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Project qualitative benefits 

➢ Florida has significant soil/rock uncertainty (layering & 

properties), karst features (sinkholes) as well as 

weathered conditions (soil & rock interleaved) with less 

than 0.1% of soil/rock tested (SPT) on a site. 

➢ New SPT-seismic method allows high-resolution 3D 

imaging over large volumes. Soil/rock properties can be 

characterized at 2-ft pixels across a large 3D domain, 

extending up to 60 ft from the borehole to any depth 

reached during SPT. 
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Project quantitative benefits 

➢ The new SPT-seismic method significantly 

reduces soil/rock uncertainty (layering, 

properties, anomalies), and thus reduces 

cost in the design, construction and 

maintenance of FDOT structures.   

➢ For instance, in case of 60 ft void near the 

planned I-395 pier - foundation may be 

either relocated or the planned foundation 

element (auger cast) may be changed 

(e.g., steel cased drilled shaft) 

➢ The method can significantly reduce the 

number of invasive tests required for deep 

foundation design. Any pile group/bridge 

piers can be designed with a single SPT. 

void 

I-395 Miami site 

with 60 ft void 



Implementation 

➢ GUI software for SPT-seismic method has been 

developed and transferred to FDOT for future use. 

➢ Collect seismic data induced by SPT hammer during 

SPT testing 

➢ Perform analysis of 3D SPT-seismic data 

▪ S-wave and P-wave velocities (moduli) of 3D grid 

▪ Identification of layering, anomalies, etc. 

➢ Correlate seismic results to SPT-N values for design 

purposes 
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Introduction and project background 

Problem 
➢ Unexpected site conditions 

cause significant problems 
during and after construction 
of infrastructures. 

➢ Structural collapses that lead 
to significant property damage 
and even fatalities 

Site investigation 
➢ Typical invasive testing SPT, 

CPT – tests < 0.1% of material 

➢ SPT-seismic method can test 
over large volume of materials 

➢ Soil/rock property and 
stratigraphy, and buried   
voids/anomalies Sinkhole collapses in Florida 
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Introduction and project background 

➢ Surface-based 3D full 

waveform inversion (FWI) 

method can be used to identify 

a buried void to a depth of a 

few void diameters, up to 60 ft 

depth. 

➢ Deeper voids are difficult to 
image due to wave attenuation 
with depth. 

➢ SPT-seismic testing uses SPT 
rig as in-depth seismic source 
to increase depths of 
investigation. 

Surface-based 3D FWI at Newberry 

void 

void 

Mirzanejad M., Tran K.T., McVay M., Horhota D. and 

Wasman S. (2020), “Sinkhole detection with 3D full seismic 

waveform tomography” Geophysics, Vol. 85 (5). 
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Benefits of SPT-seismic approach 

➢ Good energy from SPT hammer 

➢ Wavefield is rich of body waves, emitted within 
rock mass for high-resolution imaging at deeper 
depth 

➢ SPT-source seismic data can be acquired 

without the requirement of separate geophysical 

boreholes. 

➢ Require a smaller test area on the ground 

surface, and applicable in cases of limited test 

areas (right of ways, urban settings) 

➢ Provide 3D subsurface image around SPT 

location 
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➢ Develop a 3D SPT-seismic FWI algorithm and GUI 

software for geotechnical site characterization. The method 

will provide 3D high-resolution images of substructures to 

any SPT depths (> 100’). 

➢ The GUI is transferred to FDOT for future site 

investigations. It can be used for imaging void/ 

problematic soils, characterizing soil/rock properties, and 

correlating to SPT-N values for design purposes. 

Project objectives 



Task 1: Develop 3D Seismic-SPT FWI algorithm 
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➢ Develop the 

code to run on 

a regular 

desktop 

computer 

➢ Hybrid time-

frequency FWI 

analysis   
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3D Seismic-SPT FWI method 
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➢ Time-domain wave modeling 

PML is used at bottom and 4 vertical boundaries. 
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3D Seismic-SPT FWI method 

➢ Frequency-domain inversion by Gauss-Newton 

Filter, focus, balance gradient vector, 

as a weighting function 

▪ Velocity residual ∆෩ 𝒅s,r=෩ 𝑭s,r m −෩ 𝒅s,r 

▪ Misfit function E(m)= 
1 

2 
∆෩ 𝒅

2 
= 
1 

2 
∆෩𝒅𝑡 ∆෩ 𝒅

▪ Model updating 

m n+1=m n − α n ෨J 𝑡 ෨ J + λ1P
𝑡P + λ2I

𝑡I −1 ෨J 𝑡 ∆෩𝒅 

Reduce RAM from 1 TB to 128 GB 
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▪ Two voids at 40 and 60 ft 

depth 

▪ Surface area of 120 x 60 

ft, depth of 80 ft 

▪ 72 receivers located in 6 x 

12 grid at 10 ft spacing 

▪ Source at depths of 4 ft 

intervals to 50 ft depth 

▪ Borehole does not 

intersect with both voids 

Synthetic experiment 
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Synthetic experiment 

