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Please note that these conversion tables are approximate. They can be used by 
characterizing the soil as being either predominately granular or cohesive. If possible, the 
conversion of the Penetration Index (N value) should be checked by using is-situ or 
laboratory tests. 

Table C-1.  Approximate Values for N,  and Unit Weight for GRANULAR SOILS 
VERY 
LOOSE 

VERY 
DENSE COMPACTNESS LOOSE MEDIUM DENSE 

Relative Density, Dd 15% 35% 65% 85% 

Standard Penetration 4 10 30 50 Resistance, N = Blows/ft* 

Angle of Internal Friction,  28 30 36 41 

Unit Weight (PCF) 
Moist 100 95-125 110-130 110-140 130+ 

Submerged 60 55-65 60-70 65-85 75+ 

VERY LOOSE:  A reinforcing rod can be pushed into soil several feet. 
DENSE:  Difficult to drive a 2x4 stake with a sledge hammer. 

*N = Blows/Ft as measured by the standard penetration test (See Appendix B).

0 −eRelative Density, Dd =  max  x 100
0max−0min

e = existing void ration of mass being considered. 

emax = void ratio of same mass in its loosest state.

emin = void ration of same mass in its most compact state.
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Table C-2.  
Approximate Values 

for N, qu and Unit 
Weight for 

COHESIVE 
SOILSCONSISTENC

Y 
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VERY 
SOFT 

 

SOFT MEDIUM STIFF 
VERY 
STIFF HARD 

qu = unconfined comp. 
strength (PSF) 

 
500 1000 2000 4000 8000  

Standard Penetration 
Resistance, N – Blows/Ft * 

 2 4 8 16 32  

Unit Weight (PCF) 
Saturated 

 100-200 110-130 120-140 130+ 

 

 
 
 
 
 
 

VERY SOFT: Exudes from between fingers when squeezed in hand. 
SOFT: Molded by light finger pressure. 
MEDIUM: Molded by strong finger pressure. 
STIFF: Indent by thumb. 
VERY STIFF: Indent by thumb nail. 
HARD: Difficult to indent by thumb nail. 
*N = Blows/ft as measured by the standard penetration test 
(See Appendix B) 

To be used only as a rough guide. 
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http://www.dot.ca.gov/hq/esc/ctms/ctmsindex100.html 

https://dot.ca.gov/-/media/dot-media/programs/engineering/documents/californiatestmethods-ctm/ctm-112-a11y.pdf
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Throughout the 1990’s Caltrans underwent a massive seismic retrofit program. Retrofits 

of footings designed and built prior to 1973 were required to address deficiencies. These 
retrofits required the installation of a top mat of reinforcing steel (Figure C-1) to address 
tensile loads at the top of the footing due to seismic forces. In some cases footing 
dimensions were increased and/or perimeter piles added (Figure C-2). These additional 
piles provide additional resistance to bending moment in the structure and provide 
additional restraint against rotation. Typical spread footings seismic retrofits are shown in 
the Figures below. 

Figure C-1.  Seismic Retrofit Strategy – Add Top Mat. 
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Figure C-2.  Seismic Retrofit Strategy – Enlarged Footing. 




