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File No. 38799-001 

 

 

Maine Department of Transportation 

16 State House Station 

Augusta, Maine  04333 

 

Attention: Kate Maguire, P.E., Laura Krusinski, P.E. 

 

Subject: Site-Specific Seismic Evaluation 

  Replacement of Martin Memorial Bridge 

  MaineDOT WIN 15105.00 

  Route 232 - Rumford, Maine 

 

Ladies and Gentlemen: 

 

This report presents the results of a site-specific response analysis conducted by Haley & Aldrich, Inc. 

(Haley & Aldrich) in support of the subject project.  The work scope outlined herein was completed in 

accordance with the provisions of our GCA Agreement with MaineDOT, CT No. 

20110614000000006492.  Due to the time sensitive nature of the project, we received verbal notice to 

proceed shortly after our 11 December 2012 conference call and work began on 17 December 2012. 

 

Haley & Aldrich is also providing geotechnical engineering services to TranSystems and MaineDOT 

for the subject project.  A compilation of these services, including logs of test borings, laboratory test 

results, and geotechnical and foundation recommendations for the project, will be submitted in a 

Geotechnical Design Report (GDR) under separate cover.  The evaluations presented herein are based 

on the data contained in the GDR. 

 

ELEVATION DATUM 

 

The project elevation datum and elevations referenced herein are in feet and reference the North 

American Vertical Datum of 1988 (NAVD 88).   

 

BACKGROUND 

 

Haley & Aldrich completed a design phase subsurface exploration program at the site in June and July 

2012.  A total of 23 test borings, designated BB-RAR-101 through BB-RAR-123, were drilled along the 

proposed approach roadway and bridge alignment, including two test borings at the extreme ends (north 

and south) of each proposed bridge substructure (i.e., abutment, pier).  As-drilled locations of test 

boring locations are shown on Figures 1 and 2. 

 

Based on the soil conditions encountered in some of the test borings and the results of laboratory testing 

conducted on selected soil samples, we completed a simplified (empirical) liquefaction susceptibility 

evaluation of the site.   The results of the evaluations were presented in our 15 October 2012 

conference call with MaineDOT and TranSystems, and were summarized in our memorandum dated 9 
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November 2012.  In general, three preliminary conclusions regarding site classification and liquefaction 

potential for the project were presented: 

 

 The site should be classified as Site Class “E” in accordance with the AASHTO Guide 

Specifications for LRFD Seismic Bridge Design, Second Edition, 2011 (AASHTO Guide 

Specifications).   Therefore, the design horizontal response spectral acceleration coefficient at 

the 1.0-sec period (SD1) would be equal to 0.173 g, and would therefore be classified as Seismic 

Design Category B (assuming that techniques to used to mitigate liquefaction of the soils in the 

immediate vicinity of the proposed bridge abutments). 

 

 Using empirical liquefaction evaluation methods, the upper zone of in-situ granular soils at each 

of the proposed abutment/approach embankment locations was susceptible to liquefaction 

(factor of safety<1.0) down to approximately El. 575 at Abutment 1, El. 565 at Piers 1 and 2, 

and El. 560 at Abutment 2.  Similarly, the upper zone of in-situ soils at each of the proposed 

pier substructure locations was susceptible to liquefaction down to approximately El. 565.  

Based on these empirical evaluations, ground improvement would be needed to stabilize both 

approach embankments as the post-event, global stability factors of safety for the embankments 

are less than 1.0.  Without ground improvement, substructures would not only need to be 

designed to resist superstructure loads excluding lateral soil resistance from the liquefied soil 

zone, but would also need to resist the additional lateral forces caused by rotational failure of 

the embankment, both of which would greatly increase the number of piles needed to support 

the bridge structure. 

 

 The scour depth determined by TranSystems at the pier locations extends deeper than El. 565.  

Because of this, the substructure design, specifically the lateral pile evaluations, will be 

governed by scour and not liquefaction.  Therefore, site specific liquefaction evaluation at the 

piers is not needed (and has not been conducted).   

 

Based on our experience on other projects with similar subsurface conditions, we anticipated that a site-

specific response analysis would provide a more accurate/realistic assessment of site response, avoiding 

over-conservatism that is inherent with the empirical evaluation method.  Therefore, we conducted a 

site-specific response analysis in accordance with the AASHTO Guide Specifications using available 

historic seismic data and/or accepted analytical methods.  This more in-depth evaluation (as compared 

to the simplified evaluation) allows us to provide refined conclusions and recommendations relative to 

design response spectra and liquefaction susceptibility at the project site.  The remainder of this report 

summarizes our evaluation methods, conclusions and recommendations. 

 

SCOPE OF WORK 

  

Haley & Aldrich executed the following scope of work leading to the preparation of this report: 

 

 Prepare two subsurface models representing the spatial variability in the subsurface conditions 

at each proposed bridge abutment location. 
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 For the two subsurface models, establish lower bound, average and upper bound shear wave 

velocities (Vs) for use in ground motion analysis. 

 Develop a target response spectrum for the bedrock at the site (for an earthquake with a 975-

year return period) compatible with the AASHTO Guide Specifications, and select and scale 

seven “design earthquake” rock input motions appropriate for the site from existing earthquake 

records.  The design rock motions were selected such that their response spectra, after scaling, 

matched well with the target spectrum between periods of 0.3 and 1.2 seconds. This range 

covers the fundamental periods of the bridge, as provided by TranSystems for various modes of 

vibration and soil profiles at the proposed bridge abutment and pier locations. 

 Perform site response analyses for each subsurface model, using lower bound, average and 

upper bound values of shear wave velocity (Vs), and using the seven rock input motions. 

 Using the results of the site response analyses, establish a design acceleration response 

spectrum for the site.  Perform site response analyses to calculate shear stresses in the two 

subsurface models and using the data to re-evaluate liquefaction potential. 

SUBSURFACE CONDITIONS 

 

Soil and Bedrock Conditions 

 

The subsurface soil conditions along the proposed approach roadway and bridge alignment generally 

consist of thick deposits of very loose to very dense granular soils.  Near surface granular soils 

encountered within the limits of the project site consisted of very loose to medium dense alluvial and 

glaciolacustrine deposits.  The deeper zones of granular soil encountered in the test borings generally 

consisted of dense to very dense glacial soils.  The idealized soil conditions encountered along the 

centerline of the proposed bridge alignment are shown in the interpretive soil profile on Figure 3. 

 

The soils typically consist of fine to coarse SAND with varying amounts of clay, silt and gravel.  

Figure 4 shows profiles of fines content with depth for the various borings at each abutment based on 

field visual classification and the results of laboratory grain size testing. 

 

Test borings drilled at proposed bridge substructure locations were advanced approximately 2 to 19 ft 

into bedrock.  A summary of top of bedrock elevations is provided below. 

 

Substructure 

Location 

Test 

Boring 

No. 

Approx. 

Ground Surface/ 

Mudline Elev. 

(ft, NAVD 88) 

Approx. 

Depth to 

Top of 

Bedrock 

(ft) 

Approx. 

Elev. of Top 

of Bedrock 

(ft, NAVD 88) 

Horizontal 

Distance 

Between 

Test Borings 

(ft) 

Approx. 

Slope of 

Rock 

Surface 

Abutment 1 
BB-RAR-110 615.8 136.5 479.3 

26 4.4 H:1V 
BB-RAR-111 615.7 130.5 485.2 

Abutment 2 
BB-RAR-119 599.6 88.3 511.3 

47 16.8 H:1V 
BB-RAR-120 600.1 86.0 514.1 
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The cored and recovered bedrock at Abutment 1 consisted of hard, fresh to slightly weathered 

micaceous quartz PEGMATITE.  The bedrock at Abutment 2 was variable and generally consisted of 

the following: 

 

 Very hard, very slightly to slightly weathered PEGMATITE and micaceous GNEISS 

 Very soft to hard, moderately to severely weathered micaceous GNEISS. 

 

Rock quality designation (RQD) is a common parameter that is used to help assess the competency of 

sampled bedrock.  RQD is defined as the sum of pieces of recovered bedrock greater than 4 in. in 

length divided by the total length of bedrock core.  RQD values for bedrock encountered in test borings 

drilled at the proposed bridge abutment locations are summarized below. 

 

Substructure  

Location 

Test Boring  

No. 

Range in RQD 

(%) 

Average RQD 

(%) 

Abutment 1 
BB-RAR-110 80 to 97 89 

BB-RAR-111 82 to 92 87 

Abutment 2 
BB-RAR-119 55 to 83 69 

BB-RAR-120 0 to 12 3 

 

Groundwater Conditions 

One groundwater observation well was installed in completed borehole BB-RAR-109.  Water levels 

measured during the subsurface exploration program (13 June to 13 July 2012) were generally 

measured between El. 604 and El. 607.  It should be noted that there was very little precipitation during 

the subsurface exploration program, which may have impacted the water levels measured in the 

observation well.  Observation well installation and groundwater monitoring reports are included in 

Appendix B. 

 

Flood levels in the Androscoggin River, as provided by TranSystems, are summarized below. 

 

Discharge Headwater 

(ft, NAVD 88) 

Q1.1 El. 613.1 

Q25 El. 622.8 

Q50 El. 623.9 

Q100 El. 625.7 

Record Flood (1936) El. 630.7 

 

Groundwater levels can be expected to fluctuate, subject to seasonal variation, local soil conditions, 

topography and precipitation.  Water levels encountered during construction may differ from those 

observed in the test borings during drilling or the observation well.   

 

Subsurface Models 

 

To account for the effect of spatial variability in the subsurface conditions at the site, two generalized 

one-dimensional subsurface models were created for use in our response analysis, one at Abutment 1 
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(west of the river) and one at Abutment 2 (east of the river).  Test borings BB-RAR-110 through 

BB-RAR-114 were used to develop the Abutment 1 subsurface model.  Test borings BB-RAR-119 to 

BB-RAR-120 were used to develop the Abutment 2 subsurface model.  The location of the bridge 

abutments relative to the test borings are shown in Figures 1 and 2.   

 

The subsurface models were developed based on the “free-field” condition (i.e., level ground surface 

and without the proposed approach embankments present).  We assumed that the ground surface in the 

immediate vicinity of the proposed bridge abutments is approximately El. 615 and the groundwater 

level was assumed to be at El. 613.1 (Q1.1).   

 

In accordance with AASHTO Guide Specifications Section 6.8, the “seasonally averaged groundwater 

elevation” should be used when determining the extent of soils that are adequately saturated for 

liquefaction to occur.  As noted above, the groundwater levels measured in the observation well 

installed during the exploration program are likely lower than the “seasonally averaged groundwater 

elevation” since very little precipitation was recorded/observed during that time period.  As a result, 

the site-specific liquefaction analyses summarized herein are based on a water level equal to El. 613.1 

(Q1.1), which we judged to be representative of the “seasonally averaged groundwater elevation”. 

 

Test borings BB-RAR-119 and BB-RAR-120 were drilled from within the limits of the river, close to 

the proposed Abutment 2 location.  The mudline elevation at the test boring locations was 

approximately El. 600 and the approximate ground surface elevation at the proposed Abutment 2 

location is El. 615.  As a result, in order to construct the “free-field” soil model based on the 

subsurface conditions encountered in these test borings, an additional 15 ft of overburden was added to 

the soil column and was considered in the estimation of shear wave velocities.  For the purposes of our 

evaluations, we assumed that the nature and in-situ density of the additional soil overburden at 

Abutment 2 was the same as the soil material encountered in the upper 15 ft at Abutment 1.  

 

The thickness of each soil layer as well as bedrock and groundwater depths for each subsurface model 

is summarized below. 

 

Soil/Bedrock Unit 
Layer Thickness (ft) 

Abutment 1 Abutment 2 

Additional Overburden NA 15 

Alluvial Deposit 125 40 

Glaciofluvial Deposit 0 30 

Glacial Till  10 18 

Weathered Bedrock 0 12 

Bedrock (depth BGS) 135 115 

Groundwater (depth BGS) 2.4 2.4 
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SOIL AND BEDROCK SHEAR WAVE VELOCITY ESTIMATES 

 

Values of shear wave velocity (Vs) were estimated for the soils encountered in the test borings using the 

empirical procedures of Sykora (1987) for sands, silts, gravel and clay (all overburden soil layers), and 

Seed et al. (1986) for sands and silts (all overburden soil layers except clay).  The empirical estimates 

of shear wave velocity were based on the measured SPT N-values in test borings BB-RAR-110 to 

BB-RAR-114 for the Abutment 1 soil model and BB-RAR-119 to BB-RAR-120 for the Abutment 2 soil 

model.  
 

The relationships used to calculate values of shear wave velocity are summarized below: 
 

Seed et al. (sands and silts): 

  G = 1,000 K2(’m)1/2 

  K2 = 20(N1)60
1/3  

  Vs = (G/)0.5 

 

Sykora: (sands, silts, gravel, and clays) 

  Vs (fps) = 250 N0.17  D0.2  (sands and non-plastic silts) 

Vs (fps) = 275 N0.17  D0.2  (gravel) 

  Vs (fps) = 195 N0.17  D0.2  (clays) 

in which G is the shear modulus, K2 is the soil modulus coefficient, ’m is the mean effective normal 

stress, (N1)60 is the SPT N-value corrected for the effect of overburden,  is the mass density of the 

soil, N is the field measured SPT value, D is depth of the SPT recording, and fps is feet per second 

(units for Vs values).  Where an SPT N-value of zero was recorded (i.e., weight of rod or weight of 

hammer), a value of 1 was used for these calculations. 

 

The empirical correlations summarized above were used to estimate shear wave velocity profiles for the 

site because the project schedule did not allow us to conduct seismic cone penetrometer testing (CPT) at 

the site and obtain site-specific shear wave velocity data.  The empirical correlations summarized above 

were used to estimate the shear wave velocity at another site with a similar soil profile and where 

seismic cone penetration testing was conducted.  The correlated shear wave velocity values were then 

compared to the shear wave velocity values from the CPT measurements to assess how closely they 

predicted the actual values.  In general, the shear wave velocity values calculated from the empirical 

relationships correlated quite well with the shear wave velocity data obtained from the CPT testing (see 

Figure 5).  In other words the empirical data captured the overall trend of the CPT data with depth.  

However, the shear wave velocity values from the empirical correlations were unable to accurately 

reflect localized spikes in the CPT data as shown in Figure 5.   

 

Based on the comparison summarized above, it is our opinion that the empirical correlations are 

sufficient to estimate the shear wave velocity trends at the project site.  The empirical shear wave 

velocity values developed from the SPT data at Abutments 1 and 2 are presented in Figures 6 and 7, 

respectively.  Because the borings closest to Abutment 2 were drilled in the river where mudline is 
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approximately 15 ft lower than the ground adjacent to Abutment 2, the shear wave velocity profile for 

the top 15 ft of the Abutment 2 soil model was assumed to be the same as the shear wave velocity 

profile for the top 15 ft of the Abutment 1 soil model.   

