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Table 5-13: Characteristics and Results of SE Field Test for Pile 3 

 

Table 5-13 indicated reliable and consistent results for the data obtained 

from both accelerometers when hard and medium hard tips were used in providing 

the impact at the wood wedge (block). The results obtained from striking the 

aluminum wedge showed an unreliable assessment for pile depth for all types of 

tips. The velocity trace indicated an unclear initial impulse and echo when the 

aluminum block was used. Therefore, all results that were obtained from striking 

on the aluminum block are neglected for the same reasons as that indicated in 

section 5.2.3.2. The velocity traces for tests m25, m26, and m27 that obtained from 

accelerometer 1 are presented in Figures 5-45 to 5-47, respectively. 

 
Figure 5-45: Velocity Trace of SE Test No. m25 Using Hard Tip- Wooden Block 
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Figure 5-46: Velocity Trace of SE Test No. m26 Using Hard Tip- Wooden Block 

 

Figure 5-47: Velocity Trace of SE Test No. m27 Using Hard Tip- Wooden Block 

Figures 5-45 to 5-47 indicate typical and clear initial results in the impulse 

and echo data obtained from accelerometer 1. However, Figure 5-48 shows two 

concavities in the initial impulse for unknown reasons. However, when an 

aluminum wedge was used, it was difficult to recognize the first echo clearly 

because multiple concavities appeared in the velocity trace; This may have 

occurred due to an inadequate connection between the aluminum wedge and pile 

surface which could cause a sliding. In conclusion, it is not recommended that the 

aluminum block be used in SE tests because of the resulting frequent unreliable 

data that make it impossible to identify the time lapse ∆t. The average total depth 

of Pile 3 that was assessed using the data that were obtained from accelerometer 

1 is 25 feet, and the average buried depth is 14 feet. 
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Figure 5-48: SE Test No. m32 Using Medium Hard Tip & Aluminum Block Shows Unclear Initial 

Impulse 

 

5.2.3.5 Pile 14 

Pile 14 is located at the west side of the bridge as shown in Figure 3-19. Six 

SE tests were conducted on Pile 14, using the hard hammer tip only. The strikes 

were conducted downward at point A and at the wooden wedge. Two 

accelerometers were used, accelerometer 1 was connected to channel 5 and 

accelerometer 2 to channel 6, and the distance between the accelerometers was 

1.5 feet, as shown in Figure 5-49. Table 5-14 shows the characteristics and results 

of the SE field tests for Pile 14.  

 

Figure 5-49: SE Test Setup for Pile 14 of Bridge #6922 
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Table 5-14: Characteristics and Results of SE Field Test for Pile 14 

 

Table 5-14 shows that the average assessed total depth of Pile 14 is 16 

feet, which is an inconsistent length, as compared to the previous depths of piles 

1, 2, and 3. The reason of this discrepancy is due to the presence of a large 

longitudinal crack located along Pile 14, as shown in Figure 5-50. This large crack 

may have disrupted the path of the wave causing an internal reflection. Table 5-15 

summarized the average total and buried depths of tested piles for Bridge #6922. 

 
Figure 5-50: Longitudinal Crack Along Pile 14 

Δt (μs) Lt (ft.) Lb (ft.) Δt (μs) Lt (ft.) Lb (ft.)

m37 Hard A -Downward 1800 16.83 7.58 1840 18.63 9.38

m38 Hard A -Downward 1620 15.48 6.23 1760 18.03 8.78

m39 Hard A -Downward 1620 15.48 6.23 1740 17.88 8.63

m40 Hard Wood Block-Downward NS NS NS NS NS NS

m41 Hard Wood Blocke-Downward NS NS NS NS NS NS

m42 Hard Wood Block-Downward 1720 16.23 6.98 2020 19.98 10.73

Test No
Hammer 

Tip's Type 
Direction of  Strike

Accelerometer 1 Accelerometer 2
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Table 5-15: Piles Depths Assessment for Bridge #6922 

 

5.2.4 Bridge #1190 SE Field Test Results 

SE tests were conducted on eight piles of Bridge #1190 in order to study 

the outcomes that obtained from acquisition platform equipment. Piles 1, 

8,10,15,19,21, A and B were selected to be tested. However, only the date that 

obtained from conducting SE tests on Pile 8 and Pile 21 will be reviewed and 

discussed, for brevity and to avoid repeating discussion of the results of piles that 

have similar test characteristics to those mentioned previously. These two piles 

were selected because they have different characteristics from piles already 

discussed. Pile 8 has 4 inches of visible space at the pile top edge, which provided 

the capability to strike the pile top directly. In addition, the location of Pile 21 is 

such that the intermediate bent of the bridge cuts the stream path, which provided 

an opportunity to study the influences of water pressure and sound on SE test 

results. 

