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LOAD RATING SUMMARY AND RESULTS 
 
Cell Signaling Technology Inc. has retained TEC, Inc. to perform calculations to determine the load 
carrying capacity of the existing corrugated steel plate arch culvert and its ability to support various 
certified legal loads. Load ratings are expressed as a Rating Factor (RF), or as tonnage for a particular 
vehicle. A RF that is greater than 1.0 demonstrates a bridge’s ability to safely carry the given load. 
Calculations were completed considering the as-inspected levels of deficiency from the latest culvert 
inspection performed by MassDOT, dated 10/1/2024. Additional calculations were completed considering 
50% section loss of the steel culvert thickness, and lastly, calculations were performed to determine the 
greatest amount of section loss to the steel culvert thickness before receiving a failing rating, which would 
lead to a load posting. 
 
The culvert is comprised of corrugated galvanized steel arch plates that are anchored to concrete 
abutments, spans 15’-0” and is 57’-8” in length. The existing culvert is owned and maintained by the 
town of Manchester-by-the-Sea and is routinely inspected by MassDOT every two years. The culvert was 
constructed in 1952 and then the galvanized steel arch was replaced in 2006. In the most recent MassDOT 
inspection report (10/1/24), the culvert condition was rated as a five (5). A five (5) rating is described as 
Fair, with moderate to major deteriorations and in a metal culvert, significant corrosion. The corrugated 
steel arch has an original thickness of 7/32”. It was noted that the bottom of both sides of the culvert have 
minor laminar rust with minor section loss and pitting that is up to 1/16” deep along the entire length of 
the culvert. TEC, Inc. conservatively rated the culvert by assuming that the section loss was consistent 
throughout the bottom of both sides of the entire structure. The rating is also based on available plans, 
inspection reports by MassDOT, sample rating reports for similar structure types.  
 
For the as-inspected condition, all bridge elements rate above statutory levels for H20, Type 3, Type3S2, 
SU4, SU5, SU6, SU7, EV2, and EV3 truck loadings. The loading diagrams for each vehicle configuration 
are provided in Appendix B. The bridge element controlling the bridge inventory and bridge operation 
rating in the culvert’s existing condition is the Arch Seam Strength.  
 
TEC, Inc. completed an additional rating considering a 50% loss to the original steel thickness.  
Additionally, TEC performed calculations to determine the amount of section loss that the culvert can 
endure before a load posting would be recommended.  It was determined that there could be a 57% loss to 
the original steel thickness (corresponding to approximately 3/32” remaining) before RF’s were less than 
1.0.  These additional calculations demonstrate that continued section loss can occur (assuming no 
preventative maintenance), and the culvert still holds ample reserve capacity. 
 
The results of all three load rating scenario calculations have been presented on the sheets below. In 
summary, the culvert in its existing condition has ample reserve capacity to safely handle all certified 
legal loads.  Without any maintenance of preservation activities, TEC has determined that the bridge can 
continue to safely handle all certified legal loads with up to 57% section loss to the original steel 
thickness.  TEC, Inc. recommends routine inspection and maintenance tasks to the entire culvert on a 
regular basis to ensure the current condition of the culvert. 
  



Rating for Existing Culvert Conditions  
 
 
 

Bridge Element 

Inventory LRFR Rating Factors 
HL-93 

TRUCK 
& LANE 
LOAD 

HL-93 
TANDEM & 

LANE 
LOAD 

H20 
TYPE 

3 
TYPE 
3S2 

SU4 SU5 SU6 SU7 EV2 EV3 
C

M
P

 
A

rc
h

 Axial 2.93 3.41 3.03 4.62 4.95 4.62 4.62 4.62 4.62 2.95 3.08 
Buckling 2.93 3.41 3.03 4.62 4.95 4.62 4.62 4.62 4.62 2.95 3.08 

Seam Strength 2.91 3.38 3.00 4.58 4.91 4.58 4.58 4.58 4.58 2.92 3.06 
 

 
 
 

Bridge Element 

Operating LRFR Rating Factors 
HL-93 

TRUCK 
& LANE 
LOAD 

HL-93 
TANDEM & 

LANE 
LOAD 

H20 
TYPE 

3 
TYPE 
3S2 

SU4 SU5 SU6 SU7 EV2 EV3 

C
M

P
 

A
rc

h
 Axial 3.80 4.42 3.92 5.99 6.42 5.99 5.99 5.99 5.99 3.82 4.00 

Buckling 3.80 4.42 3.92 5.99 6.42 5.99 5.99 5.99 5.99 3.82 4.00 
Seam Strength 3.77 4.38 3.89 5.94 6.36 5.94 5.94 5.94 5.94 3.79 3.96 

 
 
 
 

Bridge Element 

Inventory Rating by LRFR Method 
(English Tons) 

HL-93 
TRUCK 
& LANE 
LOAD 

HL-93 
TANDEM & 

LANE 
LOAD 

H20 
TYPE 

3 
TYPE 
3S2 

SU4 SU5 SU6 SU7 EV2 EV3 

C
M

P
 

A
rc

h
 Axial 105.64 85.21 60.53 115.56 178.27 124.80 143.29 160.63 179.12 84.68 132.65 

Buckling 105.64 85.21 60.53 115.56 178.27 124.80 143.29 160.63 179.12 84.68 132.65 
Seam Strength 104.74 84.48 60.01 114.57 176.74 123.74 142.07 159.25 177.59 83.96 131.51 
 

 
 
 

Bridge Element 

Operating Rating by LRFR Method 
(English Tons) 

HL-93 
TRUCK 
& LANE 
LOAD 

HL-93 
TANDEM & 

LANE 
LOAD 

H20 
TYPE 

3 
TYPE 
3S2 

SU4 SU5 SU6 SU7 EV2 EV3 

C
M

P
 

A
rc

h
 Axial 136.94 110.45 78.46 149.80 231.09 161.78 185.75 208.22 232.19 109.77 171.95 

Buckling 136.94 110.45 78.46 149.80 231.09 161.78 185.75 208.22 232.19 109.77 171.95 
Seam Strength 135.77 109.51 77.79 148.52 229.11 160.40 184.16 206.44 230.20 108.83 170.48 
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Rating for 50% Section Loss of Original Culvert Thickness 
 
 
 

Bridge Element 

Inventory LRFR Rating Factors 
HL-93 

TRUCK 
& LANE 
LOAD 

HL-93 
TANDEM & 

LANE 
LOAD 

H20 
TYPE 

3 
TYPE 
3S2 

SU4 SU5 SU6 SU7 EV2 EV3 
C

M
P

 
A

rc
h

 Axial 2.01 2.34 2.08 3.17 3.40 3.17 3.17 3.17 3.17 2.02 2.12 
Buckling 1.55 1.80 1.60 2.45 2.62 2.45 2.45 2.45 2.45 1.56 1.63 

Seam Strength 2.91 3.38 3.00 4.58 4.91 4.58 4.58 4.58 4.58 2.92 3.06 
 

 
 
 

Bridge Element 

Operating LRFR Rating Factors 
HL-93 

TRUCK 
& LANE 
LOAD 

HL-93 
TANDEM & 

LANE 
LOAD 

H20 
TYPE 

3 
TYPE 
3S2 

SU4 SU5 SU6 SU7 EV2 EV3 

C
M

P
 

A
rc

h
 Axial 2.61 3.03 2.69 4.11 4.41 4.11 4.11 4.11 4.11 2.62 2.75 

Buckling 2.01 2.34 2.08 3.17 3.40 3.17 3.17 3.17 3.17 2.02 2.12 
Seam Strength 3.77 4.38 3.89 5.94 6.36 5.94 5.94 5.94 5.94 3.79 3.96 
 

 
 
 

Bridge Element 

Inventory Rating by LRFR Method 
(English Tons) 

HL-93 
TRUCK 
& LANE 
LOAD 

HL-93 
TANDEM & 

LANE 
LOAD 

H20 
TYPE 

3 
TYPE 
3S2 

SU4 SU5 SU6 SU7 EV2 EV3 

C
M

P
 

A
rc

h
 Axial 72.53 58.50 41.56 79.34 112.40 85.69 98.38 110.29 122.98 58.14 91.07 

Buckling 55.95 45.12 32.06 61.20 94.41 66.09 75.89 85.07 94.86 44.85 70.25 
Seam Strength 104.74 84.48 60.01 114.57 176.74 123.74 142.07 159.25 177.59 83.96 131.51 
 

 
 
 

Bridge Element 

Operating Rating by LRFR Method 
(English Tons) 

HL-93 
TRUCK 
& LANE 
LOAD 

HL-93 
TANDEM & 

LANE 
LOAD 

H20 
TYPE 

3 
TYPE 
3S2 

SU4 SU5 SU6 SU7 EV2 EV3 

C
M

P
 

A
rc

h
 Axial 94.02 75.83 53.87 102.85 158.66 111.08 127.53 142.96 159.42 75.37 118.06 

Buckling 72.52 58.49 41.55 79.33 122.38 85.68 98.37 110.27 122.96 58.13 91.06 
Seam Strength 135.77 109.51 77.79 148.52 229.11 160.40 184.16 206.44 230.20 108.83 170.48 
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       Failed Rating for 57% Section Loss of Original Culvert Thickness 
 
 
 

Bridge Element 

Inventory LRFR Rating Factors 
HL-93 

TRUCK 
& LANE 
LOAD 

HL-93 
TANDEM & 

LANE 
LOAD 

H20 
TYPE 

3 
TYPE 
3S2 

SU4 SU5 SU6 SU7 EV2 EV3 
C

M
P

 
A

rc
h

 Axial 1.72 2.00 1.77 2.71 2.90 2.71 2.71 2.71 2.71 1.72 1.81 
Buckling 0.97 1.13 1.00 1.53 1.64 1.53 1.53 1.53 1.53 0.98 1.02 