 

The scatter in the data shown in Figures 6 and 7 is indicative of the spatial variability of the subsurface 

conditions.  In addition, there is uncertainty in the correlated values of shear wave velocity, which is 

inherent in the empirical methods used.  Using this scatter in the data as a guide as well as the 

uncertainty in the calculated shear wave velocity values, lower and upper bound profiles were 

established for each soil layer.  The average, lower and upper bound ranges of shear wave velocity are 

presented in Figures 6 and 7.  The range of shear wave velocity bound the average values by 

approximately 30 percent, and the figures show that these ranges capture nearly all of the data points 

within each soil layer.   

 

The shear wave velocity profiles shown in Figures 6 and 7 were applied to the layer thicknesses defined 

above for the two soil models (Abutment 1 and Abutment 2) to develop the design shear wave velocity 

profiles for the subsurface models to be used in the site response analysis, which are shown in Figures 

8 and 9.   

 

Based on the type and quality of the intact bedrock encountered at the site and others within the general 

vicinity, the shear wave velocity of the bedrock was estimated to be equal to 7,700 ft/sec (see Appendix 

A for shear wave estimate calculation). 

 

SEISMIC DESIGN CRITERIA 

 

Seismic design parameters from the United States Geological Survey (USGS) 2008 NSHMP PSHA 

Interactive Deaggregation were used to obtain uniform hazard spectral accelerations for the intact 

bedrock at the site based on the geographic location of the site.   

 

The spectral accelerations corresponding to a 5 percent probability of exceedance in 50 years for the 

intact rock (NEHRP Rock A) was obtained and the uniform hazard response spectrum (UHS) was 

developed.  The UHS was selected as the “target response spectrum”.  

 

The selected target response spectra were also compared to the seismic design response spectra for Site 

Class A determined using the procedure outlined in the AASHTO Guide Specifications (Figure 10). 

The AASHTO Guide Specification procedure provides response spectra for a probability of exceedance 

of 7 percent in 75 years. The AASHTO Guide Specification seismic parameters were developed based 

on 2002 updates of USGS Probabilistic Seismic Hazard Analysis, which were revised in 2008. This is 

the primary reason that the AASHTO Site Class A exceeds the UHS and the target response spectra. 

The target spectrum for the site is shown in Figure 11.   

 

SITE RESPONSE ANALYSIS 

 

A site response analysis was conducted to evaluate the ground surface response accelerations and soil 

shear stresses induced by an earthquake at the site.  After the two subsurface models were developed as 
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described above, the analysis involved the following general procedure in accordance with the 

AASHTO Guide Specifications: 

 

1. Seven earthquake rock records (recorded in previous earthquakes) were selected and scaled 

such that their response spectra, after scaling, matched the target response spectrum between 

periods of 0.3 and 1.2 seconds.  This range covers the fundamental periods of the bridge (for 

various modes of vibration).  The selected earthquakes are shown for reference in Figure 12.  

A comparison of the spectra of the unscaled and scaled rock records with the intact rock target 

response spectrum is shown graphically in Figures 13 and 14, respectively.  The acceleration 

time history and response spectra of selected, scaled rock records are shown in Figures 15 

through 21.  The response spectra of individual scaled rock motions may be lower or higher 

than the target response spectrum at some periods, but the overall range matches the target 

response spectrum for the periods of 0.3 to 1.2 seconds (i.e., the range in fundamental period 

of the bridge). 

2. The computer software DEEPSOIL (Hashash, et al., 2012) was utilized to perform one-

dimensional equivalent linear ground response analyses to determine spectral response 

accelerations at the ground surface, peak ground acceleration with depth, and peak shear stress 

values with depth for each subsurface model.  

DEEPSOIL is a one-dimensional site response analysis program that can perform both nonlinear and 

equivalent linear analysis. The equivalent linear capability is similar to the method employed in the 

widely used program SHAKE (Schnabel, et al., 1972) and its more current version SHAKE91 (Idriss 

and Sun, 1992). 

 

The effect of the local site condition on the rock motion propagating through the subsurface models was 

investigated using the theory of one-dimensional wave propagation.  In this analysis, vertically 

propagating shear waves were considered and the horizontal component of the ground surface motions 

was computed.  In the site response analysis, the non-linear soil behavior under cyclic excitation was 

approximated through the use of modulus reduction and damping curves, which is a function of shear 

strain.  For sand layers (including the alluvial, glaciofluvial and glacial till) the curves published by 

EPRI (1993) were used.  Curves for soft rock published by Silva et al. (1996) were used for weathered 

rock.  The frequency independent shear modulus was selected in performing frequency domain 

analysis.  

 

Horizontal motions at ground surface were computed by propagating the rock motions through the two 

subsurface models presented in Figures 8 and 9 using the program DEEPSOIL.  The analyses entailed 

using the seven scaled rock records, and the average, lower and upper bound shear wave velocity 

profiles for each subsurface model.  Therefore, twenty-one analyses were conducted for each soil 

profile for a total of 42 iterations.  In the site response analyses, all rock motions were applied at the 

top of bedrock elevation.  

 

The results of the site response analysis performed for each soil model is shown in Figure 22 

(Abutment 1) and Figure 23 (Abutment 2).  The spectral curves labeled “Average” and “Average +/- 1 

SD (Standard Deviation)” for each subsurface model were based on the statistics of the spectra for the 

average, lower and upper bound shear wave velocity values and seven design earthquakes for each 
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subsurface model.  The variation observed in the response spectra is the result of multiple rock motions 

used in the analysis.  In general, it is our opinion that the results were similar for both the Abutment 1 

and 2 subsurface soil profiles.  Because of this, we recommend that the same design response spectrum 

be used for both Abutments as summarized in the next section. 

 

DESIGN RESPONSE SPECTRUM AND SEISMIC DESIGN PARAMETERS 

 

Following common practice, we used the average and average plus one standard deviation of response 

spectra at Abutment 1 and Abutment 2 to establish the design response spectrum at the ground surface 

for the site.  The purpose of this practice is to capture the possible variability that exists in the site 

conditions and earthquake shaking.  The recommended design response spectrum for the site is shown 

graphically in Figure 24.  A comparison of the recommended design spectrum and the average and 

average plus one SD response spectra computed at both Abutments 1 and 2 are shown in Figure 24.  

Figure 25 shows a comparison between the recommended design response spectrum and the Site Class 

E response spectrum, developed in accordance with AASHTO Guide Specifications, and two-thirds of 

the Site Class E response spectrum, which is the lowest allowable spectrum that could be used as a 

result of a site-specific evaluation, as stated in the AASHTO Guide Specifications. 

 

The recommended design response spectrum for the site is presented graphically and in tabular form in 

Figure 26.  In general, the recommended design spectral values are equal to or less than the Site Class 

E design values.  At periods greater than T=2.5 sec, the recommended design values are 

approximately two-thirds of the Site Class E values.  For spectral values at periods between those 

presented in the table in Figure 26, we recommend that linear interpolation be used to determine the 

response acceleration.  We also recommend that the spectral values shown in the table in Figure 26 be 

used in the seismic analysis of the bridge.   

 

Based on the recommended ground surface design response spectrum shown in Figure 26, the seismic 

spectral acceleration at 1.0-sec period (SD1) is equal to 0.14 g.  Therefore, in accordance with Table 

3.5-1 of the AASHTO Guide Specifications, we recommend that the site be assigned to Seismic Design 

Category A.  In order for the bridge to be designed based on SDC A, the foundation soils adjacent to 

the bridge abutments must either be determined to be non-liquefaction susceptible or be adequately 

improved such that the resulting embankment stability factors of safety through the abutments are 

acceptable (i.e., greater than 1.0 for pseudo-static and post-event conditions).  A summary of our site-

specific liquefaction evaluation at the site is provided in the next section. 

 

SITE-SPECIFIC LIQUEFACTION EVALUATION 

 

As previously stated, the results of our initial, simplified (empirical) liquefaction susceptibility 

evaluation would require that the bridge abutment substructures be designed to resist superstructure 

loads excluding lateral soil resistance from the liquefied soil zone, as well as the additional lateral 

forces caused by the rotational failure of the embankment, both of which would greatly increase the 

number of piles needed to support the bridge structure.  Therefore, a site-specific liquefaction 

evaluation was conducted to assess the earthquake-induced horizontal shear stresses that cause 

liquefaction of the soils at the site.  
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For each soil model, the results of the site response analysis (using the computer software DEEPSOIL) 

included determination of values of maximum earthquake-induced horizontal shear stresses with depth 

expressed in terms of stress ratios (i.e., ratio between maximum shear stress and vertical effective 

stress) resulting from a 1,000-year earthquake event represented by the seven input rock motions 

described previously.  The calculated maximum stress ratios for the Abutment 1 and Abutment 2 soil 

models are shown in Figures 27 and 28, respectively.  The stress ratios were then used to compute the 

cyclic stress ratio (CSR) for use in the liquefaction analysis for each soil model.  The specific steps 

involved in analyzing liquefaction are summarized below. 

 

1. The maximum stress ratios (i.e., max/’
v) with depth of the subsurface models were computed 

by determining the mean plus one standard deviation of the stress ratios obtained from the site 

response analyses (twenty-one shear stress curves per abutment subsurface model) for the 

1,000-year event. The mean plus one standard deviation of the stress ratios is used in order to 

capture the variability in the shear stress ratio resulting from the range of rock motions and soil 

properties.   

2. The earthquake-induced, mean plus one standard deviation CSR values were computed with 

depth for each soil model using the following equation: 

CSRDE, Mean+1 SD = 0.65 max / ’v 

where CSRDE, Mean+1 SD is defined as the site-specific design CSR value, ’v is the effective 

overburden pressure and the factor 0.65 is the modifier applied to convert the maximum stress 

ratio from DEEPSOIL to an equivalent “average” shear stress over the duration of the 

earthquake (also applied in the simplified method).  The analysis is performed for “free-field” 

conditions. 

3. The ratio of the cyclic resistance ratio (CRR) values (as determined from the previously 

conducted simplified, empirical liquefaction susceptibility evaluation as shown in the middle 

graph in Figures 29 and 30) divided by the site-specific CSRDE, Mean+1 SD value calculated from 

the DEEPSOIL results was used to determine site-specific factor of safety (FS) values.  A 

Magnitude Scaling Factor (MSF) equal to 1.60 was used in the FS calculations corresponding 

to an earthquake magnitude of 6.25 which was selected based on the USGS Probabilistic 

Seismic Hazard deaggregation. 

The site-specific design CSR curves and CRR values for each SPT sample collected are plotted for each 

soil model in Figures 29 and 30.  Correspondingly, the calculated site-specific FS values are also 

plotted in Figures 29 and 30.  Considering the statistical basis of the site-specific design CSR values 

used to calculate FS, we conclude that liquefaction is unlikely for depth ranges where calculated FS 

values greater than or equal to 1.0.   

 

Based on the FS plot in Figure 29, it is our opinion that the bottom of the liquefiable zone extends 

down to approximately El. 595 in the vicinity and west of Abutment 1 (specifically, borings BB-RAR-

110 and BB-RAR-111).  For the area just outside the west approach embankment (specifically in 

borings BB-RAR-113 and BB-RAR-114), it is our opinion that the liquefiable zone extends down to 

approximately El. 580.  The extent of the liquefiable zones within the limits of the Abutment 1 
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approach embankment were estimated by comparing the CRR values to the adjusted site-specific CSR 

values considering the additional overburden of the approach embankment above El. 615.  In order to 

account for the additional overburden along the approach embankment, the site-specific CSR curve was 

shifted up by an amount equal to the height of the embankment fill above existing ground surface at 

various points along the approach embankment.  Based on the results of the evaluations, it is our 

opinion that the soil within the zone of influence of the embankment down-station of Sta. 12+00 is not 

susceptible to liquefaction.    The plan limits and elevation of the bottom of the liquefiable soils for the 

Abutment 1 area are shown graphically in Figure 31. 

 

Based on the FS plot in Figure 30, it is our opinion that the bottom of the liquefiable zone extends 

down to approximately El. 595 in the vicinity of the piles at Abutment 2.  It is also our opinion that the 

bottom of the liquefiable zone extends down to El. 595 both within the limits of the Abutment 2 

approach embankment and just outside the toe of the embankment.  Based on our evaluations and the 

rapidly changing subsurface conditions east (uphill) of Abutment 2 (refer to Figure 3), it is our opinion 

that the soil within the zone of influence of the embankment up-station of approximate Sta. 20+40 is 

not susceptible to liquefaction.  The plan limits and elevation of the bottom of the liquefiable soils for 

the Abutment 2 area are shown graphically in Figure 32. 

 

SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 

 

Based on the results of the site response analyses described herein, we recommend that the design 

response spectrum presented in Figure 26 be used in the seismic analysis of the bridge.  Based on this 

recommended design response spectrum, the project is considered to be within Seismic Design 

Category A in accordance with the AASHTO Guide Specifications assuming that liquefaction is 

mitigated adjacent to the bridge abutment foundations. 

 

Based on the site-specific liquefaction evaluation, we conclude that liquefaction is likely to occur to 

various depths below ground surface within the limits of the approach embankments as summarized in 

the table below.  Please refer to the plan limits of the liquefiable soils in the vicinity of Abutment 1 and 

Abutment 2 as shown in Figures 31 and 32. 

 

Location Top of Liquefied Zone Bottom of Liquefied Zone 

West Approach/Abutment 1 Area 

Down-station of Sta. 12+00 NA NA 

Sta. 12+00 to Sta. 12+50 El. 613.1 El. 610 

Sta. 12+50 to Sta. 13+00 El. 613.1 El. 605 

Sta. 13+00 to Sta. 13+50 El. 613.1 El. 600 

Sta. 13+50 to Sta. 15+00 El. 613.1 El. 595 

Sta. 15+00 to Sta. 15+25 El. 613.1 El. 590 

Sta. 15+25 to Sta. 15+55 El. 613.1 El. 580 

East Approach/Abutment 2 Area 

Sta. 19+80 to Sta. 20+40 El. 613.1 El. 595 

Up-station of Sta. 20+40 NA NA 
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Please note that the top of the liquefied zone is coincident with the Q1.1 water level.  It is our opinion 

that soil present above El. 613.1 will not susceptible to liquefaction per our interpretation of Section 6.8 

of the AASHTO Guide Specifications. 

 

The results of the site-specific liquefaction analyses show that the bottom of the liquefiable zone (i.e., 

where FS<1.0) is much shallower compared to the results of simplified analysis as summarized in the 

table below. 