5.2.4.1 Determination of Wave Velocity Within Timber Pile 

  The Bridge #1190 has the same characteristics as Bridge #6922, as well as 

the same pile dimensions, joined girder type, and also pile type.  Therefore, the 

Pile No.
Assessed Total Pile 

Depth (ft.)

Assessed Buried Pile 

Depth (ft.)

Pile 1 25 16

Pile 2 22.4 13

Pile 3 25 14

Pile 14 16 7

Pile 15 16 7

Pile A 15 9.3
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same average wave velocity (15000 ft./sec) that was used to determine the piles 

depths of Bridge #6922 was also used to assess the piles depths of Bridge #1190.  

5.2.4.2 Pile 8 

Pile 8 is located at the west side of the bridge, as shown in Figure 3-21. Six 

SE tests were conducted on Pile 8 and three types of hammer tip were used for 

providing the impact: hard, medium hard, and medium soft. The top edge of the 

pile was accessible so that the direction of the striking applied was vertically 

downward at point A on the top of the pile’s edge. One accelerometer was used 

and connected to channel 6.  Figure 5-51 illustrates the details of SE test setup for 

Pile 8. Table 5-16 shows the characteristics and results of the SE field tests for 

Pile 8. The same procedure that was used to estimate the total depth Lt and buried 

Lb depth was followed to estimate Bridge #1190 piles. Examples of the results that 

were obtained from the accelerometer for tests t14, t17 and t18 are presented in 

Figures 5-52 to 5-54, respectively.  

The initial impulses and initial echoes are obvious in all velocity traces when 

hard, medium hard, and medium soft hammer tips were used. Thus, these figures 

indicated reliable data for all types hammer tips when the strike is conducted at top 

of the pile’s edge. Hence, the results indicate that the average total depth of Pile 8 

is 24 feet and the average buried depth is 17 feet. 
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Figure 5-51: SE Test Setup for Pile 8 of Bridge #1190 

Table 5-16: Characteristics and Results of SE Field Test for Pile 8 

 

 
Figure 5-52: Velocity Trace of SE Test No. t14 Using Hard Tip- On Pile Top Edge 

Δt (μs) Lt (ft.) Lb (ft.)

t14 Hard A -Downward 2640 20.9 14.2

t15 Hard A -Downward 2660 21.05 14.35

t16 Med-hard A -Downward 2640 20.9 14.2

t17 Med-hard A -Downward 2980 23.45 16.75

t18 Med-soft A -Downward 3060 24. 5 17.35

t19 Med-soft A -Downward 3080 24.2 17.5

Test No
Hammer 

Tip's Type 

Direction of  

Strike

Accelerometer
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Figure 5-53: Velocity Trace of SE Test No. t17 Using Medium Hard Tip- On Pile Top Edge 

 
Figure 5-54: Velocity Trace of SE Test No. t18 Using Medium Soft Tip- On Pile Top Edge 

5.2.4.3 Pile 21 

Pile 21 is located at the intermediate bent of the bridge, as shown in Figure 

3-21. Twenty-four SE tests were conducted on Pile 21 in order to study the 

influence of water pressure and sound on the SE test results. This pile is located 

in a natural soil moisture zone. Four types of hammer tips were used for striking 

the pile: hard, medium hard, medium soft, and soft. The top of the pile cap is 

accessible, so the strikes are conducted downward on the pile cap at point A. Also, 

vertically upward strikes are applied on the pile cap at point B. For these SE tests, 

two accelerometers were attached and used, accelerometer 1 was connected to 

channel 6 and accelerometer 2 to channel 7. The distance between the 

accelerometers was 3.5 feet. Figure 5-55 illustrates the details of the SE test setup 
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for Pile 21. Table 5-17 shows the characteristics and results of the SE field test for 

Pile 21. The results obtained from accelerometer 1 for tests c1, c5, c7 and c10 are 

presented in Figures 5-56 to 5-59, respectively. 

 

Figure 5-55: SE Test Setup for Pile 21 of Bridge #1190 
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Table 5-17: Characteristics and Results of SE Field Test for Pile 21 

 

 
Figure 5-56: Velocity Trace of SE Test No. c1 - Using Hard Tip- A Downward- Ch6 

Δt (μs) Lt (ft.) Lb (ft.) Δt (μs) Lt (ft.) Lb (ft.)