▪ Basic initial model Vs 

increasing with depth 

▪ Waveform data at 6 

frequencies (15, 20, 25, 

30, 35, 40 Hz) 

▪ 12 hours on a desktop 

computer (32 cores of 

3.4 GHz) 
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Synthetic experiment 

Initial 

waveform 

comparison 

Final 

waveform 

comparison 
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Synthetic results 
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Task 2: Optimize testing configurations 

Synthetic tests 

▪ Two models of 60×60×70 ft, 

80×80×100 ft with voids 

▪ 2D receiver grid at 10 to 25 ft 

spacing, 

▪ Source at 2-10 ft spacing 

(SPT interval) 

▪ Data at 10 to 50 Hz 
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Optimize testing configurations 

➢ Optimal configuration 

▪ 2D receiver grid at 10 to 

15 ft spacing 

▪ Source at 4 ft spacing to 

full depth 

▪ Data at 15-40 Hz 

16 receivers at 22 ft spacing 

64 receivers at 10-ft spacing 
36 receivers at 15-ft spacing 
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Site 1: Newberry site 

▪ Two areas of 120 x 60 ft 

(36 x 18 m) 

▪ 72 geophones located 

in 6 x 12 grid at 10 ft 

spacing 

▪ SPT-seismic source at 

depths of 2-5 ft intervals 

to 62 ft depth 

▪ Trigger is attached to 

SPT rod to activate 

seismograph 

Task 3: Verify 3D Seismic-SPT FWI algorithm 

with field experiments 
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Newberry site: data analysis 

Initial model 

➢ First run at 15, 20, 25 Hz 

➢ Second run at 30, 35, 40 Hz 

Data of 62 ft-depth blow 
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Newberry site: data comparison 

Blow at 

33-ft depth 

Blow at 

62-ft depth 
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Newberry result: zone 1 
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Newberry result: zone 1 

Void 

SPT 
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Newberry result: zone 2 
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Newberry result: zone 2 

Void 

SPT 

Loss of circulation 
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▪ 72 geophones located in 6 x 

12 grid at 10 ft spacing 

▪ SPT to 52 ft 

Site 2: Bell site 

Data at 52 ft depth 



Bell site result 
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Bell site result 

SPT 

Loss of circulation 
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▪ 72 geophones located in 6 x 

12 grid at 10 ft spacing 

▪ SPT to 58 ft 

Site 3: Kanapaha site 



Kanapaha site result 
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Kanapaha site result 

SPT 

WH 
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SPT N-value and Vs correlation 



HGS Demonstration 
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Site 4: Lawrence, KS 

Data collection 

▪ 24 channel seismic system 

(provided by KDOT) 

▪ Surface area of 40 x 60 ft 

▪ 24 geophones in 4 x 6 grid 

at 10 ft spacing 

▪ SPT-seismic source at 

depths of 5 ft intervals to 23 

ft depth 

▪ Trigger is attached to SPT 

rod to activate seismograph 

Data analysis 

40 x 60 x 40 ft, 2.5 pixels, 

3 hours of computer time 

SPT spoon at 23 ft depth 



Lawrence site: data comparison 
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SPT spoon at 3 ft depth SPT spoon at 8 ft depth 

SPT spoon at 13 ft depth SPT spoon at 18 ft depth 



Lawrence site result 
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SPT 



Geometry 

Data conditioning 

1 

2 

Task 4: Develop GUI software for data 

processing and analysis 

Analysis 3 



➢ Define Required Parameters for Data Analysis Including 3D Visualizations 

Geometry input 



Data condition 



Data Analysis 
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SPT 

Lawrence, KS 



Summary of research conclusions 

➢ The 3D SPT-seismic method provides new 

capabilities for subsurface imaging. 

➢ Soil/rock properties and voids can be characterized 

at 2-ft pixels over a large 3D volume, up to 60 ft 

around SPT (20 ft beyond SPT depth). 

➢ Requiring a single borehole for 3D imaging, SPT-

seismic method is a cost effective and efficient tool 

for site characterization. 
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Recommendations 

➢ SPT-seismic technique should be 

used whenever SPT is conducted. 

➢ 2D receiver geophones at 10 ft 

spacing 

➢ Sampling seismic data at SPT 

intervals of 2-5 ft to full depth 

➢ Use data at 15-40 Hz for analysis 



Further research needed 

➢ Automate SPT-seismic method and validate its applicability across 

various geological conditions for widespread use 

➢ The current software relies on manual data conditioning (checking 

individual channels and removing poor data) and requires multiple 

processing steps, making it time-consuming, labor-intensive, and 

somewhat subjective to users’ judgement. 

➢ Machine-learning algorithms can be implemented to automatically 

condition data by enhancing signals, applying filtering and windowing. 

This will help reduce manual intervention, resulting in repeatable and 

consistent results. 

➢ With automation, software users could upload the entire dataset of all 

SPT blows into software and obtain 3D images of P-wave and S-wave 

velocities for visualization and interpretation of the subsurface. 
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Thank You! 

Questions & Answers 
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