 

Location Bottom of Liquefied Zone 

Simplified Evaluation 
Bottom of Liquefied Zone 

Site-Specific Evaluation 

Immediately adjacent to and east 

of Abutment 1 
varies between El. 565 and El. 575 varies between El. 580 and El. 595 

Within limits of west  

approach embankment 
El. 575 varies between El. 595 and El. 610 

Outside of limits of west 

approach embankment 
El. 565 El. 580 

Adjacent to Piers 1 and 2 El. 565 
NA; evaluation not conducted at 

piers as scour depth controls 

Immediately adjacent to  

Abutment 2 
El. 560 El. 595 

Within limits of east  

approach embankment 
El. 560 El. 595 

Outside of limits of east 

approach embankment 
El. 560 El. 595 

 

As shown in the table, the results of the site-specific evaluation significantly reduce the vertical limits 

of the liquefiable soils at the site.  This will ultimately result in a smaller volume of soil that will be 

mitigated/improved in order to prevent liquefaction from occurring adjacent to the abutment 

substructures. 

 

The site-specific liquefaction analyses will also allow the bridge to be designed based on less stringent 

seismic requirements as summarized below.  This information was previously provided to TranSystems 

for their use in determining the final design of the bridge. 

 

Design Element Result of 

Simplified Evaluation 
Result of 

Site-Specific Evaluation 

Response Spectrum Site Class E less than Site Class E and greater 

than 2/3 of Site Class E 

Seismic Design Category 

(liquefaction mitigation not 

completed) 

SDC D SDC D 

Seismic Design Category 

(assuming liquefaction mitigation 

completed) 

SDC B SDC A 

 

As the table shows, if techniques are not used to mitigate liquefaction of the soils adjacent to the 

proposed bridge abutments, AASHTO LRFD requires that the bridge be designed based on the 
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Figure 18: Acceleration Time History and Response Spectrum of 1987 Whittier Narrows 

Earthquake (Scaled) 

Figure 19: Acceleration Time History and Response Spectrum of 1992 Big Bear Earthquake, CA 

(Scaled) 

Figure 20: Acceleration Time History and Response Spectrum of 1994 Northridge Earthquake, CA 

(Scaled) 

Figure 21: Acceleration Time History and Response Spectrum of 1989 Loma Prieta Earthquake, 

CA (Scaled) 

Figure 22: Computed Spectra and Average Spectrum at Abutment 1 

Figure 23: Computed Spectra and Average Spectrum at Abutment 2 

Figure 24: Comparison of Computed Response Spectra at Abutment 1 and Abutment 2 

Figure 25: Comparison of Recommended Design Response Spectrum and AASHTO Site Class E 

Spectrum 

Figure 26: Recommended Design Response Spectrum 

Figure 27: Computed Maximum Stress Rations at Abutment 1 

Figure 28: Computed Maximum Stress Rations at Abutment 2 

Figure 29: Abutment 1 Site-Specific Liquefaction Assessment (Free-Field) BB-RAR-107 through 

BB-RAR-114 

Figure 30: Abutment 2 Site-Specific Liquefaction Assessment (Free-Field) BB-RAR-119 through 

BB-RAR-120 

Figure 31: Plan Limits of Liquefaction Susceptible Soils in the Vicinity of Abutment 1 

Figure 32: Plan Limits of Liquefaction Susceptible Soils in the Vicinity of Abutment 2 

 

Appendix A - Supporting Technical Calculations 

 

 

c: TranSystems; Attn:  Evan C. Lowell, P.E., and Christopher P. Gamache, P.E. 
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NOTES:

1. BASE PLAN SHOWING EXISTING AND PROPOSED SITE CONDITIONS TAKEN FROM THE FOLLOWING ELECTRONIC

MICROSTATION FILES: “Alignments.dgn,” “BDPLAN.dgn,” “Borings.dgn,” “Bridge.dgn,” “Contours.dgn,” “RWPLAN.dgn,” “Text.dgn”

and “Topo.dgn.” MICROSTATION FILES PROVIDED TO HALEY & ALDRICH, INC. BY TRANSYSTEMS ON 11 MARCH 2013.

2. THE AS-DRILLED LOCATION AND GROUND SURFACE ELEVATION AT TEST BORING LOCATIONS WERE DETERMINED IN THE

FIELD BY MAINEDOT USING GPS SURVEY EQUIPMENT UPON COMPLETION OF DRILLING.

3. ELEVATIONS ARE IN FEET AND REFERENCE THE NORTH AMERICAN VERTICAL DATUM OF 1988 (NAVD 88).

4. SUBSURFACE EXPLORATIONS WERE MONITORED IN THE FIELD BY HALEY & ALDRICH, INC.  PERSONNEL.

5. REFER TO FIGURE 3 FOR GEOLOGIC PROFILE A-A.
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FIGURE 2

MARTIN MEMORIAL BRIDGE REPLACEMENT

MAINEDOT WIN 15105.00

ROUTE 232 - RUMFORD, MAINE

SITE AND SUBSURFACE 

EXPLORATION LOCATION PLAN (2 OF 2)

SCALE: AS SHOWN

MAY 2013
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NOTES:

1. THIS GENERALIZED INTERPRETIVE SOIL PROFILE IS

INYENDED TO CONVEY TRENDS IN SUBSURFACE

CONDITIONS. THE BOUNDARIES BETWEEN STRATA ARE

APPROXIMATE AND IDEALIZED, AND HAVE BEEN

DEVELOPED BY INTERPRETATIONS OF WIDELY SPACED

EXPLORATIONS AND SAMPLES. ACTUAL SOIL TRANSITIONS

MAY VARY AND ARTE PROBABLY MORE ERRATIC. FOR MORE

SPECIFIC INFORMATION REFER TO THE EXPLORATION

LOGS.

2. SUBSURFACE CONDITIONS SHOWN ARE TAKEN FROM TEST

BORINGS DRILLED ALONG THE NORTHERLY END OF THE

PROPOSED BRIDGE.
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Martin Memorial Bridge Replacement, Maine DOT PIN 15105.00

Route 232 - Rumford, Maine

Abutment 1 Soil Column with Shear Wave Velocity Ranges
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Approx. Peak
Earthquake Event Magnitude Recording Station  Component  Distance  Acceleration

(km) (%g)

1991 Sierra Madre, California         5.6 Vasquez Rocks Park 90 40 14
2011 Virginia Earthquake 5.8 Fire Station #25, Reston, VA  90 121 9.2
1988 Saguenay, Quebec 5.9 Dickey, Maine 90 195 9.2
1987 Whittier Narrows, California 6.0 Mill Creek,  Angeles National Forest 00 37 8.9
1992 Big Bear, California 6.5 Rancho Cucamonga ‐ Deer Can  180 59 3.1
1994 Northridge, California 6.7 Anacapa Island 270 69 3.8
1989 Loma Prieta, California 6.9 So. San Francisco‐ Sierra Pt.  115 63 5.5

List of Selected Earthquake Records

Note: Earthquake records are selected according to magnitude and distance criteria established based on deaggregation information for the 5% probability of 
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Earthquake Event Scaling Factor (SF) MARTIN MEMORIAL BRIDGE REPLACEMENT
1991 Sierra Madre, CA 1.00 MAINEDOT PIN 15105.00
2011 Virginia Earthquake 0.70 ROUTE 232 - RUMFORD, MAINE
1988 Saguenay Eq, Quebec 0.90
1987 Whittier Narrows, CA 0.40

Prepared by: EK, 1/18/2013 1992 Big Bear, CA 1.10
Checked by: JLL, 1/28/2013 1994 Northridge, CA 1.00
Reviewed by: 1989 Loma Prieta, CA 0.65
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Acceleration Time History and Response 
Spectrum of 1991 Sierra Madre Earthquake 
(Scaled)
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Acceleration Time History and Response 
Spectrum of 2011 Virginia Earthquake (Scaled)
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Acceleration Time History and Response 
Spectrum of 1988 Saguenay Earthquake, 
Quebec (Scaled)
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Acceleration Time History and Response 
Spectrum of 1987 Whittier Narrows, CA 
(Scaled)
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Acceleration Time History and Response 
Spectrum of 1992 Big Bear, CA (Scaled)
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Acceleration Time History and Response 
Spectrum of 1994 Northridge, CA (Scaled)
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Acceleration Time History and Response 
Spectrum of 1989 Loma Prieta, CA (Scaled)
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Computed Spectra and Average Spectrum 
at Abutment 2
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Comparison of the Recommended Design 
Response Spectrum and AASHTO Site 
Class E Spectrum
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Note: 
‐ 2/3 of AASHTO Site Class E is calculated by multiplying spectral accelerations of 
AASHTO Site Class E by 2/3.
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Note: 
‐ Plotted curves are the output of 21 cases resulting from the 1‐dimensional analyses of 7 input 
rock motions and 3 soil profiles (representing the estimated lower bound, average, and upper 
bound shear wave velocities at Abutment 1).
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Computed Maximum Stress Ratios at Abutment 2
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100

120

140

DeepSoil Analyses Output

Average

Ave.+/‐1SD

Note: 
‐ Plotted curves are the output of 21 cases resulting from the 1‐dimensional analyses of 7 input 
rock motions and 3 soil profiles (representing the estimated lower bound, average, and upper 
bound shear wave velocities at Abutment 1).
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Notes:
1 Liquefaction susceptibility evaluation conducted in accordance with the AASHTO Guide Specification for LRFD Seismic Bridge Design 2nd Edition, 2011.  Liquefaction resistance (CRR) 

was calculated using the simplified procedures presented by Youd & Idriss (2001).  Site-Specific CSR curve was calculated using site-specific one-dimensional wave propagation analyses.
2 All test borings were drilled as cased wash borings with a rope/cathead and safety hammer.
3 Design water surface elevation equal to El. 613.1 (Q1.1, "ordinary high water").  This was judged to be consistent with the "seasonally averaged groundwater elevation" in accordance with

AASHTO LRFD Section 6.8.
4 N160(CS)  = SPT N60-value corrected for overburden, drilling and sampling methods, and fines content for use in evaluating liquefaction resistance.
5 Design earthquake magnitude equal to 6.25 used to assess liquefaction potential determined from USGS earthquake deaggregation data for the site in accordance with AASHTO LRFD MARTIN MEMORIAL BRIDGE REPLACEMENT

Section 6.8 and represents the mean magnitude earthquake located approximately 50 miles from the site.  Magnitude is used in Magnitude Scaling Factor for Factor of Safety calculations. MAINEDOT PIN 15105.00
6 Shear stress for the evaluation of liquefaction potential was evaluated using site-specific one-dimensional shear wave propagation analyses. ROUTE 232 - RUMFORD, MAINE

7 Site-Specific Cyclic Stress Ratio (CSR) corresponds to the Average+1 Standard Deviation of cyclic shear stresses resulting from the combinations of input rock motions and 
shear wave velocity profiles and assuming ground surface at El. 615. WEST APPROACH / ABUTMENT 1

8 Cyclic Resistance Ratio (CRR, corrected for magnitude and overburden), corresponds to resistance of soil layer to cyclic shear stress (based on SPT and fines content). SITE SPECIFIC LIQUEFACTION
9 Factor of Safety against liquefaction triggering = MSF(CRR / CSR) where MSF = Magnitude Scaling Factor. ASSESSMENT (FREE-FIELD)

10 Some data points from test borings are not shown due to the following: BB-RAR-107 THROUGH BB-RAR-114
A Youd & Idriss (2001) considers N160CS > 30 blows per foot to be non-liquefiable.
B Soil samples with fines content greater than 50 percent are assumed to be non-liquefiable.
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Notes:
1 Liquefaction susceptibility evaluation conducted in accordance with the AASHTO Guide Specification for LRFD Seismic Bridge Design 2nd Edition, 2011.  Liquefaction resistance (CRR) 

was calculated using the simplified procedures presented by Youd & Idriss (2001).  Site-Specific CSR curve was calculated using site-specific one-dimensional wave propagation analyses.
2 All test borings were drilled as cased wash borings with a rope/cathead and safety hammer.
3 Design water surface elevation equal to El. 613.1 (Q1.1, "ordinary high water").  This was judged to be consistent with the "seasonally averaged groundwater elevation" in accordance with

AASHTO LRFD Section 6.8.
4 N160(CS)  = SPT N60-value corrected for overburden, drilling and sampling methods, and fines content for use in evaluating liquefaction resistance.
5 Design earthquake magnitude equal to 6.25 used to assess liquefaction potential determined from USGS earthquake deaggregation data for the site in accordance with AASHTO LRFD MARTIN MEMORIAL BRIDGE REPLACEMENT

Section 6.8 and represents the mean magnitude earthquake located approximately 50 miles from the site.  Magnitude is used in Magnitude Scaling Factor for Factor of Safety calculations. MAINEDOT PIN 15105.00

6 Shear stress for the evaluation of liquefaction potential was evaluated using site-specific one-dimensional shear wave propagation analyses. ROUTE 232 - RUMFORD, MAINE

7 Site-Specific Cyclic Stress Ratio (CSR) corresponds to the Average+1 Standard Deviation of cyclic shear stresses resulting from the combinations of input rock motions and 
shear wave velocity profiles and assuming ground surface at El. 615. ABUTMENT 2

8 Cyclic Resistance Ratio (CRR, corrected for magnitude and overburden), corresponds to resistance of soil layer to cyclic shear stress (based on SPT and fines content). SITE SPECIFIC LIQUEFACTION
9 Factor of Safety against liquefaction triggering = MSF(CRR / CSR) where MSF = Magnitude Scaling Factor. ASSESSMENT (FREE-FIELD)

10 Some data points from test borings are not shown due to the following: BB-RAR-119 AND BB-RAR-120
A Youd & Idriss (2001) considers N160CS > 30 blows per foot to be non-liquefiable.
B Soil samples with fines content greater than 50 percent are assumed to be non-liquefiable.
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NOTES:

1. BASE PLAN SHOWING EXISTING AND PROPOSED SITE

CONDITIONS TAKEN FROM THE FOLLOWING ELECTRONIC

MICROSTATION FILES: “Alignments.dgn,” “BDPLAN.dgn,”

“Borings.dgn,” “Bridge.dgn,” “Contours.dgn,” “RWPLAN.dgn,” “Text.dgn”

and “Topo.dgn.” MICROSTATION FILES PROVIDED TO HALEY &

ALDRICH, INC. BY TRANSYSTEMS ON 11 MARCH 2013.

2. THE AS-DRILLED LOCATION AND GROUND SURFACE ELEVATION

AT TEST BORING LOCATIONS WAS DETERMINED IN THE FILED BY

MAINEDOT USING GPS SURVEY EQUIPMENT UPON THE

COMPLETION OF DRILLING.

3. ELEVATIONS ARE IN FEET AND REFERENCE THE NORTH

AMERICAN VERTICAL DATUM OF 1988 (NAVD 88).