c1 Hard A -Downward 3280 25.6 15.1 3100 27.75 17.25

c2 Hard A -Downward 3340 26.05 15.55 3480 30.6 20.1

c3 Hard A -Downward 3520 27.4 16.9 3480 30.6 20.1

c4 Med-hard A -Downward 3220 25.15 14.65 3280 29.1 18.6

c5 Med-hard A -Downward 3300 25.75 15.25 3220 28.65 18.15

c6 Med-hard A -Downward 3260 25.45 14.95 3260 28.95 18.45

c7 Med-soft A -Downward 3280 25.6 15.1 3360 29.7 19.2

c8 Med-soft A -Downward 3560 27.7 17.2 3660 31.95 21.45

c9 Med-soft A -Downward 3500 27.25 16.75 3460 30.45 19.95

c10 Soft A -Downward 3480 27.1 16.6 3520 30.9 20.4

c11 Soft A -Downward 3540 27.55 17.05 3520 30.9 20.4

c12 Soft A -Downward 3540 27.55 17.05 3460 30.45 19.95

c13 Hard B -Upward 2960 23.2 12.7 3120 27.9 17.4

c14 Hard B -Upward 3000 23.5 13 3100 27.75 17.25

c15 Hard B -Upward 2980 23.35 12.85 3040 27.3 16.8

c16 Med-hard B -Upward 3100 24.25 13.75 3040 27.3 16.8

c17 Med-hard B -Upward 3040 23.8 13.3 2980 26.85 16.35

c18 Med-hard B -Upward 3120 24.4 13.9 3000 27 16.5

c19 Med-soft B -Upward NS NS NS 3040 27.3 16.8

c20 Med-soft B -Upward 3160 24.7 14.2 2980 26.85 16.35

c21 Med-soft B -Upward 3100 24.25 13.75 2920 26.4 15.9

c22 Soft B -Upward NS NS NS NS NS NS

c23 Soft B -Upward NS NS NS NS NS NS

c24 Soft B -Upward NS NS NS NS NS NS

Hammer 

Tip's Type 

Direction of  

Strike

Accelerometer 1 Accelerometer 2
Test No
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Figure 5-57: Velocity Trace of SE Test No. c5- Using Medium Hard Tip- A Downward- Ch6 

 
Figure 5-58: Velocity Trace of SE Test No. c7- Using Medium Soft Tip- A Downward- Ch6 

 
Figure 5-59: Velocity Trace of SE Test No. c10- Using Soft Tip- A Downward- Ch6 

The velocity traces that obtained from accelerometer 1 present reliable and 

reasonable data set for all tests c1, c5, c7 and c10. Hence, hard, medium hard, 

medium soft, and soft hammer tips can achieve successful test results with good 

data when the pile is struck at point A. In conclusion, the data obtained from 

accelerometer 2, if mounted far from the source of energy, indicates longer time 

differences ∆t which lead to assessing greater depths. The average total and 
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buried depths of Pile 21 as assessed from data obtained from accelerometer 1 are 

26.5 feet and 16 feet, respectively. Whereas, the average total and buried depths 

of Pile 21 that were computed from data obtained from accelerometer 2 are 30 feet 

and 19.5 feet, respectively.  

The results of the SE tests obtained from the accelerometers, when the 

strikes were conducted upward at point B, were consistent and reliable except 

when the soft tip was used. When the softer hammer tip was used, the data 

presented an unclear echo which complicates the interpretation of the velocity 

trace. The average total and buried depths of Pile 21 that were obtained from 

accelerometer 1 (when the upward strikes were conducted) are 26 feet and 16 

feet, respectively. Furthermore, the average total and buried depths of Pile 21 that 

were determined from the data obtained from the accelerometer 2 are 27 feet and 

17 feet, respectively. 

Figures 5-60 to 5-63 illustrate examples of data obtained from 

accelerometer 1 when the strikes were conducted upward at point B using all types 

of hammer tips.   

 
Figure 5-60: Velocity Trace of SE Test No. c14 - Using Hard Tip- B Upward- Ch6 
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Figure 5-61: Velocity Trace of SE Test No. c17- Using Medium Hard Tip- B Upward- Ch6 

 
Figure 5-62: Velocity Trace of SE Test No. c20- Using Medium Soft Tip- B Upward- Ch6 

 
Figure 5-63: Velocity Trace of SE Test No. c22 - Using Soft Tip- B Upward- Shows Unclear Echo 

Table 5-18 summarizes the average total and buried lengths of tested piles for 

Bridge #1190. 
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Table 5-18: Piles Depths Assessment for Bridge #1190 

 

5.3 Validation of SE Test Results 

A total of 18 timber piles from different bridges were tested using Olson 

Freedom Data PC equipment. Here, the SE field test data, obtained from testing 

Pile 1 of Bridge #6922, were selected for equipment evaluation and validation 

testing of the results using resonant frequency analysis. Figures 5-64 to 5-66 

indicate resonant frequency data obtained from accelerometer 1 which was 

connected to channel 5. The SE tests were conducted on the top of timber piles 

using different hammer tips. From these figures, the resonant frequency spacing 

(∆f) can be estimated to equal 317 Hz. Then the total and buried depths of Pile 1 

were computed as shown in Table 5-19 using Eq. 3.6 and Eq. 3-7. The estimated 

depth of Pile 1 using the resonant frequency analysis approach is consistent and 

reliable, and the values were close to those estimated depths that obtained from 

using the time domain analysis. Thus, the results that were obtained from the SE 

filed tests could be evaluated and validated by using resonant frequency that 

obtained from Impulse Response Mobility plots. 

