracks. Figure 3 depicts 
the use of a blowpipe. 

Reference 2 cautions against using ro
tar y drum tran s it mi xe r f o r dr y-mi x 
shotcre te. There is a tendency for "ball s" 

or "pe ll ets" to develop resulting in no n-ho
mogeneous and non-free fl owing materi al 
within the mi xer. 

Encapsul ati on of elements is strongly 
recommended as di scussed in References 
I and 2. The C-SHRP study (2) fo und: 

"In encapsulating elements such as pier 
caps, buttress, parapets, etc. , it is impor
tant that the shotcrete be des igned to com
pl ete ly cap the e le me nts. The C-SHRP 
study found that there was a danger of the 
shotcre te repair ac ting as a ' dam ' to pro
mote saturat ion of the ori g inal concrete 
wi th water and salts, if the shotcrete repair 
did not completely cap the ori ginal con
crete. All caps should be designed with a 
minimum 3 pe rce nt s lo pe, to preve nt 
ponding and facilitate drainage." 

Figures 4 through 8 shows shotcrete ap
plicati on and the fini shed sections of vari
ous bridges. 

Quality Assurance/Quality 
Control 
Among important elements in the shotcrete 
process, QA/QC is essenti al. Department 
of transportation official s and bridge en
gineers are vita ll y concerned with proper 
application of repairs. They want and ex
pect repairs be performed correctl y the first 
time in order to avoid a future fa ilure and 
not lose any additi onal service life of the 
structure. Thi s is important since taking a 
bridge out of service leads to inconvenience 
to the public and embarrassment to the au
thority. Therefore, stri ct QC, inspection and 
enforcement by knowledgeable inspectors 
are crucial fo r high-quality shotcre te re
pairs. The specifications must prov ide for 
removal deta il s, performance requirements 
such as strength, permeability, freeze-thaw 
resistance, and tensil e bond strength . In ad
diti on, pre-constructi on test pane ls for sub
stanti a l projec ts should be made unl ess 
proof of adequate workmanship of simjlar 
materi a ls and processes can be shown. 
Each nozzleman should be qualifi ed for 
each specifi c project unless proof of suit
able, prev ious qualif icati on can be shown. 
Test panels should be shot with the same 
amount and configurati on of the steel re
info rcement that is to be encased. In addi 
tion, panels should be made fo r all antic i
pated shooting positions. Figure 9 shows a 
preconstruction test panel being fabricated 
for a coo ling tower repair. Cores should 
be drill ed at intersections of steel to insure 
that the reinforcement is adequately encased . 

Figure 6. Restoration of hammerhead pier to original lines. Figure 7. Shotcreting provides an efficient means of rebuild
ing bridge curbing. 
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Figure 8. Completed bent. 

The next question is "What constitutes 
proper and improper encasement?" Exces
sive voids behind reinforcement will lead 
to cracks and pathways for moisture and 
salts to enter the cracks and attack the steel 
reinforcement. The core grade system, a 
quantitative method of measuring the qual
ity of shotcrete, originally developed by T. 
Crom (9) , should be used for acceptance/ 
rejection of nozzleman workmanship. This 
system is incorporated into the new ACI 
506.2 specification. Generally, for struc
tural grade quality an average core grade 
exceeding 2 should be considered unac
ceptable. This system can be used when 
checking in-place shotcrete quality. How
ever, the specification should address this 
system if it is to be used for acceptance/ 
rejection, e.g., incorporate the criteria so 
the contractor knows what is expected. 

ACI 506.2 and C-SHRP (2) provide the 
details for an adequate specification. How
ever, the C-SHRP document is not in man
datory specification language. There is an 
AASHTO Task Force 37 publication avail
able which provides good guidance to the 
design engineer writing specifications for 
shotcrete repair of highway bridges. 

There is considerable discussion within 
the industry on the use of use the core grade 
system. Use of the core grade system by 
knowledgeable shotcrete technologists is 
a valuable tool. Specifying the core grade 
system also alerts the contractor as to the 
quality of shotcrete that is expected. Us-

Figure 9. Shoot in!? of preconstruction panel{or coolin!? tower 
shell revair. 

tification of quality for the specifications. 
If an area within the as-shot material is 
suspected as faulty, the core grade system 
can be used to assess the quality of 
workmanship. 

Tensile bond tests (see Figure 10) (3) 
provide a useful tool to measure the bond 
between the shotcrete and substrate. How
ever, if this test is used, the engineer should 
understand the meaning of the values ob
tained. Preliminary tests may be required 
before drafting the specification to deter
mine minimum acceptable values. If the 
tensile bond test is used, careful interpre
tation of the test results is required, depend
ing upon obtained test values and location 
of failure, i.e. , in the substrate, at the bond 
line, or in the shotcrete. Outright rejection 

Test Core 

of low values may be inappropriate with
out consideration of the location of the 
failure and the properties of the substrate 
material. 

One final comment is the judicious use 
of tolerances and aesthetics. Engineers 
need to be cognizant that closer tolerances 
and aesthetics require more money. For 
repairs where the public may not observe 
the repair or the structure is in a rural area, 
greater tolerances or less appealing aesthet
ics may be satisfactory. In developing aes
thetic and tolerance requirements, the en
gineer should keep in mind the costs asso
ciated with those requirements. 

Continued on p. 30 

Pull-Off Force, F 

ing the core grade system is a fair method Substrate 
to assess quality by the owner, contractor, 
and engineer. Many current specifications Pull-Off Strength = F/A 
do not adequately address what constitutes 
causes for rejection of defective shotcrete. 
The core grade system provides for quan- Figure 10. Schematic of tensile bond pull-off strength test. 
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Summary 
This paper discusses the importance of 
proper application of shotcrete for repairs 
to bridges. Suitable removal and surface 
preparation of the deteriorated concrete is 
critical. Proper mix constituents, as well 
as application, are critical to satisfactory 
in-place shotcrete. The specifications 
should address pre-construction qualifica
tion of nozzleman and materials. Where ap
plicable, the core grade system should be 
used to determine acceptance/rejection cri
teria.!.._, 
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