4. SUBSURFACE EXPLORATIONS WERE MONITORED IN THE FIELD

BY HALEY & ALDRICH, INC.  PERSONNEL.
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FIGURE 31
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NOTES:

1. BASE PLAN SHOWING EXISTING AND PROPOSED SITE

CONDITIONS TAKEN FROM THE FOLLOWING ELECTRONIC

MICROSTATION FILES: “Alignments.dgn,” “BDPLAN.dgn,”

“Borings.dgn,” “Bridge.dgn,” “Contours.dgn,” “RWPLAN.dgn,” “Text.dgn”

and “Topo.dgn.” MICROSTATION FILES PROVIDED TO HALEY &

ALDRICH, INC. BY TRANSYSTEMS ON 11 MARCH 2013.

2. THE AS-DRILLED LOCATION AND GROUND SURFACE ELEVATION

AT TEST BORING LOCATIONS WAS DETERMINED IN THE FILED BY

MAINEDOT USING GPS SURVEY EQUIPMENT UPON THE

COMPLETION OF DRILLING.

3. ELEVATIONS ARE IN FEET AND REFERENCE THE NORTH

AMERICAN VERTICAL DATUM OF 1988 (NAVD 88).

4. SUBSURFACE EXPLORATIONS WERE MONITORED IN THE FIELD

BY HALEY & ALDRICH, INC.  PERSONNEL.

0 40 80

SCALE IN FEET

G:\38799_MARTIN_BR\GLOBAL\CAD\DRAWING\38799_000 0004 LIQUEFICATION LIMITS.DWG

FIGURE 32

MARTIN MEMORIAL BRIDGE REPLACEMENT

MAINEDOT WIN 15105.00

ROUTE 232 - RUMFORD, MAINE

PLAN LIMITS OF LIQUEFACTION 

SUSCEPTIBLE SOILS IN THE VICINITY

OF ABUTMENT 2

SCALE: AS SHOWN

MARCH 2013

LEGEND

DESIGNATION, LOCATION AND GROUND

SURFACE ELEVATION OF TEST BORING

DRILLED BY MAINE TEST BORINGS OF

HERMAN, MAINE IN JUNE AND JULY 2012

DENOTES OBSERVATION WELL INSTALLED IN

COMPLETED BOREHOLE

(OW)

STATIONING ALONG EXISTING ROUTE 2 BASELINE51+00

ELEVATION CONTOUR OF EXISTING GROUND

SURFACE

APPROXIMATE PLAN LIMITS OF LIQUEFACTION

SUSCEPTIBLE AREA

PREPARED BY:

CHECKED BY:

REVIEWED BY:

BCS

JLL

WAC

3/26/13

3/26/13

3/26/13



 

 

 

 

APPENDIX A 

SUPPORTING TECHNICAL CALCULATIONS 

 SHEAR WAVE VELOCITY ESTIMATION   

 SITE‐SPECIFIC CSR & FACTOR OF SAFETY CALCULATIONS 
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Project: Martin Memorial Bridge
Rumford, ME
Subject: Soil Parameters Derivation from SPT
Prepared by: JLL
Checked by: EK (31JAN2013)
Date: 03‐Dec‐2012
File No: 38799‐000

Abutment 1 GS El. (ft) =  615.8

BB‐RAR‐110 GWr Depth (ft) =  3.2 Vs Estimation

SPT Correction

Sample 
Number

Field Description Depth (ft) El. (ft)
Original 
SPT

SPT or 
RQD Used

ASTM AASHTO PL LL PI (%)
Clay/ 
Sand

gt (pcf) gw (pcf) σv (psf) pw (psf) σ'v (psf) N Value
Length of 

Rod
Hammer 
Efficiency

CN N1 CE CB CR CS N60 (N1)60
K2,max = 

20(N1)60
0.333

Vs = (Gmax/r)
0.5 

Seed et al. (ft/s)
Factor

Vs, 
Sykora 
(ft/s)

1D Top Soil 1 614.8 4 4 ML ‐ S 115 62.4 115 0 115 4 4 60 1.7 7 1 1 0.75 1.10 3 6 36 291 250 316

2D Top Soil 3 612.8 2 2 ML ‐ S 115 62.4 345 0 345 2 6 60 1.7 3 1 1 0.75 1.10 2 3 29 341 250 350
3D Alluvial Deposits 5 610.8 3 3 SM ‐ S 115 62.4 575 112 463 3 8 60 1.7 5 1 1 0.75 1.10 2 4 32 385 250 416
4D Alluvial Deposits 7 608.8 1 1 SP‐SM ‐ S 115 62.4 805 237 568 1 10 60 1.7 2 1 1 0.75 1.10 1 1 20 322 250 369
5D Alluvial Deposits 9 606.8 0 1 SM ‐ S 115 62.4 1035 362 673 1 12 60 1.7 2 1 1 0.8 1.10 1 1 20 335 250 388
6D Alluvial Deposits 15 600.8 1 1 SP‐SM ‐ S 115 62.4 1725 736 989 1 18 60 1.4 1 1 1 0.85 1.10 1 1 20 369 250 430
7D Alluvial Deposits 20 595.8 6 6 SP‐SM ‐ S 115 62.4 2300 1048 1252 6 23 60 1.3 8 1 1 0.95 1.10 6 8 40 554 250 617
8D Alluvial Deposits 25 590.8 9 9 SW ‐ S 115 62.4 2875 1360 1515 9 28 60 1.1 10 1 1 0.95 1.10 9 11 44 612 250 691
9D Alluvial Deposits 30 585.8 10 10 SW ‐ S 115 62.4 3450 1672 1778 10 33 60 1.1 11 1 1 1 1.11 11 12 46 647 250 730
10D Glaciofluvial Deposits 35 580.8 15 15 SW ‐ S 120 62.4 4050 1984 2066 15 38 60 1.0 15 1 1 1 1.15 17 17 51 697 250 807
11D Glaciofluvial Deposits 40 575.8 13 13 SW ‐ S 120 62.4 4650 2296 2354 13 43 60 0.9 12 1 1 1 1.12 15 13 47 688 250 809
12D Glaciofluvial Deposits 45 570.8 23 23 SW ‐ S 120 62.4 5250 2608 2642 23 48 60 0.9 20 1 1 1 1.20 28 24 58 785 250 912
13D Glaciofluvial Deposits 50 565.8 17 17 SW ‐ S 120 62.4 5850 2920 2930 17 53 60 0.8 14 1 1 1 1.14 19 16 50 753 250 885
14D Glaciofluvial Deposits 55 560.8 13 13 SP  ‐ S 120 62.4 6450 3232 3218 13 58 60 0.8 10 1 1 1 1.10 14 11 44 724 250 862
15D Glaciofluvial Deposits 60 555.8 12 12 SP  ‐ S 120 62.4 7050 3544 3506 12 63 60 0.8 9 1 1 1 1.10 13 10 43 728 250 865
16D Glaciofluvial Deposits 65 550.8 11 11 SW ‐ S 120 62.4 7650 3856 3794 11 68 60 0.7 8 1 1 1 1.10 12 9 42 730 250 866
17D Glaciofluvial Deposits 70 545.8 14 14 SW ‐ S 120 62.4 8250 4168 4082 14 73 60 0.7 10 1 1 1 1.10 15 11 44 768 250 916
18D Glaciofluvial Deposits 75 540.8 15 15 SW ‐ S 120 62.4 8850 4480 4370 15 78 60 0.7 10 1 1 1 1.10 17 11 44 781 250 939
19D Glaciofluvial Deposits 80 535.8 20 20 SP ‐ S 120 62.4 9450 4792 4658 20 83 60 0.7 13 1 1 1 1.13 23 15 49 836 250 999
20D Glaciofluvial Deposits 85 530.8 18 18 SP ‐ S 120 62.4 10050 5104 4946 18 88 60 0.6 11 1 1 1 1.11 20 13 47 829 250 994
21D Glaciofluvial Deposits 90 525.8 12 12 SW ‐ S 120 62.4 10650 5416 5234 12 93 60 0.6 7 1 1 1 1.10 13 8 40 775 250 938
22D Glaciofluvial Deposits 95 520.8 15 15 SW ‐ S 120 62.4 11250 5728 5522 15 98 60 0.6 9 1 1 1 1.10 17 10 43 815 250 985
23D Glaciofluvial Deposits 100 515.8 16 16 SW ‐ S 120 62.4 11850 6040 5810 16 103 60 0.6 9 1 1 1 1.10 18 10 43 826 250 1006
24D Glaciofluvial Deposits 105 510.8 11 11 SW ‐ S 120 62.4 12450 6352 6098 11 108 60 0.6 6 1 1 1 1.10 12 7 38 788 250 953
MD Glaciofluvial Deposits 110 505.8 30 30 ‐ ‐ S 120 62.4 13050 6664 6386 30 113 60 0.6 17 1 1 1 1.17 35 20 54 949 250 1141
25D Glaciofluvial Deposits 115 500.8 43 43 SW ‐ S 120 62.4 13650 6976 6674 43 118 60 0.5 24 1 1 1 1.24 53 29 61 1021 250 1224
MD Glaciofluvial Deposits 120 495.8 23 23 ‐ ‐ S 120 62.4 14250 7288 6962 23 123 60 0.5 12 1 1 1 1.12 26 14 48 914 250 1110
26D Glacial Till 130 485.8 66 66 GW ‐ S 130 62.4 15550 7912 7638 66 133 60 0.5 34 1 1 1 1.30 86 44 71 1087 275 1484
27D Glacial Till 135 480.8 135 100 GW‐GM ‐ S 130 62.4 16200 8224 7976 100 138 60 0.5 50 1 1 1 1.30 130 65 80 1173 275 1605

Abutment 1 GS El. (ft)=  615.7

BB‐RAR‐111 GWr Depth (ft) =  3.1 ft

SPT Correction

Sample 
Number

Field Description Depth (ft) El. (ft)
Original 
SPT

SPT or 
RQD Used

ASTM AASHTO PL LL PI (%)
Clay/ 
Sand

gt (pcf) gw (pcf) σv (psf) pw (psf) σ'v (psf) N Value
Length of 

Rod
Hammer 
Efficiency

CN N1 CE CB CR CS N60 (N1)60
K2,max = 

20(N1)60
0.333

Vs = (Gmax/r)
0.5 

Seed et al. (ft/s)
Factor

Vs, 
Sykora 
(ft/s)

1D Top Soil 1 614.7 4 4 SM ‐ S 115 62.4 115 0 115 4 4 60 1.7 7 1 1 0.75 1.10 3 6 36 291 250 316
2D Alluvial Deposits 6 609.7 2 2 SM ‐ S 115 62.4 690 181 509 2 9 60 1.7 3 1 1 0.75 1.10 2 3 29 376 250 402
3D Alluvial Deposits 10 605.7 1 1 SM ‐ S 115 62.4 1150 431 719 1 13 60 1.7 2 1 1 0.85 1.10 1 2 25 383 250 396
4D Alluvial Deposits 15 600.7 2 2 SP ‐ S 115 62.4 1725 743 982 2 18 60 1.4 3 1 1 0.85 1.10 2 3 29 443 250 483
5D Alluvial Deposits 20 595.7 5 5 SW ‐ S 115 62.4 2300 1055 1245 5 23 60 1.3 6 1 1 0.95 1.10 5 7 38 541 250 598
MD Alluvial Deposits 25 590.7 12 12 ‐ ‐ S 115 62.4 2875 1367 1508 12 28 60 1.2 14 1 1 0.95 1.14 13 15 49 644 250 726
6D Alluvial Deposits 30 585.7 11 11 SW ‐ S 115 62.4 3450 1679 1771 11 33 60 1.1 12 1 1 1 1.12 12 13 47 655 250 742
7D Alluvial Deposits 35 580.7 11 11 SW ‐ S 115 62.4 4025 1991 2034 11 38 60 1.0 11 1 1 1 1.11 12 12 46 669 250 765
8D Alluvial Deposits 40 575.7 15 15 SW ‐ S 120 62.4 4625 2303 2322 15 43 60 0.9 14 1 1 1 1.14 17 16 50 710 250 828
9D Alluvial Deposits 45 570.7 19 19 SW ‐ S 120 62.4 5225 2615 2610 19 48 60 0.9 17 1 1 1 1.17 22 19 53 752 250 883
10D Alluvial Deposits 50 565.7 14 14 SW ‐ S 120 62.4 5825 2927 2898 14 53 60 0.8 12 1 1 1 1.12 16 13 47 725 250 856
11D Alluvial Deposits 55 560.7 16 16 SW ‐ S 120 62.4 6425 3239 3186 16 58 60 0.8 13 1 1 1 1.13 18 14 48 752 250 893
12D Alluvial Deposits 60 555.7 17 17 SW ‐ S 120 62.4 7025 3551 3474 17 63 60 0.8 13 1 1 1 1.13 19 15 49 777 250 918
13D Alluvial Deposits 65 550.7 13 13 SW ‐ S 120 62.4 7625 3863 3762 13 68 60 0.7 9 1 1 1 1.10 14 10 43 741 250 891
14D Alluvial Deposits 70 545.7 14 14 SW ‐ S 120 62.4 8225 4175 4050 14 73 60 0.7 10 1 1 1 1.10 15 11 44 767 250 916
15D Alluvial Deposits 75 540.7 13 13 SP ‐ S 120 62.4 8825 4487 4338 13 78 60 0.7 9 1 1 1 1.10 14 10 43 768 250 917
16D Alluvial Deposits 80 535.7 7 7 SP ‐ S 120 62.4 9425 4799 4626 7 83 60 0.7 5 1 1 1 1.10 8 5 34 695 250 836
17D Alluvial Deposits 86 529.7 16 16 SW ‐ S 120 62.4 10145 5173 4972 16 89 60 0.6 10 1 1 1 1.10 18 11 44 807 250 976
18D Alluvial Deposits 91 524.7 21 21 SW ‐ S 120 62.4 10745 5485 5260 21 94 60 0.6 13 1 1 1 1.13 24 15 49 862 250 1034
19D Alluvial Deposits 96 519.7 16 16 SW ‐ S 120 62.4 11345 5797 5548 16 99 60 0.6 10 1 1 1 1.10 18 11 44 830 250 998
20D Alluvial Deposits 101 514.7 21 21 SW ‐ S 120 62.4 11945 6109 5836 21 104 60 0.6 12 1 1 1 1.12 24 14 48 874 250 1056
21D Alluvial Deposits 111 504.7 26 26 SW ‐ S 120 62.4 13145 6733 6412 26 114 60 0.6 15 1 1 1 1.15 30 17 51 925 250 1116
22D Alluvial Deposits 120 495.7 22 22 SW ‐ S 120 62.4 14225 7295 6930 22 123 60 0.5 12 1 1 1 1.12 25 13 47 902 250 1102
23D Bedrock 130.5 485.2 80 80 ‐ S 140 62.4 15695 7950 7745 80 134 60 0.5 41 1 1 1 1.30 104 53 ‐ ‐ ‐ ‐