 

Pile No.
Assessed Total Pile 

Depth (ft.)

Assessed Buried Pile 

Depth (ft.)

Pile 1 25.4 18

Pile 8 24 17

Pile 10 25 18

Pile 15 NS NS

Pile 19 34 24

Pile 21 26 16

Pile A 24 18

Pile B 19 14
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Figure 5-64: IR Mobility Plot for Test No. m1 Using Hard Tip- Pile 1- Bridge #6922 

 
Figure 5-65: IR Mobility Plot for Test No. m5 Using Medium Hard Tip- Pile 1- Bridge #6922 

 
Figure 5-66: IR Mobility Plot for Test No. m7 Using Medium Soft Tip- Pile 1- Bridge #6922 
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Table 5-19: Validation of the Pile 1 Depths Using Resonant Frequency Approach 

 

  The percentage of successful SE tests can be calculated using the 

following formula: 

Percentage of Successful =
Number of Successful Attempts

Total Attempts
 X 100                 5.1 

Percentage of Successful =
17

18
 X 100 = 94% 

 

 

 

 

 

Δf (Hz) Lt (ft.) Lb (ft.) Δt (μs) Lt (ft.) Lb (ft.)

m1 317 25.7 16.4 3000 24.5 15.25

m2 317 25.7 16.4 3000 24.5 15.25

m5 317 25.7 16.4 2840 23.3 14.05

m6 317 25.7 16.4 2960 24.2 14.95

m7 317 25.7 16.4 3100 25.25 16

m8 317 25.7 16.4 3000 24.5 15.25

Test No.

Using Resonant Frequency 

Analysis
Using Time Domain Analysis
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Chapter 6  

Conclusion and Recommendations 

6.1 Summary  

The objective of this study was to investigate the effectiveness of 

determining the unknown bridge foundation depth by using the Sonic Echo 

method. The SE test method was observed to be suitable for the determination of 

unknown pile depth for bridges that are supported by timber pile abutments or 

timber pile bents. The SE test method provides reliable and reasonable results for 

determination of the depth of all tested piles except Pile 15 which belongs to Bridge 

#1190. The reason for this unreliable data result for Pile 15 was that the pile was 

submerged in the Rayado Creek stream. Pile 15 encounters high pressure from 

water which provides a possibility of noise amplification that can lead to misleading 

results, and made the interpretation of the data impossible. However, when Pile 

21 is at the downstream of Rayado Creek, it encounters low pressure from water 

which leads to a successful SE test performance. Therefore, it is recommended 

that SE tests are conducted on the pile that is located in a low pressure water zone. 

The SE test method provides reliable and reasonable results for 

determination the unknown depth for all tested piles with an accuracy rate of ±15%.  

SE tests were conducted on 18 timber piles in different location at New Mexico. 

The success rate of using the Sonic Echo method to determine the depth of 

unknown bridge piles is 94%. The range of the depth of tested timber piles was 

between 16 feet and 38 feet. 
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 Using the hard and medium hard hammer tips provided the best results, 

especially when the strike was implemented at top of the pile (at point A). In cases 

of absence of accessibility, a wooden wedge (block) can be attached to the pile 

side using two anchor bolts (to prevent sliding) as an alternative method to provide 

the strike. Upward strikes on the pile cap provide less accurate results but could 

still be used as an alternative method. The assessed depth obtained when the 

upward strike was conducted could be adjusted using the following empirical 

equation: 

Total Depth = 1.1 X Total Depth Obtained From Upward Strike Results         6.1 

 

Strikes using medium soft and soft hammer tips are not recommended for use in 

providing the impact in timber piles. When the aluminum wedge was used to 

perform the SE test, the results were unreliable and the interpretation was difficult 

in most situations. Therefore, use of an aluminum wedge is not recommended with 

timber piles. 

 The data obtained from accelerometers that are attached close to the 

source of energy provided the best results. Therefore, it is recommended that the 

accelerometer is attached one feet from the top end of the pile. It is also 

recommended that the SE test is repeated at least three times to avoid erroneous 

results and readings.  

6.2 Recommendation for Future Studies 

For the current study to be even more effective, it is recommended that this 

investigation is continued as follows: 
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