Seam Strength 2.91 3.38 3.00 4.58 4.91 4.58 4.58 4.58 4.58 2.92 3.06 
 

 
 
 

Bridge Element 

Operating LRFR Rating Factors 
HL-93 

TRUCK 
& LANE 
LOAD 

HL-93 
TANDEM & 

LANE 
LOAD 

H20 
TYPE 

3 
TYPE 
3S2 

SU4 SU5 SU6 SU7 EV2 EV3 

C
M

P
 

A
rc

h
 Axial 2.23 2.59 2.30 3.51 3.76 3.51 3.51 3.51 3.51 2.24 2.34 

Buckling 1.26 1.47 1.30 1.99 2.13 1.99 1.99 1.99 1.99 1.27 1.33 
Seam Strength 3.77 4.38 3.89 5.94 6.36 5.94 5.94 5.94 5.94 3.79 3.96 

 
 
 
 

Bridge Element 

Inventory Rating by LRFR Method (English Tons) 
HL-93 

TRUCK 
& LANE 
LOAD 

HL-93 
TANDEM & 

LANE 
LOAD 

 
 

H20 

 
 

TYPE 
3 

 
 

TYPE 
3S2 

 
 

SU4 

 
 

SU5 

 
 

SU6 

 
 

SU7 

 
 

EV2 

 
 

EV3 

C
M

P
 

A
rc

h
 Axial 61.84 49.88 35.43 67.64 104.35 73.06 83.88 94.03 104.85 49.57 77.65 

Buckling 35.04 28.26 20.08 38.33 59.13 41.39 47.53 53.28 59.41 28.09 43.99 
Seam Strength 104.74 84.48 60.01 114.57 176.74 123.74 142.07 159.25 177.59 83.96 131.51 
 

 
 
 

Bridge Element 

Operating Rating by LRFR Method (English Tons) 
HL-93 

TRUCK 
& LANE 
LOAD 

HL-93 
TANDEM & 

LANE 
LOAD 

H20 
TYPE 

3 
TYPE 
3S2 

SU4 SU5 SU6 SU7 EV2 EV3 

C
M

P
 

A
rc

h
 Axial 80.16 64.65 45.93 87.69 135.27 94.70 108.73 121.89 135.92 64.26 100.65 

Buckling 45.42 36.63 26.02 49.68 76.64 53.66 61.61 69.06 77.01 36.41 57.03 
Seam Strength 135.77 109.51 77.79 148.52 229.11 160.40 184.16 206.44 230.20 108.83 170.48 



Appendix A – Design Calculations 
I. Structural Steel Plate Arch Culvert Rating with Existing Conditions, thirteen (13) 

page(s).  
II. Structural Steel Plate Arch Culvert Rating with 50% Section Loss, thirteen (13) 

page(s).  
III. Structural Steel Plate Arch Culvert Rating with 57% Section Loss, thirteen (13) 

page(s).  
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__________________________________________________________________________________________________________

Project: Manchester, MA - T1199.02 Calculated by: M. Martell
Date: 10/17/2024

Task: Structural Steel Plate Arch Culvert Rating
Checked by: E. Caron

282 Merrimack Street
Lawrence, MA 01843

Date: 10/22/2024Client: Cell Signaling Technologies Inc.
__________________________________________________________________________________________________________
Governing Specifications: AASHTO LRFD Bridge Design Specification, 9th Edition, 2020 (AASHTO) 

MassDOT 2020 LRFD Bridge Manual 100th Anniversary Edition (B/M)
The Manual for Bridge Evaluation, Third Edition with 2019 Revisions (MBE)
Existing Bridge Plans, M-02-021, dated 1952 (Exist. Plans)
MassDOT Culvert inspection Report, dated 10/1/2024 (Inspection Report)
Test Boring Log by GZA GeoEnvironmental Inc., dated 9/3/2024 (Geotech)

Design Methodology: Load and Resistance Factor Design (LRFD) 

Purpose: The following calculation is the load rating for the corrugated steel plate arch at Atwater Avenue over Sawmill Brook in 
Manchester, MA. The calculation below was done for all applicable design vehicles listed in Part I Chapter 7 of the MassDOT 
LRFD Bridge Manual.

General information:

Roadway elevation: ≔ELroad 148.45 ft Exist. Plans

Culvert crown elevation: ≔ELcul.crown 147.08 ft Exist. Plans

Height of cover above top of 
crown:

≔Hcover =-ELroad ELcul.crown 1.37 ft

Highest elevation above culvert 
crown:

≔ELhigh 149.19 ft Exist. Plans

Lowest elevation above the 
culvert crown:

≔ELlow 148.33 ft Exist. Plans

Average height of soil: ≔Havg_soil =-
⎛
⎜
⎝
―――――

+ELhigh ELlow

2

⎞
⎟
⎠

ELcul.crown 1.68 ft

Pavement thickness: ≔Hpavement 0.44 ft Geotech

Span length: ≔lspan 15 ft Exist. Plans

Height of opening: ≔hopen 79 in Exist. Plans

Thickness of original corrugated 
steel:

≔to 0.218 in Exist. Plans

Thickness of remaining 
corrugated steel:

≔tc 0.15625 in Inspection Report

Bolted seam strength: ≔Fu_seam 112 klf *For 3/4-inch diameter bolt 
that is 0.218-inches thick

AASHTO Table A12-8

Minimum yield stress of the 
metal:

≔Fy 33 ksi AASHTO Table A12-10

Minimum tensile stress of the 
metal:

≔Fu 45 ksi AASHTO Table A12-10

Modulus of elasticity of steel: ≔Es 29000 ksi AASHTO Table A12-10

Original cross sectional area 
of pipe:

≔As.o 3.199 in2 AASHTO Table A12-3

Original moment of inertia of 
pipe:

≔Ix.o 0.1269 ――
in4

in
*For 6" x 2" corrugations AASHTO Table A12-3

T1199.02_Atwater Ave_Culvert Rating.mcdx Print Date: 10/23/2024 Page 1 of 13
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Original radius of gyration of 
the corrugation:

≔rx.o 0.690 in AASHTO Table A12-3

Ratio of remaining thickness 
to original thickness:

≔ρt =―
tc
to

0.72

Assuming that the remaining section's cross sectional area, moment of inertia, and radius of gyration can be approximated by
multiplying the original section properties by the ratio of the remaining steel thickness to original thickness.

Cross sectional area of 
remaining pipe:

≔As =⋅As.o ρt 2.293 in2 Exist. Plans

Moment of inertia of 
remaining pipe:

≔Ix =⋅Ix.o ρt 0.091 ――
in4

in
Exist. Plans

Radius of gyration of the 
remaining corrugation:

≔rx =⋅rx.o ρt 0.495 in Exist. Plans

Resistance factor for buried 
structures for wall area and 
buckling:

≔ϕb 1.00 AASHTO Table 12.5.5-1

Resistance factor for buried 
structures for seam strength:

≔ϕs 0.67 AASHTO Table 12.5.5-1

Soil Stiffness Factor: ≔k 0.22 AASHTO 12.7.2.4

Design Vehicle Properties:

Live Load Distribution Factor 
transverse or parallel to span:

≔LLDF 1.15 *for all buried structures excluding 
concrete pipes

AASHTO Table 3.6.1.2.6a-1

Vehicle type matrix title: ≔VTmatrix

“HL-93 Truck”
“HL-93 Tandem”

“H20”
“Type 3”

“Type 3S2”
“SU4”
“SU5”
“SU6”
“SU7”
“EV2”
“EV3”

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔i ‥1 rows ⎛⎝VTmatrix⎞⎠

Wheel spacing for each 
vehicle type:

≔swheel 6 ft AASHTO 3.6.1.2.6a-b

Axle spacing for each vehicle 
type:

≔saxle

14
4
14
4
4
4
4
4
4
15
4

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft *Assume most narrow 
axle spacing for 
loading conditions.

AASHTO 3.6.1.2.2 & 
B/M Pt. I Ch. 7 Figures 7.52-10A, -11, & -12

Assumed tire pressure: ≔ptire 80 psi B/M Pt. I - 7.2.5.9

Tire patch length: ≔lpatch 10 in B/M Pt. I - 7.2.5.9 & AASHTO 3.6.1.2.5

Number of design lanes: ≔Nlanes 1 *for traffic parallel to span AASHTO 3.6.1.2.6a

T1199.02_Atwater Ave_Culvert Rating.mcdx Print Date: 10/23/2024 Page 2 of 13
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Multiple presence factor: ≔m 1.2 AASHTO Table 3.6.1.1.2-1

Live load per wheel for each 
vehicle type (looking transversely):

≔Pt

16
12.5
16
8.5

7.75
8.5
8.5
8.5
8.5

16.75
15.5

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

kip AASHTO 3.6.1.2.2, AASHTO 3.6.1.2.3, &
B/M Pt. I Ch. 7 Figures 7.52-10A, -11, & -12

Density of soil: ≔ρsoil 120 pcf AASHTO Table 3.5.1-1

Density of pavement: ≔ρpave 140 pcf AASHTO Table 3.5.1-1

Design live lane load: ≔ωlane 0.64 klf AASHTO 3.6.1.2.4

Width of design live lane load : ≔wlane 10 ft AASHTO 3.6.1.2.4

Determine Vehicle Loading:

Vehicle tire contact area: ≔Atire =――
Pt

ptire

200.00
156.25
200.00
106.25
96.88

106.25
106.25
106.25
106.25
209.38
193.75

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in2 B/M Pt. I - 7.2.5.9 

Vehicle tire patch width: ≔wpatch =――
Atire

lpatch

20.00
15.63
20.00
10.63
9.69

10.63
10.63
10.63
10.63
20.94
19.38

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in B/M Pt. I - 7.2.5.9 & AASHTO 3.6.1.2.5