Lab/Field

Stress CalculationsLab/Field

Stress Calculations
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SHEAR WAVE VELOCITY ESTIMATION ABUTMENT 1



Abutment 1 GS El. (ft) =  615.4

BB‐RAR‐112 GWr Depth (ft) =  2.8

SPT Correction

Sample 
Number

Field Description Depth (ft) El. (ft)
Original 
SPT

SPT or 
RQD Used

ASTM AASHTO PL LL PI (%)
Clay/ 
Sand

gt (pcf) gw (pcf) σv (psf) pw (psf) σ'v (psf) N Value
Length of 

Rod
Hammer 
Efficiency

CN N1 CE CB CR CS N60 (N1)60
K2,max = 

20(N1)60
0.333

Vs = (Gmax/r)
0.5 

Seed et al. (ft/s)
Factor

Vs, 
Sykora 
(ft/s)

1D Top Soil 1 614.4 3 3 ML ‐ S 115 62.4 115 0 115 3 4 60 1.7 5 1 1 0.75 1.10 2 4 32 272 250 301
2D Top Soil 3 612.4 2 2 SM ‐ S 115 62.4 345 12 333 2 6 60 1.7 3 1 1 0.75 1.10 2 3 29 338 250 350
3D Alluvial Deposits 5 610.4 2 2 SP‐SM ‐ S 115 62.4 575 137 438 2 8 60 1.7 3 1 1 0.75 1.10 2 3 29 362 250 388
4D Alluvial Deposits 7 608.4 0 1 SP‐SM ‐ S 115 62.4 805 262 543 1 10 60 1.7 2 1 1 0.75 1.10 1 1 20 318 250 369
5D Alluvial Deposits 9 606.4 2 2 SP‐SM ‐ S 115 62.4 1035 387 648 2 12 60 1.7 3 1 1 0.8 1.10 2 3 29 399 250 436
6D Alluvial Deposits 15 600.4 4 4 SP‐SM ‐ S 115 62.4 1725 761 964 4 18 60 1.4 6 1 1 0.85 1.10 4 5 34 480 250 544
7D Alluvial Deposits 20 595.4 6 6 SP ‐ S 115 62.4 2300 1073 1227 6 23 60 1.3 8 1 1 0.95 1.10 6 8 40 551 250 617
8D Alluvial Deposits 25 590.4 7 7 SP ‐ S 115 62.4 2875 1385 1490 7 28 60 1.2 8 1 1 0.95 1.10 7 8 40 578 250 663
9D Alluvial Deposits 30 585.4 14 14 SP ‐ S 115 62.4 3450 1697 1753 14 33 60 1.1 15 1 1 1 1.15 16 17 51 683 250 773
10D Alluvial Deposits 35 580.4 9 9 SP ‐ S 115 62.4 4025 2009 2016 9 38 60 1.0 9 1 1 1 1.10 10 10 43 647 250 740
11D Alluvial Deposits 40 575.4 16 16 SP ‐ S 115 62.4 4600 2321 2279 16 43 60 0.9 15 1 1 1 1.15 18 17 51 729 250 838
12D Alluvial Deposits 45 570.4 22 22 SW ‐ S 115 62.4 5175 2633 2542 22 48 60 0.9 20 1 1 1 1.20 26 23 57 788 250 905
13D Alluvial Deposits 50 565.4 8 8 SW ‐ S 115 62.4 5750 2945 2805 8 53 60 0.8 7 1 1 1 1.10 9 7 38 663 250 779

Abutment 1 GS El. (ft) =  615.8

BB‐RAR‐113 GWr Depth (ft) =  3.2

SPT Correction

Sample 
Number

Field Description Depth (ft) El. (ft)
Original 
SPT

SPT or 
RQD Used

ASTM AASHTO PL LL PI (%)
Clay/ 
Sand

gt (pcf) gw (pcf) σv (psf) pw (psf) σ'v (psf) N Value
Length of 

Rod
Hammer 
Efficiency

CN N1 CE CB CR CS N60 (N1)60
K2,max = 

20(N1)60
0.333

Vs = (Gmax/r)
0.5 

Seed et al. (ft/s)
Factor

Vs, 
Sykora 
(ft/s)

1D Top Soil 1 614.8 4 4 SM ‐ S 115 62.4 115 0 115 4 4 60 1.7 7 1 1 0.75 1.10 3 6 36 291 250 316
2D Alluvial Deposits 3 612.8 1 1 SM ‐ S 115 62.4 345 0 345 1 6 60 1.7 2 1 1 0.75 1.10 1 1 20 284 250 311
3D Alluvial Deposits 5 610.8 1 1 SP‐SM ‐ S 115 62.4 575 112 463 1 8 60 1.7 2 1 1 0.75 1.10 1 1 20 305 250 345
4D Alluvial Deposits 7 608.8 0 1 SM ‐ S 115 62.4 805 237 568 1 10 60 1.7 2 1 1 0.75 1.10 1 1 20 322 250 369
5D Alluvial Deposits 9 606.8 0 1 SP‐SM ‐ S 115 62.4 1035 362 673 1 12 60 1.7 2 1 1 0.8 1.10 1 1 20 335 250 388
6D Alluvial Deposits 15 600.8 1 1 SP‐SM ‐ S 115 62.4 1725 736 989 1 18 60 1.4 1 1 1 0.85 1.10 1 1 20 369 250 430
7D Alluvial Deposits 20 595.8 4 4 SW ‐ S 115 62.4 2300 1048 1252 4 23 60 1.3 5 1 1 0.95 1.10 4 5 34 512 250 576
8D Alluvial Deposits 25 590.8 4 4 SW ‐ S 115 62.4 2875 1360 1515 4 28 60 1.1 5 1 1 0.95 1.10 4 5 34 537 250 602
9D Alluvial Deposits 30 585.8 12 12 SP ‐ S 115 62.4 3450 1672 1778 12 33 60 1.1 13 1 1 1 1.13 14 14 48 664 250 753
10D Alluvial Deposits 35 580.8 11 11 SP ‐ S 115 62.4 4025 1984 2041 11 38 60 1.0 11 1 1 1 1.11 12 12 46 670 250 765
11D Alluvial Deposits 40 575.8 10 10 SW ‐ S 115 62.4 4600 2296 2304 10 43 60 0.9 9 1 1 1 1.10 11 10 43 669 250 773
12D Alluvial Deposits 45 570.8 9 9 SW ‐ S 115 62.4 5175 2608 2567 9 48 60 0.9 8 1 1 1 1.10 10 9 42 676 250 778
13D Alluvial Deposits 50 565.8 12 12 ‐ ‐ S 115 62.4 5750 2920 2830 12 53 60 0.8 10 1 1 1 1.10 13 11 44 716 250 834

Abutment 1 GS El. (ft) =  615.3

BB‐RAR‐114 GWr Depth (ft) =  2.7

SPT Correction

Sample 
Number

Field Description Depth (ft) El. (ft)
Original 
SPT

SPT or 
RQD Used

ASTM AASHTO PL LL PI (%)
Clay/ 
Sand

gt (pcf) gw (pcf) σv (psf) pw (psf) σ'v (psf) N Value
Length of 

Rod
Hammer 
Efficiency

CN N1 CE CB CR CS N60 (N1)60
K2,max = 

20(N1)60
0.333

Vs = (Gmax/r)
0.5 

Seed et al. (ft/s)
Factor

Vs, 
Sykora 
(ft/s)

1D Top Soil 1 614.8 3 3 SM ‐ S 115 62.4 115 0 115 3 4 60 1.7 5 1 1 0.75 1.10 2 4 32 272 250 301
2D Top Soil 3 612.8 1 1 ML ‐ S 115 62.4 345 19 326 1 6 60 1.7 2 1 1 0.75 1.10 1 1 20 280 250 311
3D Alluvial Deposits 5 610.8 0 1 SM ‐ S 115 62.4 575 144 431 1 8 60 1.7 2 1 1 0.75 1.10 1 1 20 300 250 345
4D Alluvial Deposits 7 608.8 1 1 SM ‐ S 115 62.4 805 268 537 1 10 60 1.7 2 1 1 0.75 1.10 1 1 20 317 250 369
5D Alluvial Deposits 9 606.8 0 1 SP‐SM ‐ S 115 62.4 1035 393 642 1 12 60 1.7 2 1 1 0.8 1.10 1 1 20 332 250 388
6D Alluvial Deposits 15 600.8 1 1 SM ‐ S 115 62.4 1725 768 957 1 18 60 1.4 1 1 1 0.85 1.10 1 1 20 366 250 430
7D Alluvial Deposits 20 595.8 6 6 SW ‐ S 115 62.4 2300 1080 1220 6 23 60 1.3 8 1 1 0.95 1.10 6 8 40 550 250 617
8D Alluvial Deposits 25 590.8 5 5 SW ‐ S 115 62.4 2875 1392 1483 5 28 60 1.2 6 1 1 0.95 1.10 5 6 36 551 250 626
9D Alluvial Deposits 30 585.8 5 5 SW ‐ S 115 62.4 3450 1704 1746 5 33 60 1.1 5 1 1 1 1.10 6 6 36 574 250 649
10D Alluvial Deposits 35 580.8 5 5 SW ‐ S 115 62.4 4025 2016 2009 5 38 60 1.0 5 1 1 1 1.10 6 5 34 576 250 669
11D Alluvial Deposits 40 575.8 7 7 SW ‐ S 115 62.4 4600 2328 2272 7 43 60 0.9 7 1 1 1 1.10 8 7 38 629 250 728
12D Alluvial Deposits 45 570.8 5 5 SW ‐ S 115 62.4 5175 2640 2535 5 48 60 0.9 4 1 1 1 1.10 6 5 34 611 250 704
13D Alluvial Deposits 50 565.8 8 8 SW ‐ S 115 62.4 5750 2952 2798 8 53 60 0.8 7 1 1 1 1.10 9 7 38 662 250 779

Lab/Field Stress Calculations

Lab/Field Stress Calculations

Lab/Field Stress Calculations
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Project: Martin Memorial Bridge
Rumford, ME
Subject: Soil Parameters Derivation from SPT
Prepared by: JLL
Checked by: EK (31JAN2013)
Date: 03‐Dec‐2012
File No: 38799‐000

Abutment 2 GS El. (ft) =  599.6

BB‐RAR‐119 GWr Depth (ft) =  0.0

SPT Correction

Sample 
Number

Field Description Depth (ft) El. (ft)
Original 
SPT

SPT or 
RQD Used

ASTM AASHTO PL LL PI (%)
Clay/ 
Sand

gt (pcf) gw (pcf) σv (psf) pw (psf) σ'v (psf) N Value Length of 
Rod

Hammer 
Efficiency

CN N1 CE CB CR CS N60 (N1)60
K2,max = 

20(N1)60
0.333

Vs = 

(Gmax/r)
0.5 

Seed et al. 
(ft/s)

Factor
Vs, 

Sykora 
(ft/s)

1D Alluvial Deposits 1 598.6 1 1 SP ‐ S 115 62.4 115 62 53 1 4 60 1.7 2 1 1 0.75 1.10 1 1 20 371 250 435
2D Alluvial Deposits 4 595.6 22 22 SP ‐ S 115 62.4 460 250 210 22 7 60 1.7 37 1 1 0.75 1.30 21 36 66 698 250 762
3D Alluvial Deposits 9 590.6 7 7 SP ‐ S 115 62.4 1035 562 473 7 12 60 1.7 12 1 1 0.8 1.12 6 11 44 603 250 657
4D Alluvial Deposits 14 585.6 7 7 SP ‐ S 115 62.4 1610 874 736 7 17 60 1.6 12 1 1 0.85 1.12 7 11 44 629 250 682
5D Alluvial Deposits 19 580.6 11 11 SP ‐ S 115 62.4 2185 1186 999 11 22 60 1.4 16 1 1 0.95 1.16 12 17 51 702 250 761
6D Alluvial Deposits 24 575.6 9 9 SP ‐ S 115 62.4 2760 1498 1262 9 27 60 1.3 11 1 1 0.95 1.11 10 12 46 683 250 756
7D Alluvial Deposits 29 570.6 7 7 SP ‐ S 115 62.4 3335 1810 1525 7 32 60 1.1 8 1 1 1 1.10 8 9 42 670 250 742
8D Alluvial Deposits 34 565.6 6 6 SP ‐ S 115 62.4 3910 2122 1788 6 37 60 1.1 6 1 1 1 1.10 7 7 38 659 250 738
9D Glaciofluvial Deposits 39 560.6 17 17 SW ‐ S 120 62.4 4510 2434 2076 17 42 60 1.0 17 1 1 1 1.17 20 19 53 781 250 899
10D Glaciofluvial Deposits 44 555.6 25 25 SM ‐ S 120 62.4 5110 2746 2364 25 47 60 0.9 23 1 1 1 1.23 31 28 61 852 250 977
11D Glaciofluvial Deposits 48.5 551.1 39 39 SM ‐ S 120 62.4 5650 3026 2624 39 52 60 0.9 34 1 1 1 1.30 51 44 71 936 250 1069
12D Glaciofluvial Deposits 54 545.6 ‐ ‐ SP ‐ S 120 62.4 6310 3370 2940 ‐ 57 60 0.8 1 1 1 1.10
13D Glaciofluvial Deposits 59 540.6 ‐ ‐ SP ‐ S 120 62.4 6910 3682 3228 ‐ 62 60 0.8 1 1 1 1.10
14D Glaciofluvial Deposits 53.5 546.1 154 100 SP ‐ S 120 62.4 6250 3338 2912 100 57 60 0.8 83 1 1 1 1.30 130 108 95 1108 250 1274
15D Glacial Till 69 530.6 ‐ 100 SW ‐ S 130 62.4 8265 4306 3959 100 72 60 0.7 71 1 1 1 1.30 130 92 90 1101 275 1459
16D Glacial Till 74 525.6 ‐ 100 SW ‐ S 130 62.4 8915 4618 4297 100 77 60 0.7 68 1 1 1 1.30 130 89 89 1113 275 1476
17D Glacial Till 79 520.6 ‐ 100 SW ‐ S 130 62.4 9565 4930 4635 100 82 60 0.7 66 1 1 1 1.30 130 85 88 1122 275 1493
18D Glacial Till 83 516.6 ‐ 100 SM ‐ S 130 62.4 10085 5179 4906 100 86 60 0.6 64 1 1 1 1.30 130 83 87 1131 275 1505
19D Glacial Till 88 511.6 ‐ 100 SM ‐ S 130 62.4 10735 5491 5244 100 91 60 0.6 62 1 1 1 1.30 130 80 86 1140 275 1520

