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Seismic 
Retrofit of 
Littlerock Dam

Shotcrete overlay does 
the job...

Photograph by Frank Collett
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Fig. 1: Sandblasted concrete in 
the arch barrels. The profile gauge 
was used for measuring the surface 
roughness profile. Note the exposed 
texture of the prepared surface

Fig. 2: Typical surface roughness 
profiles
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Fig. 3: General view of shotcrete application from a boomlift to test panel

Fig. 4: Installed bond pull-off test 
apparatus
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Fig. 5: Typical load vs. deflection curves in flexural toughness tests

Table 1: Preconstruction shotcrete core test results (at age 21 days)

Sample 
orientation

Compressive 
strength, 

MPa (psi)

Absorption after 
immersion and 
boiling, percent

Volume after 
permeable voids, 

percent
Inclined 42.8 (6200) 5.3 11.8

53.0 (7690) — —
51.1 (7410) 5.2 11.6

Avg. 49.0 (7080) 5.3 11.7
Vertical 49.2 (7140) 5.1 11.5

46.3 (6720) — —
47.8 (6930) 5.2 11.5

Avg. 47.8 (6930) 5.1 11.5
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Fig. 6: Anchors and reinforcing steel installed on the face of the dam
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Table 2: Mixture proportions for the 
shotcrete overlay

Material Design mass,
lb/yd3 (kg/m3)

Type II portland 
cement

682 (405)

Silica fume 70 (41)
Coarse aggregate

(3/8 in. SSD)
820 (486)

Sand (SSD) 1900 (1127)
Water 338 (200)

Water-reducing 
admixture

2 oz per 100 lb ce-
ment (125 mL per 
100 kg cement)

Superplasticizer
12 oz per 100 lb 

cement (750 mL per 
100 kg cement)

*Air-entraining 
admixture

3.30 oz per 100 lb 
cement (205 mL per 

100 kg cement)
Dramix ZC 30/.50 

steel fibers
100 (60)

TOTAL 3915 (2320)
*as required for: 

8 to 10 percent air content as batched 
4 to 6 percent air content as shot 

Fig. 7: Shotcrete finishing using a 
long-handled metal bullfloat
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Fig. 8: General view of shotcrete repair with installed curing blankets
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