Vehicle wheel load interaction 
depth transverse to culvert:

≔Hint_t =―――――――
--swheel wpatch 0.06 lspan

LLDF

2.99
3.30
2.99
3.66
3.73
3.66
3.66
3.66
3.66
2.92
3.03

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft AASHTO Eq. 3.6.1.2.6b-1

T1199.02_Atwater Ave_Culvert Rating.mcdx Print Date: 10/23/2024 Page 3 of 13



Project:   Manchester, MA - T1199.02 Originator: M. Martell 10/17/2024 Checker:  E. Caron 10/22/2024

Vehicle wheel live load patch 
width at depth H:

≔ww.LLi
if

else

<Hcover Hint_ti

‖
‖
‖

++wpatchi
⋅LLDF Hcover 0.06 lspan

‖
‖
‖

+++wpatchi
swheel ⋅LLDF Hcover 0.06 lspan

AASHTO Eqs. 3.6.1.2.6b-2 & -3

=ww.LL

4.14
3.78
4.14
3.36
3.28
3.36
3.36
3.36
3.36
4.22
4.09

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft

Vehicle axel load interaction 
depth parallel to culvert:

≔Hint_p =――――
-saxle lpatch

LLDF

11.45
2.75

11.45
2.75
2.75
2.75
2.75
2.75
2.75

12.32
2.75

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft AASHTO Eq. 3.6.1.2.6b-4

Vehicle live load patch length at 
depth H:

≔lw.LLi
if

else

<Hcover Hint_pi

‖
‖ +lpatch ⋅LLDF Hcover

‖
‖
‖

++lpatch saxlei
⋅LLDF Hcover

AASHTO Eqs. 3.6.1.2.6b-5 & -6

=lw.LL

2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft

Vehicle dynamic allowance for 
buried structures:

≔IM =
⎛
⎜
⎝

⋅33 %
⎛
⎜
⎝

-1.0 ⋅0.125 ――
Hcover

ft

⎞
⎟
⎠

⎞
⎟
⎠

%27.35 AASHTO Eq. 3.6.2.2-1
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Vehicle live load rectangular 
patch area at depth H:

≔ALLi
=⋅ww.LLi

lw.LLi

9.98
9.10
9.98
8.10
7.91
8.10
8.10
8.10
8.10

10.17
9.85

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft2 AASHTO Eq. 3.6.1.2.6a-1

Vehicle live load vertical crown 
pressure:

≔PL =――――――

⋅⋅Pt
⎛
⎜
⎝
+1 ――

IM
%100
⎞
⎟
⎠

m

ALL

2.45
2.10
2.45
1.60
1.50
1.60
1.60
1.60
1.60
2.52
2.40

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf AASHTO Eq. 3.6.1.2.6b-7

Design Loads:

Unfactored dead load crown 
pressure due to soil:

≔PEV =⋅Havg_soil ρsoil 0.20 ksf

Unfactored dead load crown 
pressure due to pavement:

≔PDW =⋅Hpavement ρpave 0.06 ksf

Unfactored design lane load: ≔Plane

―――
⋅ωlane m

wlane

―――
⋅ωlane m

wlane
0
0
0
0
0
0
0
0
0

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

Unfactored vehicle live load 
crown pressure:

≔PLLi
=+PLi

Planei

2.53
2.18
2.45
1.60
1.50
1.60
1.60
1.60
1.60
2.52
2.40

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf
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AASHTO Table 3.4.1-1, 
MBE Table 6A.4.2.2-1 & 

Table 6A.5.12.5-1
Load factors: ≔γEV 1.30 ≔γDW 1.50 ≔γLL.inv 1.75 ≔γLL.opr 1.35

Factored dead load crown 
pressure due to soil:

≔Pu.EV =⋅PEV γEV 0.26 ksf

Factored dead load crown 
pressure due to pavement:

≔Pu.DW =⋅PDW γDW 0.09 ksf

Factored inventory vehicle live 
load crown pressure:

≔Pu.LL.invi
=⋅PLLi

γLL.inv

4.42
3.81
4.29
2.81
2.62
2.81
2.81
2.81
2.81
4.41
4.21

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf

Factored operating vehicle live 
load crown pressure:

≔Pu.LL.opri
=⋅PLLi

γLL.opr

3.41
2.94
3.31
2.17
2.02
2.17
2.17
2.17
2.17
3.40
3.25

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf

Combined factored loads when 
analyzing inventory vehicles:

≔Pinvi
=++Pu.EV Pu.DW Pu.LL.invi

4.78
4.16
4.64
3.16
2.98
3.16
3.16
3.16
3.16
4.76
4.56

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf

Combined factored loads when 
analyzing operating vehicles:

≔Popri
=++Pu.EV Pu.DW Pu.LL.opri

3.77
3.29
3.66
2.52
2.38
2.52
2.52
2.52
2.52
3.75
3.60

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf

T1199.02_Atwater Ave_Culvert Rating.mcdx Print Date: 10/23/2024 Page 6 of 13



Project:   Manchester, MA - T1199.02 Originator: M. Martell 10/17/2024 Checker:  E. Caron 10/22/2024

Determine Thrust:

Width of culvert on which live 
load is applied:

≔CLi
=min ⎛

⎜⎝
,lw.LLi
lspan⎞

⎟⎠

2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft AASHTO Eq. 12.7.2.2-2

Fmin value: ≔Fmin =max
⎛
⎜
⎜
⎜⎝

,―――
15

⋅12 ――
lspan

ft

1.00
⎞
⎟
⎟
⎟⎠

1.00 AASHTO Eq. 12.7.2.2-4

F1 value: ≔F1i
=max

⎛
⎜
⎜
⎝

,―――
⋅0.75 lspan

lw.LLi

Fmin
⎞
⎟
⎟
⎠

4.67
4.67
4.67
4.67
4.67
4.67
4.67
4.67
4.67
4.67
4.67

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

AASHTO Eq. 12.7.2.2-3

Factored thrust per unit length of 
wall due to dead load pressure 
caused by soil:

≔TL.EV =――――
⋅Pu.EV lspan

2
1.97 klf AASHTO Eq. 12.7.2.2-1 (modified)

Factored thrust per unit length of 
wall due to dead load pressure 
caused by pavement:

≔TL.DW =――――
⋅Pu.DW lspan

2
0.69 klf AASHTO Eq. 12.7.2.2-1 (modified)

Factored thrust per unit length of 
wall due to live load pressure 
caused by inventory vehicle:

≔TL.invi
=―――――

⋅⋅Pu.LL.invi
F1i

CLi

2

24.88
21.42
24.12
15.79
14.74
15.79
15.79
15.79
15.79
24.79
23.67

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

klf AASHTO Eq. 12.7.2.2-1 (modified)

Factored thrust per unit length of 
wall due to live load pressure 
caused by operating vehicle:

≔TL.opri
=―――――

⋅⋅Pu.LL.opri
F1i

CLi

2

19.19
16.52
18.61
12.18
11.37
12.18
12.18
12.18
12.18
19.12
18.26

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

klf AASHTO Eq. 12.7.2.2-1 (modified)
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Total factored thrust with 
inventory design vehicle:

≔TT.invi
=++TL.EV TL.DW TL.invi

27.54
24.08
26.78
18.45
17.40
18.45
18.45
18.45
18.45
27.44
26.32

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

klf

Total factored thrust with 
operating design vehicle:

≔TT.opri
=++TL.EV TL.DW TL.opri

21.85
19.18
21.27
14.84
14.03
14.84
14.84
14.84
14.84
21.78
20.92

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

klf

Determine Resistance:

Critical buckling stress: ≔fcr =if

else

<lspan ⋅
⎛
⎜
⎝
―
rx

k

⎞
⎟
⎠

‾‾‾‾‾
――

⋅24 Es

Fu
‖
‖
‖
‖
‖‖

-Fu ―――――

⎛
⎜
⎝
――――

⋅⋅Fu k lspan

rx

⎞
⎟
⎠

2

⋅48 Es

‖
‖
‖
‖
‖‖

――――
⋅12 Es

⎛
⎜
⎝
―――
⋅k lspan

rx

⎞
⎟
⎠

2

35.67 ksi AASHTO Eq. 12.7.2.4-1 & 12.7.2.4-2

The factored axial resistance per 
unit of wall:

≔Rn.axial =⎛⎝ ⋅⋅ϕb Fy As⎞⎠ ―
1
ft

75.66 klf AASHTO Eq. 12.7.2.3-1

The factored buckling resistance 
per unit of wall:

≔Rn.buckling =⋅⋅ϕb ⎛⎝min ⎛⎝ ,fcr Fy⎞⎠⎞⎠ As ―
1
ft

75.66 klf AASHTO Eq. 12.7.2.3-1

The factored seam strength per 
unit of wall:

≔Rs =⋅ϕs Fu_seam 75.04 klf AASHTO 12.7.2.5
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Project:   Manchester, MA - T1199.02 Originator: M. Martell 10/17/2024 Checker:  E. Caron 10/22/2024

Design Vehicle Rating Factors:

Total weight of design 
vehicles:

≔Wtv

36
25
20
25
36
27
31

34.75
38.75
28.75

43

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf AASHTO 3.6.1.2.2 & B/M Pt. I Ch. 7 

System factor: ≔φs 1.00 MBE Table  6A4.2.4-.1

*condition factor taken as 
1.00 since B/M states that 
they shall not be used

Condition factor: ≔φc 1.00 MBE Table  6A4.2.3-.1 & B/M Pt. I 7.2.5.2A

Axial wall capacity: ≔Caxial =⋅⋅Rn.axial φs φc 75.66 klf MBE Eq. 6A4.2.1-2

Buckling capacity: ≔Cbuckling =⋅⋅Rn.buckling φs φc 75.66 klf MBE Eq. 6A4.2.1-2

Seam strength capacity: ≔Cseam =⋅⋅Rs φs φc 75.04 klf MBE Eq. 6A4.2.1-2

Inventory load rating factor 
for axial wall resistance:

≔LRaxial.inv =――――――
--Caxial TL.EV TL.DW

TL.inv

2.93
3.41
3.03
4.62
4.95
4.62
4.62
4.62
4.62
2.95
3.08

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1

Inventory load rating factor 
for buckling resistance:

≔LRbuckling.inv =―――――――
--Cbuckling TL.EV TL.DW

TL.inv

2.93
3.41
3.03
4.62
4.95
4.62
4.62
4.62
4.62
2.95
3.08

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1
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Inventory load rating factor 
for seam strength:

≔LRseam.inv =―――――――
--Cseam TL.EV TL.DW

TL.inv

2.91
3.38
3.00
4.58
4.91
4.58
4.58
4.58
4.58
2.92
3.06

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1

Operating load rating factor 
for axial wall resistance:

≔LRaxial.opr =――――――
--Caxial TL.EV TL.DW

TL.opr

3.80
4.42
3.92
5.99
6.42
5.99
5.99
5.99
5.99
3.82
4.00

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1

Operating load rating factor 
for buckling resistance:

≔LRbuckling.opr =―――――――
--Cbuckling TL.EV TL.DW

TL.opr

3.80
4.42
3.92
5.99
6.42
5.99
5.99
5.99
5.99
3.82
4.00

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1

Operating load rating factor 
for seam strength:

≔LRseam.opr =―――――――
--Cseam TL.EV TL.DW

TL.opr

3.77
4.38
3.89
5.94
6.36
5.94
5.94
5.94
5.94
3.79
3.96

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1
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Inventory load rating factor for 
axial wall resistance in tons:

≔TLRaxial.invi
=⋅LRaxial.invi

Wtvi

105.64
85.21
60.53

115.56
178.27
124.80
143.29
160.63
179.12
84.68

132.65

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Inventory load rating factor 
for buckling resistance in tons:

≔TLRbuckling.invi
=⋅LRbuckling.invi

Wtvi

105.64
85.21
60.53

115.56
178.27
124.80
143.29
160.63
179.12
84.68

132.65

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Inventory load rating factor 
for seam strength in tons:

≔TLRseam.invi
=⋅LRseam.invi

Wtvi

104.74
84.48
60.01

114.57
176.74
123.74
142.07
159.25
177.59
83.96

131.51

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Operating load rating factor for 
axial wall resistance in tons:

≔TLRaxial.opri
=⋅LRaxial.opri

Wtvi

136.94
110.45
78.46

149.80
231.09
161.78
185.75
208.22
232.19
109.77
171.95

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf
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Operating load rating factor 
for buckling resistance in tons:

≔TLRbuckling.opri
=⋅LRbuckling.opri

Wtvi

136.94
110.45
78.46

149.80
231.09
161.78
185.75
208.22
232.19
109.77
171.95

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Operating load rating factor 
for seam strength in tons:

≔TLRseam.opri
=⋅LRseam.opri

Wtvi

135.77
109.51
77.79

148.52
229.11
160.40
184.16
206.44
230.20
108.83
170.48

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Summary Tables of Rating Factors:

Summary of Inventory Load 
Rating Factors.

≔Headinginv “Loading” “Inv. Yielding” “Inv. Buckling” “Inv. Seam Strength”[[ ]]

≔Tableinv stack ⎛⎝ ,Headinginv augment ⎛⎝ ,,,VTmatrix LRaxial.inv LRbuckling.inv LRseam.inv⎞⎠⎞⎠

=Tableinv

“Loading” “Inv. Yielding” “Inv. Buckling” “Inv. Seam Strength”
“HL-93 Truck” 2.93 2.93 2.91

“HL-93 Tandem” 3.41 3.41 3.38
“H20” 3.03 3.03 3.00

“Type 3” 4.62 4.62 4.58
“Type 3S2” 4.95 4.95 4.91

“SU4” 4.62 4.62 4.58
“SU5” 4.62 4.62 4.58
“SU6” 4.62 4.62 4.58
“SU7” 4.62 4.62 4.58
“EV2” 2.95 2.95 2.92
“EV3” 3.08 3.08 3.06

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

Summary of Operating Load 
Rating Factors.

≔Headingopr “Loading” “Opr. Yielding” “Opr. Buckling” “Opr. Seam Strength”[[ ]]

≔Tableopr stack ⎛⎝ ,Headingopr augment ⎛⎝ ,,,VTmatrix LRaxial.opr LRbuckling.opr LRseam.opr⎞⎠⎞⎠

=Tableopr

“Loading” “Opr. Yielding” “Opr. Buckling” “Opr. Seam Strength”
“HL-93 Truck” 3.80 3.80 3.77

“HL-93 Tandem” 4.42 4.42 4.38
“H20” 3.92 3.92 3.89

“Type 3” 5.99 5.99 5.94
“Type 3S2” 6.42 6.42 6.36

“SU4” 5.99 5.99 5.94
“SU5” 5.99 5.99 5.94
“SU6” 5.99 5.99 5.94
“SU7” 5.99 5.99 5.94
“EV2” 3.82 3.82 3.79
“EV3” 4.00 4.00 3.96

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦
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Summary of Inventory Load 
Rating Factors in Tons.

≔Headingt.inv “Loading” “Inv. Yielding” “Inv. Buckling” “Inv. Seam Strength”[[ ]]

≔Tablet.inv stack
⎛
⎜
⎝

,Headingt.inv augment
⎛
⎜
⎝

,,,VTmatrix ――――
TLRaxial.inv

tonf
――――
TLRbuckling.inv

tonf
――――
TLRseam.inv

tonf

⎞
⎟
⎠

⎞
⎟
⎠

=Tablet.inv

“Loading” “Inv. Yielding” “Inv. Buckling” “Inv. Seam Strength”
“HL-93 Truck” 105.64 105.64 104.74

“HL-93 Tandem” 85.21 85.21 84.48
“H20” 60.53 60.53 60.01

“Type 3” 115.56 115.56 114.57
“Type 3S2” 178.27 178.27 176.74

“SU4” 124.80 124.80 123.74
“SU5” 143.29 143.29 142.07
“SU6” 160.63 160.63 159.25
“SU7” 179.12 179.12 177.59
“EV2” 84.68 84.68 83.96
“EV3” 132.65 132.65 131.51

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

Summary of Operating Load 
Rating Factors in Tons.

≔Headingt.opr “Loading” “Opr. Yielding” “Opr. Buckling” “Opr. Seam Strength”[[ ]]

≔Tablet.opr stack
⎛
⎜
⎝

,Headingt.opr augment
⎛
⎜
⎝

,,,VTmatrix ――――
TLRaxial.opr

tonf
――――
TLRbuckling.opr

tonf
――――
TLRseam.opr

tonf

⎞
⎟
⎠

⎞
⎟
⎠

=Tablet.opr

“Loading” “Opr. Yielding” “Opr. Buckling” “Opr. Seam Strength”
“HL-93 Truck” 136.94 136.94 135.77

“HL-93 Tandem” 110.45 110.45 109.51
“H20” 78.46 78.46 77.79

“Type 3” 149.80 149.80 148.52
“Type 3S2” 231.09 231.09 229.11

“SU4” 161.78 161.78 160.40
“SU5” 185.75 185.75 184.16
“SU6” 208.22 208.22 206.44
“SU7” 232.19 232.19 230.20
“EV2” 109.77 109.77 108.83
“EV3” 171.95 171.95 170.48

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦
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__________________________________________________________________________________________________________

Project: Manchester, MA - T1199.02 Calculated by: M. Martell
Date: 10/28/2024

Task: Structural Steel Plate Arch Culvert Rating 
with 50% Section Loss Checked by: E. Caron

282 Merrimack Street
Lawrence, MA 01843

Date: 10/28/2024Client: Cell Signaling Technologies Inc.
__________________________________________________________________________________________________________
Governing Specifications: AASHTO LRFD Bridge Design Specification, 9th Edition, 2020 (AASHTO) 

MassDOT 2020 LRFD Bridge Manual 100th Anniversary Edition (B/M)
The Manual for Bridge Evaluation, Third Edition with 2019 Revisions (MBE)
Existing Bridge Plans, M-02-021, dated 1952 (Exist. Plans)
Test Boring Log by GZA GeoEnvironmental Inc., dated 9/3/2024 (Geotech)

Design Methodology: Load and Resistance Factor Design (LRFD) 

Purpose: The following calculation is the load rating for the corrugated steel plate arch at Atwater Avenue over Sawmill Brook in 
Manchester, MA with 50% section loss in the thickness of the steel. The calculation below was done for all applicable design 
vehicles listed in Part I Chapter 7 of the MassDOT LRFD Bridge Manual.