Abutment 2 GS El. (ft)=  600.1

BB‐RAR‐120 GWr Depth (ft) =  0.0 ft

SPT Correction

Sample 
Number

Field Description Depth (ft) El. (ft)
Original 
SPT

SPT or 
RQD Used

ASTM AASHTO PL LL PI (%)
Clay/ 
Sand

gt (pcf) gw (pcf) σv (psf) pw (psf) σ'v (psf) N Value Length of 
Rod

Hammer 
Efficiency

CN N1 CE CB CR CS N60 (N1)60
K2,max = 

20(N1)60
0.333

Vs = 

(Gmax/r)
0.5 

Seed et al. 
(ft/s)

Factor
Vs, 

Sykora 
(ft/s)

1D Alluvial Deposits 1 599.1 0 1 SM ‐ S 115 62.4 115 62 53 1 4 60 1.7 2 1 1 0.75 1.10 1 1 20 374 250 435
2D Alluvial Deposits 5 595.1 21 21 SM ‐ S 115 62.4 575 312 263 21 8 60 1.7 36 1 1 0.75 1.30 20 35 65 707 250 764
3D Alluvial Deposits 10 590.1 7 7 SP‐SM ‐ S 115 62.4 1150 624 526 7 13 60 1.7 12 1 1 0.85 1.12 7 11 44 612 250 663
4D Alluvial Deposits 15 585.1 8 8 SP ‐ S 115 62.4 1725 936 789 8 18 60 1.6 13 1 1 0.85 1.13 8 12 46 646 250 703
5D Alluvial Deposits 20 580.1 7 7 SP ‐ S 115 62.4 2300 1248 1052 7 23 60 1.4 10 1 1 0.95 1.10 7 10 43 649 250 709
6D Alluvial Deposits 25 575.1 12 12 SM ‐ S 115 62.4 2875 1560 1315 12 28 60 1.2 15 1 1 0.95 1.15 13 16 50 723 250 798
7D Alluvial Deposits 30 570.1 16 16 SM ‐ S 115 62.4 3450 1872 1578 16 33 60 1.1 18 1 1 1 1.18 19 21 55 778 250 858
8D Alluvial Deposits 35 565.1 10 10 SM ‐ S 115 62.4 4025 2184 1841 10 38 60 1.0 10 1 1 1 1.10 11 12 46 726 250 809
9D Alluvial Deposits 40 560.1 20 20 SM ‐ S 115 62.4 4600 2496 2104 20 43 60 1.0 19 1 1 1 1.19 24 23 57 827 250 927
10D Glaciofluvial Deposits 45 555.1 5 5 ML ‐ S 115 62.4 5175 2808 2367 5 48 60 0.9 5 1 1 1 1.10 6 5 34 655 250 745
11D Glaciofluvial Deposits 50 550.1 29 29 ML ‐ S 120 62.4 5775 3120 2655 29 53 60 0.9 25 1 1 1 1.25 36 32 63 892 250 1021
12D Glaciofluvial Deposits 55 545.1 23 23 SM ‐ S 120 62.4 6375 3432 2943 23 58 60 0.8 19 1 1 1 1.19 27 23 57 860 250 996
13D Glaciofluvial Deposits 60 540.1 14 14 SM ‐ S 120 62.4 6975 3744 3231 14 63 60 0.8 11 1 1 1 1.11 16 12 46 786 250 929
14D Glaciofluvial Deposits 65 535.1 38 38 SW ‐ S 120 62.4 7575 4056 3519 38 68 60 0.8 29 1 1 1 1.29 49 37 67 963 250 1115
15D Glaciofluvial Deposits 75 525.1 100/5" 100 SM ‐ S 120 62.4 8775 4680 4095 100 78 60 0.7 70 1 1 1 1.30 130 91 90 1153 250 1345
16D Glaciofluvial Deposits 79.5 520.6 100/6" 100 SW‐SM ‐ S 120 62.4 9315 4961 4354 100 83 60 0.7 68 1 1 1 1.30 130 88 89 1161 250 1358
MD Glacial Till 84 516.1 100/6" 100 ‐ ‐ S 130 62.4 9900 5242 4658 100 87 60 0.7 66 1 1 1 1.30 130 85 88 1125 275 1508

Lab/Field Stress Calculations

Lab/Field Stress Calculations
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OBJECTIVE:

Estimate the shear wave velocity of bedrock at the site.

METHODOLOGY:

1.  Evaluate rock quality across the site according to rock core logs.

2.  Determine stiffness properties of weathered and competent rock.

3.  Calculate shear wave velocity of weathered and competent rock.

1. Rock Quality Designation

RQD (Rock Quality Designation) is reported on the rock core logs. These information from various borings are summarized

in the next table. RQD profile is also plotted versus elevation and depth below top of rock.

Based on the presented information, we assume RQD = 10% for weathered rock and RQD = 70% for the competent rock.

Subject Rock Properties for Seismic Analysis Checked By JLL

Client Maine Department of Transportation Date 1/7/2013

Project Martin Memorial Bridge Replacement - Rumford, Maine Computed By EK

CALCULATIONS File No. 38799-000

Sheet 1 3

2. Rock Properties

According to Table C10.4.6.5-1 of AASHTO LRFD Bridge Design Specification, Mean Elastic Moduli of Intact Gneiss is:

Ei = (ksi) = (ksf) = (psf)

The ratio of elastic modulus of rock mass over intact rock is estimated according to Table 10.4.6.5-1 of AASHTO LRFD 

Bridge Design Specification, estimated RQD, and description of joint conditions in the boring logs. 

For Weathered Rock: Em/Ei = Therefore; Em = (psf)
For Competent Rock: Em/Ei = Therefore; Em = (psf)

According to Table C10.4.6.5-2 of AASHTO LRFD Bridge Design Specification, Mean Poisson's Ratio of Intact Gneiss is:

ν = 0.22
We assume that Poisson's ratio of intact rock and rock mass is equal.

Unit weight of rock is assumed as 170 (pcf). Therefore the density is calculated as:

ρ = 170 (pcf) / 32.2 (ft/sec2) = 5.28 (slug/ft3)

3. Calculation of Shear Wave Velocity

Shear Modulus of rock mass is calculated for weathered rock and competent rock: G = E / 2 (1+ν) 
Shear wave velocity of rock mass is calculated using this equation: Vs = sqrt (G/ρ)

For Weathered Rock: G = (psf) and Vs = (fps) = (m/sec)
For Competent Rock: G = (psf) and Vs = (fps) = (m/sec)
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Rock Quality Designation

Subject Rock Properties for Seismic Analysis Checked By JLL

Client Maine Department of Transportation Date 1/7/2013

Project Martin Memorial Bridge Replacement - Rumford, Maine Computed By EK

CALCULATIONS File No. 38799-000

Sheet 2 3

Boring No.
Sample 
No.

Beginning 
Depth

Ending 
Depth

Average 
Depth

GS 
Elevation

Top of Bedrock 
Elevation

Average 
Elevation

Depth below 
Top of Rock

Penetration Recovery Recovery RQD

(ft) (ft) (ft) (ft) (ft) (ft) (ft) (in) (in) (%) (%)

BB‐RAR‐110 R1 137.0 142.0 139.5 615.8 479.3 476.3 3.0 60 54 90% 80%
R2 142.0 146.4 144.2 615.8 479.3 471.6 7.7 52.8 53 100% 97%

BB‐RAR‐111 R1 130.8 135.8 133.3 615.7 485.2 482.4 2.8 60 49 82% 82%
R2 135.8 140.8 138.3 615.7 485.2 477.4 7.8 60 55 92% 92%

BB‐RAR‐115 R1 116.3 121.3 118.8 597.1 481.1 478.3 2.8 60 48 80% 73%
R2 121.3 126.3 123.8 597.1 481.1 473.3 7.8 60 56 93% 38%

BB‐RAR‐116 R1 93 98 95.5 597.1 505.6 501.6 4.0 60 14 23% 12%
R2 98 101.2 99.6 597.1 505.6 497.5 8.1 38.4 9 23% 0%
R3 101.2 102.4 101.8 597.1 505.6 495.3 10.3 14.4 14 97% 0%
R4 102.4 103.3 102.85 597.1 505.6 494.25 11.4 10.8 10.8 100% 0%
R5 103.3 104.4 103.85 597.1 505.6 493.25 12.4 13.2 12 91% 29%
R6 104.4 106.9 105.65 597.1 505.6 491.45 14.2 30 30 100% 80%
R7 106.9 110.9 108.9 597.1 505.6 488.2 17.4 48 41 85% 52%
R8 110.9 111.9 111.4 597.1 505.6 485.7 19.9 12 12 100% 58%

BB‐RAR‐117 R1 121 122.5 121.75 596.1 476.6 474.35 2.3 18 6 33% 22%

Note:
 - Information obtained from rock coring data reported in the boring logs.
 - For the exploration plan please referee to the geotechnical data report.

Z:\PROJECTS\38799 ‐ martin memorial bridge\Calculations\Seismic\Site‐Specific Liquefaction\Vs Estimation\[2013‐0108‐HAI‐MMB‐Soil Parameter Derivation and Vs Estimation for Each Substructure from SPT N‐D09.xlsx]Abutment 2

BB‐RAR‐118 R1 72.4 77.4 74.9 596.8 526.8 521.9 4.9 60 60 100% 65%
R2 77.4 82.4 79.9 596.8 526.8 516.9 9.9 60 62 103% 40%

BB‐RAR‐119 R1 88.9 93.7 91.3 599.6 511.3 508.3 3.0 57.6 32 56% 55%
93.7 97.9 95.8 599.6 511.3 503.8 7.5 50.4 42 83% 83%

BB‐RAR‐120 R1 89 92 90.5 600.1 514.1 509.6 4.5 36 36 100% 12%
R2 92 96.7 94.35 600.1 514.1 505.75 8.4 56.4 30 53% 0%
R3 96.7 100.7 98.7 600.1 514.1 501.4 12.7 48 24 50% 0%
R4 100.7 103.6 102.15 600.1 514.1 497.95 16.2 34.8 18 52% 0%
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RQD Profile

Subject Rock Properties for Seismic Analysis Checked By JLL

Client Maine Department of Transportation Date 1/7/2013

Project Martin Memorial Bridge Replacement - Rumford, Maine Computed By EK

CALCULATIONS File No. 38799-000

Sheet 3 3
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Boring No.
Sample 
No.

Beginning 
Depth

Ending 
Depth

Average 
Depth

GS 
Elevation

Top of Bedrock 
Elevation

Average 
Elevation

Depth below Top 
of Rock

Penetration Recovery Recovery RQD

(ft) (ft) (ft) (ft) (ft) (ft) (ft) (in) (in) (%) (%)

BB‐RAR‐110 R1 137.0 142.0 139.5 615.8 479.3 476.3 3.0 60 54 90% 80%
R2 142.0 146.4 144.2 615.8 479.3 471.6 7.7 52.8 53 100% 97%

BB‐RAR‐111 R1 130.8 135.8 133.3 615.7 485.2 482.4 2.8 60 49 82% 82%
R2 135.8 140.8 138.3 615.7 485.2 477.4 7.8 60 55 92% 92%

BB‐RAR‐115 R1 116.3 121.3 118.8 597.1 481.1 478.3 2.8 60 48 80% 73%
R2 121.3 126.3 123.8 597.1 481.1 473.3 7.8 60 56 93% 38%

BB‐RAR‐116 R1 93 98 95.5 597.1 505.6 501.6 4.0 60 14 23% 12%
R2 98 101.2 99.6 597.1 505.6 497.5 8.1 38.4 9 23% 0%
R3 101.2 102.4 101.8 597.1 505.6 495.3 10.3 14.4 14 97% 0%
R4 102.4 103.3 102.85 597.1 505.6 494.25 11.4 10.8 10.8 100% 0%
R5 103.3 104.4 103.85 597.1 505.6 493.25 12.4 13.2 12 91% 29%
R6 104.4 106.9 105.65 597.1 505.6 491.45 14.2 30 30 100% 80%
R7 106.9 110.9 108.9 597.1 505.6 488.2 17.4 48 41 85% 52%
R8 110.9 111.9 111.4 597.1 505.6 485.7 19.9 12 12 100% 58%

BB‐RAR‐117 R1 121 122.5 121.75 596.1 476.6 474.35 2.3 18 6 33% 22%

BB‐RAR‐118 R1 72.4 77.4 74.9 596.8 526.8 521.9 4.9 60 60 100% 65%
R2 77.4 82.4 79.9 596.8 526.8 516.9 9.9 60 62 103% 40%
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BB‐RAR‐110
BB‐RAR‐111
BB‐RAR‐115

BB‐RAR‐119 R1 88.9 93.7 91.3 599.6 511.3 508.3 3.0 57.6 32 56% 55%
93.7 97.9 95.8 599.6 511.3 503.8 7.5 50.4 42 83% 83%

BB‐RAR‐120 R1 89 92 90.5 600.1 514.1 509.6 4.5 36 36 100% 12%
R2 92 96.7 94.35 600.1 514.1 505.75 8.4 56.4 30 53% 0%
R3 96.7 100.7 98.7 600.1 514.1 501.4 12.7 48 24 50% 0%
R4 100.7 103.6 102.15 600.1 514.1 497.95 16.2 34.8 18 52% 0%

Average 525 42%
470 42%

Ave. Used for Comp. Rock 70 525 2 60%
470 22 60%

Ave. Used for Weath. Rock 525 2 10%
470 22 10%

Martin Memorial Bridge

Rumford, ME
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Stress Ratio Profiles at Abutment 1
STATISTICS tave/tmax =  0.65

Min. Ave.‐1SD Average Ave.+1SD Max.
Depth Elevation

Min. CSRAve.‐1SD CS
Average 
CSR

Ave.+1SD CSR Max. CSR

(ft) (ft) Site‐Specific CSR
Min. Ave.+/‐1SD Average Ave.+1SD Max.

0.208 0.203 0.324 0.445 0.657 2.5 612.5 0.135 0.132 0.211 0.289055 0.427
0.184 0.188 0.291 0.393 0.562 7.5 607.5 0.120 0.123 0.189 0.255755 0.365
0.127 0.149 0.243 0.337 0.465 12.5 602.5 0.083 0.097 0.158 0.219184 0.302
0.099 0.125 0.210 0.295 0.383 17.5 597.5 0.065 0.082 0.137 0.191576 0.249
0.079 0.108 0.183 0.257 0.319 22.5 592.5 0.052 0.070 0.119 0.167335 0.207
0.079 0.099 0.164 0.230 0.273 27.5 587.5 0.051 0.064 0.107 0.149343 0.177
0.074 0.095 0.151 0.208 0.240 32.5 582.5 0.048 0.062 0.098 0.135291 0.156
0.073 0.089 0.140 0.190 0.212 37.5 577.5 0.047 0.058 0.091 0.123815 0.138
0.069 0.084 0.131 0.177 0.204 42.5 572.5 0.045 0.055 0.085 0.115219 0.133
0.066 0.080 0.123 0.166 0.198 47.5 567.5 0.043 0.052 0.080 0.107862 0.128
0.060 0.073 0.112 0.152 0.188 55 560 0.039 0.047 0.073 0.098645 0.122
0.051 0.063 0.102 0.140 0.177 65 550 0.033 0.041 0.066 0.091012 0.115
0.043 0.056 0.094 0.132 0.165 75 540 0.028 0.036 0.061 0.085791 0.107
0.038 0.050 0.087 0.124 0.157 85 530 0.025 0.032 0.056 0.080495 0.102
0.038 0.046 0.081 0.116 0.150 95 520 0.025 0.030 0.053 0.075522 0.098
0.032 0.042 0.076 0.109 0.143 105 510 0.021 0.028 0.049 0.070746 0.093
0.026 0.038 0.068 0.099 0.132 117.5 497.5 0.017 0.024 0.044 0.064442 0.086
0.030 0.035 0.062 0.090 0.121 130 485 0.019 0.023 0.041 0.058533 0.078

Legend (Do not Delete)
Profile from DeepSoil

Prepared by: JLL

Max Stress Ratio (shear/eff. vert.) CSR = 0.65*Max Stress Ratio (shear/eff. vert.)
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Stress Ratio Profiles at Abutment 2
Average tave/tmax =  0.65

Min. Ave.‐1SD Average Ave.+1SD Max.
Depth Elevation

Min. CSR Ave.‐1SD CSR
Average 
CSR

Ave.+1SD CSR Max. CSR

(ft) (ft) Site‐Specific CSR
Min./Max Ave.+/‐1SD Average Ave.+1SD Max.

0.238 0.248 0.363 0.477 0.626 2.5 612.5 0.155 0.161 0.236 0.310 0.407
0.209 0.224 0.320 0.415 0.560 7.5 607.5 0.136 0.146 0.208 0.270 0.364
0.148 0.178 0.262 0.347 0.466 12.5 602.5 0.096 0.115 0.170 0.225 0.303
0.103 0.153 0.224 0.296 0.370 17.5 597.5 0.067 0.100 0.146 0.192 0.240
0.079 0.138 0.200 0.262 0.339 22.5 592.5 0.051 0.090 0.130 0.170 0.220
0.080 0.131 0.184 0.237 0.291 27.5 587.5 0.052 0.085 0.119 0.154 0.189
0.077 0.120 0.171 0.222 0.282 32.5 582.5 0.050 0.078 0.111 0.144 0.184
0.068 0.109 0.159 0.208 0.261 37.5 577.5 0.044 0.071 0.103 0.135 0.170
0.062 0.101 0.148 0.195 0.227 42.5 572.5 0.040 0.066 0.096 0.127 0.147
0.057 0.093 0.137 0.182 0.197 47.5 567.5 0.037 0.060 0.089 0.118 0.128
0.051 0.086 0.129 0.172 0.191 52.5 562.5 0.033 0.056 0.084 0.112 0.124
0.045 0.076 0.117 0.158 0.181 60 555 0.029 0.050 0.076 0.103 0.118
0.040 0.070 0.106 0.142 0.167 70 545 0.026 0.045 0.069 0.092 0.108
0.036 0.065 0.097 0.129 0.153 80 535 0.023 0.042 0.063 0.084 0.100
0.037 0.060 0.088 0.116 0.139 90 525 0.024 0.039 0.057 0.075 0.090
0.040 0.055 0.081 0.107 0.129 99 516 0.026 0.036 0.053 0.070 0.084
0.041 0.051 0.075 0.099 0.119 109 506 0.027 0.033 0.049 0.065 0.077

Legend (Do not Delete)
Profiles from DeepSoil

Prepared by: JLL

Max Stress Ratio (shear/eff. vert.) CSR = 0.65*Max Stress Ratio (shear/eff. vert.)
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CALCULATION OF CSR AND CRR IN ACCORDANCE WITH YOUD & IDRISS (2001) ‐ WEST APPROACH & ABUTMENT 1

MARTIN MEMORIAL BRIDGE REPLACEMENT

MAINEDOT PIN 15105.00

ROUTE 232 ‐ RUMFORD, MAINE

HALEY & ALDRICH, INC. FILE NO.: 38799‐000

INPUT PARAMETERS:

peak ground acceleration (amax) = 0.218 g
Prepared by: JLL

EQ magnitude = 6.25 Checked by: EK

magnitude scaling factor (MSF) = 1.60

Min FS required = 1

BB‐RAR‐107

Ground Surface Elevation = 612.9 ft, NAVD 88

Groundwater Elevation = 612.9 ft, NAVD 88

Height of Finish Grade Above Existing = 0 ft

Final Ground Surface Elevation = 612.9 ft, NAVD 88 Site-Specific Liquefaction

CRRM=MSF*CRR7.5
CSR FS

1D 1.0 611.9 1.0 6 12 0.053 0.053 0.115 0.206
0.29 0.72

2D 3.0 609.9 3.0 4 10 0.158 0.158 0.345 0.182
0.27 0.67

3D 5.0 607.9 5.0 4 10 0.263 0.263 0.575 0.182
0.26 0.70

Final            
Effective        
Stress (ksf)

Sample No.
Final Depth 

Below Ground 
Surface (ft)

Elevation        
(ft, NAVD 88)

Current Depth 
Below Ground 
Surface (ft)

(N1)60 (N1)60,CS

Current 
Effective 
Stress (ksf)

Final                 Total 
Stress (ksf)

Haley Aldrich, Inc.
G:\38799\Calculations\Site‐Specific Liquefaction\2013‐0524‐HAI‐MMB‐Site‐Specific Liquefaction Assessment‐REV Q1‐1‐F.xlsx 5/24/2013

4D 7.0 605.9 7.0 6 10 0.368 0.368 0.805 0.176
0.24 0.72

5D 9.0 603.9 9.0 11 11 0.473 0.473 1.035 0.190
0.23 0.83

6D 15.0 597.9 15.0 9 9 0.789 0.789 1.725 0.169
0.19 0.87

7D 20.0 592.9 20.0 19 19 1.052 1.052 2.300 0.321
0.17 1.90

8D 25.0 587.9 25.0 13 13 1.315 1.315 2.875 0.232
0.15 1.54

9D 30.0 582.9 30.0 9 9 1.578 1.578 3.450 0.165
0.14 1.21

10D 35.0 577.9 35.0 11 11 1.841 1.841 4.025 0.189
0.12 1.51

BB‐RAR‐108

Ground Surface Elevation = 615.5 ft, NAVD 88

Groundwater Elevation = 613.1 ft, NAVD 88

Height of Finish Grade Above Existing = 0 ft

Final Ground Surface Elevation = 615.5 ft, NAVD 88 Site-Specific Liquefaction

CRRM=MSF*CRR7.5
CSR FS

1D 1.0 614.5 1.0 3 8 0.115 0.115 0.115 0.158

2D 3.0 612.5 3.0 3 8 0.308 0.308 0.345 0.158
0.29 0.55

3D 5.0 610.5 5.0 1 7 0.413 0.413 0.575 0.136
0.28 0.49

4D 7.0 608.5 7.0 4 5 0.518 0.518 0.805 0.117
0.26 0.45

5D 9.0 606.5 9.0 11 11 0.623 0.623 1.035 0.190
0.25 0.77

6D 15.0 600.5 15.0 8 8 0.939 0.939 1.725 0.158
0.21 0.76

Sample No.
Current Depth 
Below Ground 
Surface (ft)

Elevation        
(ft, NAVD 88)

Final Depth 
Below Ground 
Surface (ft)

(N1)60 (N1)60,CS

Current 
Effective 
Stress (ksf)

Final            
Effective        
Stress (ksf)

Final                 Total 
Stress (ksf)

0.21 0.76

7D 20.0 595.5 20.0 8 8 1.202 1.202 2.300 0.157
0.18 0.86

8D 25.0 590.5 25.0 7 7 1.465 1.465 2.875 0.147
0.16 0.92

9D 30.0 585.5 30.0 6 6 1.728 1.728 3.450 0.128
0.14 0.89

10D 35.0 580.5 35.0 8 8 1.991 1.991 4.025 0.152
0.13 1.16

11D 40.0 575.5 40.0 8 8 2.254 2.254 4.600 0.160
0.12 1.33

BB‐RAR‐109

Ground Surface Elevation = 619.0 ft, NAVD 88

Groundwater Elevation = 613.1 ft, NAVD 88

Height of Finish Grade Above Existing = 0 ft

Final Ground Surface Elevation = 619.0 ft, NAVD 88 Site-Specific Liquefaction

CRRM=MSF*CRR7.5
CSR FS

1D 1.0 618.0 1.0 4 10 0.115 0.115 0.115 0.182

2D 3.0 616.0 3.0 3 8 0.345 0.345 0.345 0.158

3D 5.0 614.0 5.0 1 6 0.575 0.575 0.575 0.132

4D 7.0 612.0 7.0 1 6 0.736 0.736 0.805 0.131
0.29 0.46

5D 9.0 610.0 9.0 3 7 0.842 0.842 1.035 0.135
0.27 0.50

6D 15.0 604.0 15.0 9 9 1.157 1.157 1.725 0.164
0.23 0.71

7D 20.0 599.0 20.0 6 6 1.420 1.420 2.300 0.132
0.20 0.66

8D 25.0 594.0 25.0 13 13 1.683 1.683 2.875 0.226
0.17 1.29

Final                 Total 
Stress (ksf)

Sample No.
Current Depth 
Below Ground 
Surface (ft)

Elevation        
(ft, NAVD 88)

Final Depth 
Below Ground 
Surface (ft)

(N1)60 (N1)60,CS

Current 
Effective 
Stress (ksf)

Final            
Effective        
Stress (ksf)

8D 25.0 594.0 25.0 13 13 1.683 1.683 2.875 0.226
0.17 1.29

9D 30.0 589.0 30.0 11 14 1.946 1.946 3.450 0.248
0.15 1.60

10D 35.0 584.0 35.0 12 15 2.209 2.209 4.025 0.255
0.14 1.82

11D 40.0 579.0 40.0 10 10 2.472 2.472 4.600 0.183
0.13 1.43

Haley Aldrich, Inc.
G:\38799\Calculations\Site‐Specific Liquefaction\2013‐0524‐HAI‐MMB‐Site‐Specific Liquefaction Assessment‐REV Q1‐1‐F.xlsx 5/24/2013

jlocsin
Typewritten Text
FS CALCULATIONS FOR ABUTMENT 1



BB‐RAR‐110

Ground Surface Elevation = 615.8 ft, NAVD 88

Groundwater Elevation = 613.1 ft, NAVD 88

Height of Finish Grade Above Existing = 0 ft

Final Ground Surface Elevation = 615.8 ft, NAVD 88 Site-Specific Liquefaction

CRRM=MSF*CRR7.5
CSR FS

1D 1.0 614.8 1.0 6 6 0.115 0.115 0.115 0.123

2D 3.0 612.8 3.0 3 3 0.326 0.326 0.345 0.092

3D 5.0 610.8 5.0 4 4 0.431 0.431 0.575 0.106
0.28 0.38

4D 7.0 608.8 7.0 1 1 0.537 0.537 0.805 0.081
0.26 0.31

5D 9.0 606.8 9.0 1 1 0.642 0.642 1.035 0.081
0.25 0.32

6D 15.0 600.8 15.0 0 1 0.957 0.957 1.725 0.078
0.21 0.37

7D 20.0 595.8 20.0 8 9 1.220 1.220 2.300 0.165
0.18 0.90

8D 25.0 590.8 25.0 11 11 1.483 1.483 2.875 0.197
0.16 1.22

9D 30.0 585.8 30.0 12 12 1.746 1.746 3.450 0.210
0.14 1.45

10D 35.0 580.8 35.0 17 17 2.009 2.009 4.025 0.298
0.13 2.26

11D 40.0 575.8 40.0 14 14 2.272 2.272 4.600 0.239
0.12 1.98

12D 45.0 570.8 45.0 25 25 2.535 2.535 5.175 0.469
0.11 4.16

13D 50.0 565.8 50.0 17 17 2.798 2.798 5.750 0.285
0.11 2.69

14D 55.0 560.8 55.0 12 12 3.061 3.061 6.325 0.207
0.10 2.08

Sample No.
Current Depth 
Below Ground 
Surface (ft)

Elevation        
(ft, NAVD 88)

Final Depth 
Below Ground 
Surface (ft)

(N1)60 (N1)60,CS

Current 
Effective 
Stress (ksf)

Final            
Effective        
Stress (ksf)

Final                 Total 
Stress (ksf)

Haley Aldrich, Inc.
G:\38799\Calculations\Site‐Specific Liquefaction\2013‐0524‐HAI‐MMB‐Site‐Specific Liquefaction Assessment‐REV Q1‐1‐F.xlsx 5/24/2013

15D 60.0 555.8 60.0 10 10 3.324 3.324 6.900 0.187
0.10 1.96

16D 65.0 550.8 65.0 9 9 3.587 3.587 7.475 0.170
0.09 1.85

17D 70.0 545.8 70.0 11 11 3.850 3.850 8.050 0.200
0.09 2.25

18D 75.0 540.8 75.0 12 12 4.113 4.113 8.625 0.207
0.09 2.40

19D 80.0 535.8 80.0 16 16 4.376 4.376 9.200 0.267
0.08 3.19

20D 85.0 530.8 85.0 13 13 4.639 4.639 9.775 0.232
0.08 2.87

21D 90.0 525.8 90.0 9 9 4.902 4.902 10.350 0.161
0.08 2.06

22D 95.0 520.8 95.0 10 10 5.165 5.165 10.925 0.187
0.08 2.47

23D 100.0 515.8 100.0 11 11 5.428 5.428 11.500 0.194
0.07 2.63

24D 105.0 510.8 105.0 7 7 5.691 5.691 12.075 0.144
0.07 2.03

25D 110.0 505.8 110.0 21 21 5.954 5.954 12.650 0.362
0.07 5.28

26D 115.0 500.8 115.0 31 31 6.217 6.217 13.225
0.07

27D 120.0 495.8 120.0 15 15 6.480 6.480 13.800 0.252
0.06 3.95

BB‐RAR‐111

Ground Surface Elevation = 615.7 ft, NAVD 88

Groundwater Elevation = 613.1 ft, NAVD 88

Height of Finish Grade Above Existing = 0 ft

Final Ground Surface Elevation = 615.7 ft, NAVD 88 Site-Specific Liquefaction

CRRM=MSF*CRR7.5
CSR FS

1D 1.0 614.7 1.0 6 8 0.115 0.115 0.115 0.159

Sample No.
Current Depth 
Below Ground 
Surface (ft)