General information:

Roadway elevation: ≔ELroad 148.45 ft Exist. Plans

Culvert crown elevation: ≔ELcul.crown 147.08 ft Exist. Plans

Height of cover above top of 
crown:

≔Hcover =-ELroad ELcul.crown 1.37 ft

Highest elevation above culvert 
crown:

≔ELhigh 149.19 ft Exist. Plans

Lowest elevation above the 
culvert crown:

≔ELlow 148.33 ft Exist. Plans

Average height of soil: ≔Havg_soil =-
⎛
⎜
⎝
―――――

+ELhigh ELlow

2

⎞
⎟
⎠

ELcul.crown 1.68 ft

Pavement thickness: ≔Hpavement 0.44 ft Geotech

Span length: ≔lspan 15 ft Exist. Plans

Height of opening: ≔hopen 79 in Exist. Plans

Thickness of original corrugated 
steel:

≔to 0.218 in Exist. Plans

50% of the thickness of original 
corrugated steel:

≔tc =⋅0.50 to 0.11 in

Bolted seam strength: ≔Fu_seam 112 klf *For 3/4-inch diameter bolt 
that is 0.218-inches thick

AASHTO Table A12-8

Minimum yield stress of the 
metal:

≔Fy 33 ksi AASHTO Table A12-10

Minimum tensile stress of the 
metal:

≔Fu 45 ksi AASHTO Table A12-10

Modulus of elasticity of steel: ≔Es 29000 ksi AASHTO Table A12-10

Original cross sectional area 
of pipe:

≔As.o 3.199 in2 AASHTO Table A12-3

Original moment of inertia of 
pipe:

≔Ix.o 0.1269 ――
in4

in
*For 6" x 2" corrugations AASHTO Table A12-3

Original radius of gyration of 
the corrugation:

≔rx.o 0.690 in AASHTO Table A12-3
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Ratio of remaining thickness 
to original thickness:

≔ρt =―
tc
to

0.50

Assuming that the remaining section's cross sectional area, moment of inertia, and radius of gyration can be approximated by
multiplying the original section properties by the ratio of the remaining steel thickness to original thickness.

Cross sectional area of 
remaining pipe:

≔As =⋅As.o ρt 1.600 in2 Exist. Plans

Moment of inertia of 
remaining pipe:

≔Ix =⋅Ix.o ρt 0.063 ――
in4

in
Exist. Plans

Radius of gyration of the 
remaining corrugation:

≔rx =⋅rx.o ρt 0.345 in Exist. Plans

Resistance factor for buried 
structures for wall area and 
buckling:

≔ϕb 1.00 AASHTO Table 12.5.5-1

Resistance factor for buried 
structures for seam strength:

≔ϕs 0.67 AASHTO Table 12.5.5-1

Soil Stiffness Factor: ≔k 0.22 AASHTO 12.7.2.4

Design Vehicle Properties:

Live Load Distribution Factor 
transverse or parallel to span:

≔LLDF 1.15 *for all buried structures excluding 
concrete pipes

AASHTO Table 3.6.1.2.6a-1

Vehicle type matrix title: ≔VTmatrix

“HL-93 Truck”
“HL-93 Tandem”

“H20”
“Type 3”

“Type 3S2”
“SU4”
“SU5”
“SU6”
“SU7”
“EV2”
“EV3”

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔i ‥1 rows ⎛⎝VTmatrix⎞⎠

Wheel spacing for each 
vehicle type:

≔swheel 6 ft AASHTO 3.6.1.2.6a-b

Axle spacing for each vehicle 
type:

≔saxle

14
4
14
4
4
4
4
4
4
15
4

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft *Assume most narrow 
axle spacing for 
loading conditions.

AASHTO 3.6.1.2.2 & 
B/M Pt. I Ch. 7 Figures 7.52-10A, -11, & -12

Assumed tire pressure: ≔ptire 80 psi B/M Pt. I - 7.2.5.9

Tire patch length: ≔lpatch 10 in B/M Pt. I - 7.2.5.9 & AASHTO 3.6.1.2.5

Number of design lanes: ≔Nlanes 1 *for traffic parallel to span AASHTO 3.6.1.2.6a

Multiple presence factor: ≔m 1.2 AASHTO Table 3.6.1.1.2-1
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Live load per wheel for each 
vehicle type (looking transversely):

≔Pt

16
12.5
16
8.5

7.75
8.5
8.5
8.5
8.5

16.75
15.5

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

kip AASHTO 3.6.1.2.2, AASHTO 3.6.1.2.3, &
B/M Pt. I Ch. 7 Figures 7.52-10A, -11, & -12

Density of soil: ≔ρsoil 120 pcf AASHTO Table 3.5.1-1

Density of pavement: ≔ρpave 140 pcf AASHTO Table 3.5.1-1

Design live lane load: ≔ωlane 0.64 klf AASHTO 3.6.1.2.4

Width of design live lane load : ≔wlane 10 ft AASHTO 3.6.1.2.4

Determine Vehicle Loading:

Vehicle tire contact area: ≔Atire =――
Pt

ptire

200.00
156.25
200.00
106.25
96.88

106.25
106.25
106.25
106.25
209.38
193.75

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in2 B/M Pt. I - 7.2.5.9 

Vehicle tire patch width: ≔wpatch =――
Atire

lpatch

20.00
15.63
20.00
10.63
9.69

10.63
10.63
10.63
10.63
20.94
19.38

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in B/M Pt. I - 7.2.5.9 & AASHTO 3.6.1.2.5

Vehicle wheel load interaction 
depth transverse to culvert:

≔Hint_t =―――――――
--swheel wpatch 0.06 lspan

LLDF

2.99
3.30
2.99
3.66
3.73
3.66
3.66
3.66
3.66
2.92
3.03

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft AASHTO Eq. 3.6.1.2.6b-1
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Vehicle wheel live load patch 
width at depth H:

≔ww.LLi
if

else

<Hcover Hint_ti

‖
‖
‖

++wpatchi
⋅LLDF Hcover 0.06 lspan

‖
‖
‖

+++wpatchi
swheel ⋅LLDF Hcover 0.06 lspan

AASHTO Eqs. 3.6.1.2.6b-2 & -3

=ww.LL

4.14
3.78
4.14
3.36
3.28
3.36
3.36
3.36
3.36
4.22
4.09

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft

Vehicle axel load interaction 
depth parallel to culvert:

≔Hint_p =――――
-saxle lpatch

LLDF

11.45
2.75

11.45
2.75
2.75
2.75
2.75
2.75
2.75

12.32
2.75

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft AASHTO Eq. 3.6.1.2.6b-4

Vehicle live load patch length at 
depth H:

≔lw.LLi
if

else

<Hcover Hint_pi

‖
‖ +lpatch ⋅LLDF Hcover

‖
‖
‖

++lpatch saxlei
⋅LLDF Hcover

AASHTO Eqs. 3.6.1.2.6b-5 & -6

=lw.LL

2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft

Vehicle dynamic allowance for 
buried structures:

≔IM =
⎛
⎜
⎝

⋅33 %
⎛
⎜
⎝

-1.0 ⋅0.125 ――
Hcover

ft

⎞
⎟
⎠

⎞
⎟
⎠

%27.35 AASHTO Eq. 3.6.2.2-1
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Vehicle live load rectangular 
patch area at depth H:

≔ALLi
=⋅ww.LLi

lw.LLi

9.98
9.10
9.98
8.10
7.91
8.10
8.10
8.10
8.10

10.17
9.85

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft2 AASHTO Eq. 3.6.1.2.6a-1

Vehicle live load vertical crown 
pressure:

≔PL =――――――

⋅⋅Pt
⎛
⎜
⎝
+1 ――

IM
%100
⎞
⎟
⎠

m

ALL

2.45
2.10
2.45
1.60
1.50
1.60
1.60
1.60
1.60
2.52
2.40

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf AASHTO Eq. 3.6.1.2.6b-7

Design Loads:

Unfactored dead load crown 
pressure due to soil:

≔PEV =⋅Havg_soil ρsoil 0.20 ksf

Unfactored dead load crown 
pressure due to pavement:

≔PDW =⋅Hpavement ρpave 0.06 ksf

Unfactored design lane load: ≔Plane

―――
⋅ωlane m

wlane

―――
⋅ωlane m

wlane
0
0
0
0
0
0
0
0
0

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

Unfactored vehicle live load 
crown pressure:

≔PLLi
=+PLi

Planei

2.53
2.18
2.45
1.60
1.50
1.60
1.60
1.60
1.60
2.52
2.40

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf
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AASHTO Table 3.4.1-1, 
MBE Table 6A.4.2.2-1 & 

Table 6A.5.12.5-1
Load factors: ≔γEV 1.30 ≔γDW 1.50 ≔γLL.inv 1.75 ≔γLL.opr 1.35

Factored dead load crown 
pressure due to soil:

≔Pu.EV =⋅PEV γEV 0.26 ksf

Factored dead load crown 
pressure due to pavement:

≔Pu.DW =⋅PDW γDW 0.09 ksf

Factored inventory vehicle live 
load crown pressure:

≔Pu.LL.invi
=⋅PLLi

γLL.inv

4.42
3.81
4.29
2.81
2.62
2.81
2.81
2.81
2.81
4.41
4.21

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf

Factored operating vehicle live 
load crown pressure:

≔Pu.LL.opri
=⋅PLLi

γLL.opr

3.41
2.94
3.31
2.17
2.02
2.17
2.17
2.17
2.17
3.40
3.25

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf

Combined factored loads when 
analyzing inventory vehicles:

≔Pinvi
=++Pu.EV Pu.DW Pu.LL.invi

4.78
4.16
4.64
3.16
2.98
3.16
3.16
3.16
3.16
4.76
4.56

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf

Combined factored loads when 
analyzing operating vehicles:

≔Popri
=++Pu.EV Pu.DW Pu.LL.opri

3.77
3.29
3.66
2.52
2.38
2.52
2.52
2.52
2.52
3.75
3.60

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf
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Determine Thrust:

Width of culvert on which live 
load is applied:

≔CLi
=min ⎛

⎜⎝
,lw.LLi
lspan⎞

⎟⎠

2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft AASHTO Eq. 12.7.2.2-2

Fmin value: ≔Fmin =max
⎛
⎜
⎜
⎜⎝

,―――
15

⋅12 ――
lspan

ft

1.00
⎞
⎟
⎟
⎟⎠

1.00 AASHTO Eq. 12.7.2.2-4

F1 value: ≔F1i
=max

⎛
⎜
⎜
⎝

,―――
⋅0.75 lspan

lw.LLi

Fmin
⎞
⎟
⎟
⎠

4.67
4.67
4.67
4.67
4.67
4.67
4.67
4.67
4.67
4.67
4.67

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

AASHTO Eq. 12.7.2.2-3

Factored thrust per unit length of 
wall due to dead load pressure 
caused by soil:

≔TL.EV =――――
⋅Pu.EV lspan

2
1.97 klf AASHTO Eq. 12.7.2.2-1 (modified)

Factored thrust per unit length of 
wall due to dead load pressure 
caused by pavement:

≔TL.DW =――――
⋅Pu.DW lspan

2
0.69 klf AASHTO Eq. 12.7.2.2-1 (modified)

Factored thrust per unit length of 
wall due to live load pressure 
caused by inventory vehicle:

≔TL.invi
=―――――

⋅⋅Pu.LL.invi
F1i

CLi

2

24.88
21.42
24.12
15.79
14.74
15.79
15.79
15.79
15.79
24.79
23.67

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

klf AASHTO Eq. 12.7.2.2-1 (modified)

Factored thrust per unit length of 
wall due to live load pressure 
caused by operating vehicle:

≔TL.opri
=―――――

⋅⋅Pu.LL.opri
F1i

CLi

2

19.19
16.52
18.61
12.18
11.37
12.18
12.18
12.18
12.18
19.12
18.26

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

klf AASHTO Eq. 12.7.2.2-1 (modified)
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Project:   Manchester, MA - T1199.02 Originator: M. Martell 10/28/2024 Checker:  E. Caron 10/28/2024

Total factored thrust with 
inventory design vehicle:

≔TT.invi
=++TL.EV TL.DW TL.invi

27.54
24.08
26.78
18.45
17.40
18.45
18.45
18.45
18.45
27.44
26.32

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

klf

Total factored thrust with 
operating design vehicle:

≔TT.opri
=++TL.EV TL.DW TL.opri

21.85
19.18
21.27
14.84
14.03
14.84
14.84
14.84
14.84
21.78
20.92

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

klf

Determine Resistance:

Critical buckling stress: ≔fcr =if

else

<lspan ⋅
⎛
⎜
⎝
―
rx

k

⎞
⎟
⎠

‾‾‾‾‾
――

⋅24 Es

Fu
‖
‖
‖
‖
‖‖

-Fu ―――――

⎛
⎜
⎝
――――

⋅⋅Fu k lspan

rx

⎞
⎟
⎠

2

⋅48 Es

‖
‖
‖
‖
‖‖

――――
⋅12 Es

⎛
⎜
⎝
―――
⋅k lspan

rx

⎞
⎟
⎠

2

25.83 ksi AASHTO Eq. 12.7.2.4-1 & 12.7.2.4-2

The factored axial resistance per 
unit of wall:

≔Rn.axial =⎛⎝ ⋅⋅ϕb Fy As⎞⎠ ―
1
ft

52.78 klf AASHTO Eq. 12.7.2.3-1

The factored buckling resistance 
per unit of wall:

≔Rn.buckling =⋅⋅ϕb ⎛⎝min ⎛⎝ ,fcr Fy⎞⎠⎞⎠ As ―
1
ft

41.32 klf AASHTO Eq. 12.7.2.3-1

The factored seam strength per 
unit of wall:

≔Rs =⋅ϕs Fu_seam 75.04 klf AASHTO 12.7.2.5
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Project:   Manchester, MA - T1199.02 Originator: M. Martell 10/28/2024 Checker:  E. Caron 10/28/2024

Design Vehicle Rating Factors:

Total weight of design 
vehicles:

≔Wtv

36
25
20
25
36
27
31

34.75
38.75
28.75

43

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf AASHTO 3.6.1.2.2 & B/M Pt. I Ch. 7 

System factor: ≔φs 1.00 MBE Table  6A4.2.4-.1

*condition factor taken as 
1.00 since B/M states that 
they shall not be used

Condition factor: ≔φc 1.00 MBE Table  6A4.2.3-.1 & B/M Pt. I 7.2.5.2A

Axial wall capacity: ≔Caxial =⋅⋅Rn.axial φs φc 52.78 klf MBE Eq. 6A4.2.1-2

Buckling capacity: ≔Cbuckling =⋅⋅Rn.buckling φs φc 41.32 klf MBE Eq. 6A4.2.1-2

Seam strength capacity: ≔Cseam =⋅⋅Rs φs φc 75.04 klf MBE Eq. 6A4.2.1-2

Inventory load rating factor 
for axial wall resistance:

≔LRaxial.inv =――――――
--Caxial TL.EV TL.DW

TL.inv

2.01
2.34
2.08
3.17
3.40
3.17
3.17
3.17
3.17
2.02
2.12

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1

Inventory load rating factor 
for buckling resistance:

≔LRbuckling.inv =―――――――
--Cbuckling TL.EV TL.DW

TL.inv

1.55
1.80
1.60
2.45
2.62
2.45
2.45
2.45
2.45
1.56
1.63

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1
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Project:   Manchester, MA - T1199.02 Originator: M. Martell 10/28/2024 Checker:  E. Caron 10/28/2024

Inventory load rating factor 
for seam strength:

≔LRseam.inv =―――――――
--Cseam TL.EV TL.DW

TL.inv

2.91
3.38
3.00
4.58
4.91
4.58
4.58
4.58
4.58
2.92
3.06

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1

Operating load rating factor 
for axial wall resistance:

≔LRaxial.opr =――――――
--Caxial TL.EV TL.DW

TL.opr

2.61
3.03
2.69
4.11
4.41
4.11
4.11
4.11
4.11
2.62
2.75

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1

Operating load rating factor 
for buckling resistance:

≔LRbuckling.opr =―――――――
--Cbuckling TL.EV TL.DW

TL.opr

2.01
2.34
2.08
3.17
3.40
3.17
3.17
3.17
3.17
2.02
2.12

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1

Operating load rating factor 
for seam strength:

≔LRseam.opr =―――――――
--Cseam TL.EV TL.DW

TL.opr

3.77
4.38
3.89
5.94
6.36
5.94
5.94
5.94
5.94
3.79
3.96

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1
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Project:   Manchester, MA - T1199.02 Originator: M. Martell 10/28/2024 Checker:  E. Caron 10/28/2024

Inventory load rating factor for 
axial wall resistance in tons:

≔TLRaxial.invi
=⋅LRaxial.invi

Wtvi

72.53
58.50
41.56
79.34

122.40
85.69
98.38

110.29
122.98
58.14
91.07

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Inventory load rating factor 
for buckling resistance in tons:

≔TLRbuckling.invi
=⋅LRbuckling.invi

Wtvi

55.95
45.12
32.06
61.20
94.41
66.09
75.89
85.07
94.86
44.85
70.25

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Inventory load rating factor 
for seam strength in tons:

≔TLRseam.invi
=⋅LRseam.invi

Wtvi

104.74
84.48
60.01

114.57
176.74
123.74
142.07
159.25
177.59
83.96

131.51

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Operating load rating factor for 
axial wall resistance in tons:

≔TLRaxial.opri
=⋅LRaxial.opri

Wtvi

94.02
75.83
53.87

102.85
158.66
111.08
127.53
142.96
159.42
75.37

118.06

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

72 52⎡ ⎤
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Project:   Manchester, MA - T1199.02 Originator: M. Martell 10/28/2024 Checker:  E. Caron 10/28/2024

Operating load rating factor 
for buckling resistance in tons:

≔TLRbuckling.opri
=⋅LRbuckling.opri

Wtvi

72.52
58.49
41.55
79.33

122.38
85.68
98.37

110.27
122.96
58.13
91.06

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Operating load rating factor 
for seam strength in tons:

≔TLRseam.opri
=⋅LRseam.opri

Wtvi

135.77
109.51
77.79

148.52
229.11
160.40
184.16
206.44
230.20
108.83
170.48

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Summary Tables of Rating Factors:

Summary of Inventory Load 
Rating Factors.

≔Headinginv “Loading” “Inv. Yielding” “Inv. Buckling” “Inv. Seam Strength”[[ ]]

≔Tableinv stack ⎛⎝ ,Headinginv augment ⎛⎝ ,,,VTmatrix LRaxial.inv LRbuckling.inv LRseam.inv⎞⎠⎞⎠

=Tableinv

“Loading” “Inv. Yielding” “Inv. Buckling” “Inv. Seam Strength”
“HL-93 Truck” 2.01 1.55 2.91

“HL-93 Tandem” 2.34 1.80 3.38
“H20” 2.08 1.60 3.00

“Type 3” 3.17 2.45 4.58
“Type 3S2” 3.40 2.62 4.91

“SU4” 3.17 2.45 4.58
“SU5” 3.17 2.45 4.58
“SU6” 3.17 2.45 4.58
“SU7” 3.17 2.45 4.58
“EV2” 2.02 1.56 2.92
“EV3” 2.12 1.63 3.06

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

Summary of Operating Load 
Rating Factors.

≔Headingopr “Loading” “Opr. Yielding” “Opr. Buckling” “Opr. Seam Strength”[[ ]]

≔Tableopr stack ⎛⎝ ,Headingopr augment ⎛⎝ ,,,VTmatrix LRaxial.opr LRbuckling.opr LRseam.opr⎞⎠⎞⎠

=Tableopr

“Loading” “Opr. Yielding” “Opr. Buckling” “Opr. Seam Strength”
“HL-93 Truck” 2.61 2.01 3.77

“HL-93 Tandem” 3.03 2.34 4.38
“H20” 2.69 2.08 3.89

“Type 3” 4.11 3.17 5.94
“Type 3S2” 4.41 3.40 6.36

“SU4” 4.11 3.17 5.94
“SU5” 4.11 3.17 5.94
“SU6” 4.11 3.17 5.94
“SU7” 4.11 3.17 5.94
“EV2” 2.62 2.02 3.79
“EV3” 2.75 2.12 3.96

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦
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Project:   Manchester, MA - T1199.02 Originator: M. Martell 10/28/2024 Checker:  E. Caron 10/28/2024

Summary of Inventory Load 
Rating Factors in Tons.