Elevation        
(ft, NAVD 88)

Final Depth 
Below Ground 
Surface (ft)

(N1)60 (N1)60,CS

Current 
Effective 
Stress (ksf)

Final            
Effective        
Stress (ksf)

Final                 Total 
Stress (ksf)

2D 6.0 609.7 6.0 3 8 0.478 0.478 0.690 0.148 0.27 0.55

3D 10.0 605.7 10.0 2 6 0.688 0.688 1.150 0.130 0.24 0.54

4D 15.0 600.7 15.0 3 3 0.951 0.951 1.725 0.091 0.21 0.43

5D 20.0 595.7 20.0 7 7 1.214 1.214 2.300 0.137 0.18 0.75

6D 25.0 590.7 25.0 15 15 1.477 1.477 2.875 0.261 0.16 1.62

7D 30.0 585.7 30.0 13 13 1.740 1.740 3.450 0.231 0.14 1.60

8D 35.0 580.7 35.0 12 12 2.003 2.003 4.025 0.216 0.13 1.64

9D 40.0 575.7 40.0 16 16 2.266 2.266 4.600 0.278 0.12 2.30

10D 45.0 570.7 45.0 20 20 2.529 2.529 5.175 0.347 0.11 3.08

11D 50.0 565.7 50.0 13 13 2.792 2.792 5.750 0.232 0.11 2.20

12D 55.0 560.7 55.0 15 15 3.055 3.055 6.325 0.254 0.10 2.56

13D 60.0 555.7 60.0 15 15 3.318 3.318 6.900 0.260 0.10 2.72

14D 65.0 550.7 65.0 11 11 3.581 3.581 7.475 0.193 0.09 2.11

15D 70.0 545.7 70.0 11 11 3.844 3.844 8.050 0.200 0.09 2.25

16D 75.0 540.7 75.0 10 10 4.107 4.107 8.625 0.183 0.09 2.13

17D 80.0 535.7 80.0 5 5 4.370 4.370 9.200 0.119 0.08 1.42

18D 86.0 529.7 86.0 12 12 4.686 4.686 9.890 0.207 0.08 2.57

19D 91.0 524.7 91.0 15 15 4.949 4.949 10.465 0.263 0.08 3.38

20D 96.0 519.7 96.0 11 11 5.212 5.212 11.040 0.197 0.08 2.61

21D 101.0 514.7 101.0 15 15 5.475 5.475 11.615 0.250 0.07 3.42

22D 111.0 504.7 111.0 18 18 6.001 6.001 12.765 0.300 0.07 4.41

23D 120.0 495.7 120.0 14 15 6.474 6.474 13.800 0.259 0.06 4.08

24D 130.5 485.2 130.5 57 59 7.027 7.027 15.008
0.06

24D 130.5 485.2 130.5 57 59 7.027 7.027 15.008
0.06

BB‐RAR‐112

Ground Surface Elevation = 615.4 ft, NAVD 88

Groundwater Elevation = 613.1 ft, NAVD 88

Height of Finish Grade Above Existing = 0 ft

Final Ground Surface Elevation = 615.4 ft, NAVD 88 Site-Specific Liquefaction

CRRM=MSF*CRR7.5
CSR FS

1D 1.0 614.4 1.0 4 10 0.115 0.115 0.115 0.182

2D 3.0 612.4 3.0 3 8 0.301 0.301 0.345 0.158
0.29 0.55

3D 5.0 610.4 5.0 3 4 0.407 0.407 0.575 0.101
0.28 0.37

4D 7.0 608.4 7.0 0 1 0.512 0.512 0.805 0.078
0.26 0.30

5D 9.0 606.4 9.0 3 4 0.617 0.617 1.035 0.103
0.25 0.42

6D 15.0 600.4 15.0 6 7 0.933 0.933 1.725 0.135
0.21 0.65

7D 20.0 595.4 20.0 8 8 1.196 1.196 2.300 0.157
0.18 0.87

8D 25.0 590.4 25.0 9 9 1.459 1.459 2.875 0.164
0.16 1.02

9D 30.0 585.4 30.0 18 18 1.722 1.722 3.450 0.303
0.14 2.11

10D 35.0 580.4 35.0 10 10 1.985 1.985 4.025 0.183
0.13 1.40

11D 40.0 575.4 40.0 18 18 2.248 2.248 4.600 0.303
0.12 2.52

12D 45.0 570.4 45.0 24 24 2.511 2.511 5.175 0.440
0.11 3.92

13D 50.0 565.4 50.0 8 8 2.774 2.774 5.750 0.149
0.11 1.41

Sample No.
Current Depth 
Below Ground 
Surface (ft)

Elevation        
(ft, NAVD 88)

Final Depth 
Below Ground 
Surface (ft)

(N1)60 (N1)60,CS

Current 
Effective 
Stress (ksf)

Final            
Effective        
Stress (ksf)

Final                 Total 
Stress (ksf)

Haley Aldrich, Inc.
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BB‐RAR‐113

Ground Surface Elevation = 615.8 ft, NAVD 88

Groundwater Elevation = 613.1 ft, NAVD 88

Height of Finish Grade Above Existing = 0 ft

Final Ground Surface Elevation = 615.8 ft, NAVD 88 Site-Specific Liquefaction

CRRM=MSF*CRR7.5
CSR FS

1D 1.0 614.8 1.0 6 11 0.115 0.115 0.115 0.198

2D 3.0 612.8 3.0 1 5 0.326 0.326 0.345 0.117

3D 5.0 610.8 5.0 1 2 0.431 0.431 0.575 0.087
0.28 0.31

4D 7.0 608.8 7.0 0 5 0.537 0.537 0.805 0.115
0.26 0.44

5D 9.0 606.8 9.0 0 1 0.642 0.642 1.035 0.078
0.25 0.31

6D 15.0 600.8 15.0 1 2 0.957 0.957 1.725 0.087
0.21 0.41

7D 20.0 595.8 20.0 5 5 1.220 1.220 2.300 0.121
0.18 0.66

8D 25.0 590.8 25.0 5 5 1.483 1.483 2.875 0.115
0.16 0.71

9D 30.0 585.8 30.0 15 15 1.746 1.746 3.450 0.254
0.14 1.75

10D 35.0 580.8 35.0 12 12 2.009 2.009 4.025 0.217
0.13 1.65

11D 40.0 575.8 40.0 11 11 2.272 2.272 4.600 0.189
0.12 1.56

12D 45.0 570.8 45.0 9 9 2.535 2.535 5.175 0.167
0.11 1.48

13D 50.0 565.8 50.0 11 11 2.798 2.798 5.750 0.202
0.11 1.91

(N1)60,CS

Current 
Effective 
Stress (ksf)

Final            
Effective        
Stress (ksf)

Final                 Total 
Stress (ksf)

Sample No.
Current Depth 
Below Ground 
Surface (ft)

Elevation        
(ft, NAVD 88)

Final Depth 
Below Ground 
Surface (ft)

(N1)60
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BB‐RAR‐114

Ground Surface Elevation = 615.3 ft, NAVD 88

Groundwater Elevation = 613.1 ft, NAVD 88

Height of Finish Grade Above Existing = 4 ft

Final Ground Surface Elevation = 619.3 ft, NAVD 88 Site-Specific Liquefaction

CRRM=MSF*CRR7.5
CSR FS

1D 1.0 614.3 5.0 4 10 0.115 0.595 0.595 0.182

2D 3.0 612.3 7.0 1 7 0.295 0.775 0.825 0.136
0.29 0.47

3D 5.0 610.3 9.0 0 5 0.400 0.880 1.055 0.114
0.27 0.42

4D 7.0 608.3 11.0 1 7 0.505 0.985 1.285 0.135
0.26 0.52

5D 9.0 606.3 13.0 0 1 0.611 1.091 1.515 0.078
0.25 0.32

6D 15.0 600.3 19.0 1 5 0.926 1.406 2.205 0.117
0.21 0.56

7D 20.0 595.3 24.0 8 8 1.189 1.669 2.780 0.158
0.18 0.87

8D 25.0 590.3 29.0 6 6 1.452 1.932 3.355 0.131
0.16 0.82

9D 30.0 585.3 34.0 6 6 1.715 2.195 3.930 0.128
0.14 0.90

10D 35.0 580.3 39.0 6 6 1.978 2.458 4.505 0.123
0.13 0.95

11D 40.0 575.3 44.0 7 7 2.241 2.721 5.080 0.146
0.12 1.22

12D 45.0 570.3 49.0 5 5 2.504 2.984 5.655 0.116
0.11 1.03

13D 50.0 565.3 54.0 8 8 2.767 3.247 6.230 0.149
0.11 1.41

Sample No.
Current Depth 
Below Ground 
Surface (ft)

Elevation        
(ft, NAVD 88)

Final Depth 
Below Ground 
Surface (ft)

(N1)60 (N1)60,CS

Current 
Effective 
Stress (ksf)

Final            
Effective        
Stress (ksf)

Final                 Total 
Stress (ksf)
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CALCULATION OF CSR AND CRR IN ACCORDANCE WITH YOUD & IDRISS & BOULANGER (2001) ‐ ABUTMENT 2

MARTIN MEMORIAL BRIDGE REPLACEMENT

MAINEDOT PIN 15105.00

ROUTE 232 ‐ RUMFORD, MAINE

HALEY & ALDRICH, INC. FILE NO.: 38799‐000

INPUT PARAMETERS:

peak ground acceleration (amax) = 0.218 g
Prepared by: JLL

EQ magnitude = 6.25 Checked by: EK

magnitude scaling factor (MSF) = 1.60

Min FS required = 1

BB‐RAR‐119

Ground Surface Elevation = 599.6 ft, NAVD 88

Groundwater Elevation = 599.6 ft, NAVD 88

Height of Finish Grade Above Existing = 0 ft

Final Ground Surface Elevation = 599.6 ft, NAVD 88 Site-Specific Liquefaction

(N1)60 final rd sv/s;v CSR CRR M=7.5 CRRM=MSF*CRR7.5
CSR FS

grade final GS

1D 1.0 598.6 1.0 1 1 0.053 0.053 1 0.115 0.998 2.186 0.308 0.050 0.081
0.20 0.40

2D 4.0 595.6 4.0 36 45 0.210 0.210 45 0.460 0.991 2.186 0.306 no liq
0.18

3D 9.0 590.6 9.0 11 11 0.473 0.473 11 1.035 0.979 2.186 0.303 0.119 0.190
0.16 1.16

4D 14.0 585.6 14.0 11 11 0.736 0.736 11 1.610 0.967 2.186 0.299 0.124 0.198
0.15 1.32

5D 19.0 580.6 19.0 18 18 0.999 0.999 18 2.185 0.956 2.186 0.295 0.186 0.298
0.14 2.12

6D 24.0 575.6 24.0 12 13 1.262 1.262 13 2.760 0.944 2.186 0.292 0.144 0.231
0.13 1.75

7D 29.0 570.6 29.0 9 10 1.525 1.525 10 3.335 0.932 2.186 0.288 0.114 0.182
0.12 1.48

8D 34.0 565.6 34.0 7 7 1.788 1.788 7 3.910 0.897 2.186 0.277 0.089 0.142
0.12 1.23

9D 39 0 560 6 39 0 20 24 2 051 2 051 24 4 485 0 857 2 186 0 265 0 266 0 425

Sample No.
Current Depth 
Below Ground 
Surface (ft)

Elevation        
(ft, NAVD 88)

Final Depth 
Below Ground 
Surface (ft)

(N1)60 (N1)60,CS

Current 
Effective 
Stress (ksf)

Final            
Effective        
Stress (ksf)

Final          
Total Stress 

(ksf)
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9D 39.0 560.6 39.0 20 24 2.051 2.051 24 4.485 0.857 2.186 0.265 0.266 0.425
0.11 3.89

10D 44.0 555.6 44.0 29 33 2.314 2.314 33 5.060 0.816 2.186 0.252 no liq

11D 48.5 551.1 48.5 46 51 2.551 2.551 51 5.578 0.779 2.186 0.241 no liq

BB‐RAR‐120

Ground Surface Elevation = 600.1 ft, NAVD 88

Groundwater Elevation = 600.1 ft, NAVD 88

Height of Finish Grade Above Existing = 0 ft

Final Ground Surface Elevation = 600.1 ft, NAVD 88 Site-Specific Liquefaction

(N1)60 final rd sv/s;v CSR CRR M=7.5 CRRM=MSF*CRR7.5
CSR FS

grade final GS

1D 1.0 599.1 1.0 0 4 0.053 0.053 4 0.115 0.998 2.186 0.308 0.065 0.103
0.2 0.5

2D 5.0 595.1 5.0 35 42 0.263 0.263 42 0.575 0.988 2.186 0.305 no liq
0.2

3D 10.0 590.1 10.0 11 12 0.526 0.526 12 1.150 0.977 2.186 0.302 0.135 0.216
0.2 1.3

4D 15.0 585.1 15.0 13 13 0.789 0.789 13 1.725 0.965 2.186 0.298 0.139 0.222
0.1 1.5

5D 20.0 580.1 20.0 10 11 1.052 1.052 11 2.300 0.953 2.186 0.295 0.119 0.190
0.1 1.4

6D 25.0 575.1 25.0 17 20 1.315 1.315 20 2.875 0.942 2.186 0.291 0.211 0.338
0.1 2.6

7D 30.0 570.1 30.0 22 25 1.578 1.578 25 3.450 0.930 2.186 0.287 0.295 0.473
0.1 3.9

8D 35.0 565.1 35.0 12 19 1.841 1.841 19 4.025 0.889 2.186 0.275 0.205 0.328
0.1 2.9

9D 40.0 560.1 40.0 24 34 2.104 2.104 34 4.600 0.848 2.186 0.262 no liq
0.1

10D 45.0 555.1 45.0 5 11 2.367 2.367 11 5.175 0.808 2.186 0.250 0.124 0.198
0.1 1.9

11D 50.0 550.1 50.0 33 44 2.630 2.630 44 5.750 0.767 2.186 0.237 no liq
0.1

12D 55.0 545.1 55.0 23 33 2.893 2.893 33 6.325 0.726 2.186 0.224 no liq

13D 60.0 540.1 60.0 13 20 3.156 3.156 20 6.900 0.686 2.186 0.212 0.218

14D 65.0 535.1 65.0 39 39 3.419 3.419 39 7.475 0.645 2.186 0.199 no liq

Sample No.
Current Depth 
Below Ground 
Surface (ft)

Elevation        
(ft, NAVD 88)

Final Depth 
Below Ground 
Surface (ft)

(N1)60 (N1)60,CS

Current 
Effective 
Stress (ksf)

Final            
Effective        
Stress (ksf)

Final          
Total Stress 

(ksf)
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