≔Headingt.inv “Loading” “Inv. Yielding” “Inv. Buckling” “Inv. Seam Strength”[[ ]]

≔Tablet.inv stack
⎛
⎜
⎝

,Headingt.inv augment
⎛
⎜
⎝

,,,VTmatrix ――――
TLRaxial.inv

tonf
――――
TLRbuckling.inv

tonf
――――
TLRseam.inv

tonf

⎞
⎟
⎠

⎞
⎟
⎠

=Tablet.inv

“Loading” “Inv. Yielding” “Inv. Buckling” “Inv. Seam Strength”
“HL-93 Truck” 72.53 55.95 104.74

“HL-93 Tandem” 58.50 45.12 84.48
“H20” 41.56 32.06 60.01

“Type 3” 79.34 61.20 114.57
“Type 3S2” 122.40 94.41 176.74

“SU4” 85.69 66.09 123.74
“SU5” 98.38 75.89 142.07
“SU6” 110.29 85.07 159.25
“SU7” 122.98 94.86 177.59
“EV2” 58.14 44.85 83.96
“EV3” 91.07 70.25 131.51

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

Summary of Operating Load 
Rating Factors in Tons.

≔Headingt.opr “Loading” “Opr. Yielding” “Opr. Buckling” “Opr. Seam Strength”[[ ]]

≔Tablet.opr stack
⎛
⎜
⎝

,Headingt.opr augment
⎛
⎜
⎝

,,,VTmatrix ――――
TLRaxial.opr

tonf
――――
TLRbuckling.opr

tonf
――――
TLRseam.opr

tonf

⎞
⎟
⎠

⎞
⎟
⎠

=Tablet.opr

“Loading” “Opr. Yielding” “Opr. Buckling” “Opr. Seam Strength”
“HL-93 Truck” 94.02 72.52 135.77

“HL-93 Tandem” 75.83 58.49 109.51
“H20” 53.87 41.55 77.79

“Type 3” 102.85 79.33 148.52
“Type 3S2” 158.66 122.38 229.11

“SU4” 111.08 85.68 160.40
“SU5” 127.53 98.37 184.16
“SU6” 142.96 110.27 206.44
“SU7” 159.42 122.96 230.20
“EV2” 75.37 58.13 108.83
“EV3” 118.06 91.06 170.48

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦
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__________________________________________________________________________________________________________

Project: Manchester, MA - T1199.02 Calculated by: M. Martell
Date: 10/28/2024

Task: Structural Steel Plate Arch Culvert Rating 
with 57% Section Loss Checked by: E. Caron

282 Merrimack Street
Lawrence, MA 01843

Date: 10/28/2024Client: Cell Signaling Technologies Inc.
__________________________________________________________________________________________________________
Governing Specifications: AASHTO LRFD Bridge Design Specification, 9th Edition, 2020 (AASHTO) 

MassDOT 2020 LRFD Bridge Manual 100th Anniversary Edition (B/M)
The Manual for Bridge Evaluation, Third Edition with 2019 Revisions (MBE)
Existing Bridge Plans, M-02-021, dated 1952 (Exist. Plans)
Test Boring Log by GZA GeoEnvironmental Inc., dated 9/3/2024 (Geotech)

Design Methodology: Load and Resistance Factor Design (LRFD) 

Purpose: The following calculation is the load rating for the corrugated steel plate arch at Atwater Avenue over Sawmill Brook in 
Manchester, MA with 50% section loss in the thickness of the steel. The calculation below was done for all applicable design 
vehicles listed in Part I Chapter 7 of the MassDOT LRFD Bridge Manual.

General information:

Roadway elevation: ≔ELroad 148.45 ft Exist. Plans

Culvert crown elevation: ≔ELcul.crown 147.08 ft Exist. Plans

Height of cover above top of 
crown:

≔Hcover =-ELroad ELcul.crown 1.37 ft

Highest elevation above culvert 
crown:

≔ELhigh 149.19 ft Exist. Plans

Lowest elevation above the 
culvert crown:

≔ELlow 148.33 ft Exist. Plans

Average height of soil: ≔Havg_soil =-
⎛
⎜
⎝
―――――

+ELhigh ELlow

2

⎞
⎟
⎠

ELcul.crown 1.68 ft

Pavement thickness: ≔Hpavement 0.44 ft Geotech

Span length: ≔lspan 15 ft Exist. Plans

Height of opening: ≔hopen 79 in Exist. Plans

Thickness of original corrugated 
steel:

≔to 0.218 in Exist. Plans

43% of the thickness of original 
corrugated steel:

≔tc =⋅0.43 to 0.09 in

Bolted seam strength: ≔Fu_seam 112 klf *For 3/4-inch diameter bolt 
that is 0.218-inches thick

AASHTO Table A12-8

Minimum yield stress of the 
metal:

≔Fy 33 ksi AASHTO Table A12-10

Minimum tensile stress of the 
metal:

≔Fu 45 ksi AASHTO Table A12-10

Modulus of elasticity of steel: ≔Es 29000 ksi AASHTO Table A12-10

Original cross sectional area 
of pipe:

≔As.o 3.199 in2 AASHTO Table A12-3

Original moment of inertia of 
pipe:

≔Ix.o 0.1269 ――
in4

in
*For 6" x 2" corrugations AASHTO Table A12-3

Original radius of gyration of 
the corrugation:

≔rx.o 0.690 in AASHTO Table A12-3
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Ratio of remaining thickness 
to original thickness:

≔ρt =―
tc
to

0.43

Assuming that the remaining section's cross sectional area, moment of inertia, and radius of gyration can be approximated by
multiplying the original section properties by the ratio of the remaining steel thickness to original thickness.

Cross sectional area of 
remaining pipe:

≔As =⋅As.o ρt 1.376 in2 Exist. Plans

Moment of inertia of 
remaining pipe:

≔Ix =⋅Ix.o ρt 0.055 ――
in4

in
Exist. Plans

Radius of gyration of the 
remaining corrugation:

≔rx =⋅rx.o ρt 0.297 in Exist. Plans

Resistance factor for buried 
structures for wall area and 
buckling:

≔ϕb 1.00 AASHTO Table 12.5.5-1

Resistance factor for buried 
structures for seam strength:

≔ϕs 0.67 AASHTO Table 12.5.5-1

Soil Stiffness Factor: ≔k 0.22 AASHTO 12.7.2.4

Design Vehicle Properties:

Live Load Distribution Factor 
transverse or parallel to span:

≔LLDF 1.15 *for all buried structures excluding 
concrete pipes

AASHTO Table 3.6.1.2.6a-1

Vehicle type matrix title: ≔VTmatrix

“HL-93 Truck”
“HL-93 Tandem”

“H20”
“Type 3”

“Type 3S2”
“SU4”
“SU5”
“SU6”
“SU7”
“EV2”
“EV3”

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

≔i ‥1 rows ⎛⎝VTmatrix⎞⎠

Wheel spacing for each 
vehicle type:

≔swheel 6 ft AASHTO 3.6.1.2.6a-b

Axle spacing for each vehicle 
type:

≔saxle

14
4
14
4
4
4
4
4
4
15
4

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft *Assume most narrow 
axle spacing for 
loading conditions.

AASHTO 3.6.1.2.2 & 
B/M Pt. I Ch. 7 Figures 7.52-10A, -11, & -12

Assumed tire pressure: ≔ptire 80 psi B/M Pt. I - 7.2.5.9

Tire patch length: ≔lpatch 10 in B/M Pt. I - 7.2.5.9 & AASHTO 3.6.1.2.5

Number of design lanes: ≔Nlanes 1 *for traffic parallel to span AASHTO 3.6.1.2.6a

Multiple presence factor: ≔m 1.2 AASHTO Table 3.6.1.1.2-1
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Live load per wheel for each 
vehicle type (looking transversely):

≔Pt

16
12.5
16
8.5

7.75
8.5
8.5
8.5
8.5

16.75
15.5

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

kip AASHTO 3.6.1.2.2, AASHTO 3.6.1.2.3, &
B/M Pt. I Ch. 7 Figures 7.52-10A, -11, & -12

Density of soil: ≔ρsoil 120 pcf AASHTO Table 3.5.1-1

Density of pavement: ≔ρpave 140 pcf AASHTO Table 3.5.1-1

Design live lane load: ≔ωlane 0.64 klf AASHTO 3.6.1.2.4

Width of design live lane load : ≔wlane 10 ft AASHTO 3.6.1.2.4

Determine Vehicle Loading:

Vehicle tire contact area: ≔Atire =――
Pt

ptire

200.00
156.25
200.00
106.25
96.88

106.25
106.25
106.25
106.25
209.38
193.75

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in2 B/M Pt. I - 7.2.5.9 

Vehicle tire patch width: ≔wpatch =――
Atire

lpatch

20.00
15.63
20.00
10.63
9.69

10.63
10.63
10.63
10.63
20.94
19.38

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

in B/M Pt. I - 7.2.5.9 & AASHTO 3.6.1.2.5

Vehicle wheel load interaction 
depth transverse to culvert:

≔Hint_t =―――――――
--swheel wpatch 0.06 lspan

LLDF

2.99
3.30
2.99
3.66
3.73
3.66
3.66
3.66
3.66
2.92
3.03

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft AASHTO Eq. 3.6.1.2.6b-1
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AASHTO Eqs. 3.6.1.2.6b-2 & -3Vehicle wheel live load patch 
width at depth H:

≔ww.LLi
if

else

<Hcover Hint_ti

‖
‖
‖

++wpatchi
⋅LLDF Hcover 0.06 lspan

‖
‖
‖

+++wpatchi
swheel ⋅LLDF Hcover 0.06 lspan

=ww.LL

4.14
3.78
4.14
3.36
3.28
3.36
3.36
3.36
3.36
4.22
4.09

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft

Vehicle axel load interaction 
depth parallel to culvert:

≔Hint_p =――――
-saxle lpatch

LLDF

11.45
2.75

11.45
2.75
2.75
2.75
2.75
2.75
2.75

12.32
2.75

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft AASHTO Eq. 3.6.1.2.6b-4

Vehicle live load patch length at 
depth H:

≔lw.LLi
if

else

<Hcover Hint_pi

‖
‖ +lpatch ⋅LLDF Hcover

‖
‖
‖

++lpatch saxlei
⋅LLDF Hcover

AASHTO Eqs. 3.6.1.2.6b-5 & -6

=lw.LL

2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft

Vehicle dynamic allowance for 
buried structures:

≔IM =
⎛
⎜
⎝

⋅33 %
⎛
⎜
⎝

-1.0 ⋅0.125 ――
Hcover

ft

⎞
⎟
⎠

⎞
⎟
⎠

%27.35 AASHTO Eq. 3.6.2.2-1
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Vehicle live load rectangular 
patch area at depth H:

≔ALLi
=⋅ww.LLi

lw.LLi

9.98
9.10
9.98
8.10
7.91
8.10
8.10
8.10
8.10

10.17
9.85

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft2 AASHTO Eq. 3.6.1.2.6a-1

Vehicle live load vertical crown 
pressure:

≔PL =――――――

⋅⋅Pt
⎛
⎜
⎝
+1 ――

IM
%100
⎞
⎟
⎠

m

ALL

2.45
2.10
2.45
1.60
1.50
1.60
1.60
1.60
1.60
2.52
2.40

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf AASHTO Eq. 3.6.1.2.6b-7

Design Loads:

Unfactored dead load crown 
pressure due to soil:

≔PEV =⋅Havg_soil ρsoil 0.20 ksf

Unfactored dead load crown 
pressure due to pavement:

≔PDW =⋅Hpavement ρpave 0.06 ksf

Unfactored design lane load: ≔Plane

―――
⋅ωlane m

wlane

―――
⋅ωlane m

wlane
0
0
0
0
0
0
0
0
0

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

Unfactored vehicle live load 
crown pressure:

≔PLLi
=+PLi

Planei

2.53
2.18
2.45
1.60
1.50
1.60
1.60
1.60
1.60
2.52
2.40

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf
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AASHTO Table 3.4.1-1, 
MBE Table 6A.4.2.2-1 & 

Table 6A.5.12.5-1
Load factors: ≔γEV 1.30 ≔γDW 1.50 ≔γLL.inv 1.75 ≔γLL.opr 1.35

Factored dead load crown 
pressure due to soil:

≔Pu.EV =⋅PEV γEV 0.26 ksf

Factored dead load crown 
pressure due to pavement:

≔Pu.DW =⋅PDW γDW 0.09 ksf

Factored inventory vehicle live 
load crown pressure:

≔Pu.LL.invi
=⋅PLLi

γLL.inv

4.42
3.81
4.29
2.81
2.62
2.81
2.81
2.81
2.81
4.41
4.21

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf

Factored operating vehicle live 
load crown pressure:

≔Pu.LL.opri
=⋅PLLi

γLL.opr

3.41
2.94
3.31
2.17
2.02
2.17
2.17
2.17
2.17
3.40
3.25

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf

Combined factored loads when 
analyzing inventory vehicles:

≔Pinvi
=++Pu.EV Pu.DW Pu.LL.invi

4.78
4.16
4.64
3.16
2.98
3.16
3.16
3.16
3.16
4.76
4.56

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf

Combined factored loads when 
analyzing operating vehicles:

≔Popri
=++Pu.EV Pu.DW Pu.LL.opri

3.77
3.29
3.66
2.52
2.38
2.52
2.52
2.52
2.52
3.75
3.60

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ksf
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Determine Thrust:

Width of culvert on which live 
load is applied:

≔CLi
=min ⎛

⎜⎝
,lw.LLi
lspan⎞

⎟⎠

2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41
2.41

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

ft AASHTO Eq. 12.7.2.2-2

Fmin value: ≔Fmin =max
⎛
⎜
⎜
⎜⎝

,―――
15

⋅12 ――
lspan

ft

1.00
⎞
⎟
⎟
⎟⎠

1.00 AASHTO Eq. 12.7.2.2-4

F1 value: ≔F1i
=max

⎛
⎜
⎜
⎝

,―――
⋅0.75 lspan

lw.LLi

Fmin
⎞
⎟
⎟
⎠

4.67
4.67
4.67
4.67
4.67
4.67
4.67
4.67
4.67
4.67
4.67

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

AASHTO Eq. 12.7.2.2-3

Factored thrust per unit length of 
wall due to dead load pressure 
caused by soil:

≔TL.EV =――――
⋅Pu.EV lspan

2
1.97 klf AASHTO Eq. 12.7.2.2-1 (modified)

Factored thrust per unit length of 
wall due to dead load pressure 
caused by pavement:

≔TL.DW =――――
⋅Pu.DW lspan

2
0.69 klf AASHTO Eq. 12.7.2.2-1 (modified)

Factored thrust per unit length of 
wall due to live load pressure 
caused by inventory vehicle:

≔TL.invi
=―――――

⋅⋅Pu.LL.invi
F1i

CLi

2

24.88
21.42
24.12
15.79
14.74
15.79
15.79
15.79
15.79
24.79
23.67

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

klf AASHTO Eq. 12.7.2.2-1 (modified)

Factored thrust per unit length of 
wall due to live load pressure 
caused by operating vehicle:

≔TL.opri
=―――――

⋅⋅Pu.LL.opri
F1i

CLi

2

19.19
16.52
18.61
12.18
11.37
12.18
12.18
12.18
12.18
19.12
18.26

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

klf AASHTO Eq. 12.7.2.2-1 (modified)
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Total factored thrust with 
inventory design vehicle:

≔TT.invi
=++TL.EV TL.DW TL.invi

27.54
24.08
26.78
18.45
17.40
18.45
18.45
18.45
18.45
27.44
26.32

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

klf

Total factored thrust with 
operating design vehicle:

≔TT.opri
=++TL.EV TL.DW TL.opri

21.85
19.18
21.27
14.84
14.03
14.84
14.84
14.84
14.84
21.78
20.92

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

klf

Determine Resistance:

Critical buckling stress: ≔fcr =if

else

<lspan ⋅
⎛
⎜
⎝
―
rx

k

⎞
⎟
⎠

‾‾‾‾‾
――

⋅24 Es

Fu
‖
‖
‖
‖
‖‖

-Fu ―――――

⎛
⎜
⎝
――――

⋅⋅Fu k lspan

rx

⎞
⎟
⎠

2

⋅48 Es

‖
‖
‖
‖
‖‖

――――
⋅12 Es

⎛
⎜
⎝
―――
⋅k lspan

rx

⎞
⎟
⎠

2

19.54 ksi AASHTO Eq. 12.7.2.4-1 & 12.7.2.4-2

The factored axial resistance per 
unit of wall:

≔Rn.axial =⎛⎝ ⋅⋅ϕb Fy As⎞⎠ ―
1
ft

45.39 klf AASHTO Eq. 12.7.2.3-1

The factored buckling resistance 
per unit of wall:

≔Rn.buckling =⋅⋅ϕb ⎛⎝min ⎛⎝ ,fcr Fy⎞⎠⎞⎠ As ―
1
ft

26.87 klf AASHTO Eq. 12.7.2.3-1

The factored seam strength per 
unit of wall:

≔Rs =⋅ϕs Fu_seam 75.04 klf AASHTO 12.7.2.5
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Design Vehicle Rating Factors:

Total weight of design 
vehicles:

≔Wtv

36
25
20
25
36
27
31

34.75
38.75
28.75

43

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf AASHTO 3.6.1.2.2 & B/M Pt. I Ch. 7 

System factor: ≔φs 1.00 MBE Table  6A4.2.4-.1

*condition factor taken as 
1.00 since B/M states that 
they shall not be used

Condition factor: ≔φc 1.00 MBE Table  6A4.2.3-.1 & B/M Pt. I 7.2.5.2A

Axial wall capacity: ≔Caxial =⋅⋅Rn.axial φs φc 45.39 klf MBE Eq. 6A4.2.1-2

Buckling capacity: ≔Cbuckling =⋅⋅Rn.buckling φs φc 26.87 klf MBE Eq. 6A4.2.1-2

Seam strength capacity: ≔Cseam =⋅⋅Rs φs φc 75.04 klf MBE Eq. 6A4.2.1-2

Inventory load rating factor 
for axial wall resistance:

≔LRaxial.inv =――――――
--Caxial TL.EV TL.DW

TL.inv

1.72
2.00
1.77
2.71
2.90
2.71
2.71
2.71
2.71
1.72
1.81

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1

Inventory load rating factor 
for buckling resistance:

≔LRbuckling.inv =―――――――
--Cbuckling TL.EV TL.DW

TL.inv

0.97
1.13
1.00
1.53
1.64
1.53
1.53
1.53
1.53
0.98
1.02

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1
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Project:   Manchester, MA - T1199.02 Originator: M. Martell 10/28/2024 Checker:  E. Caron 10/28/2024

Inventory load rating factor 
for seam strength:

≔LRseam.inv =―――――――
--Cseam TL.EV TL.DW

TL.inv

2.91
3.38
3.00
4.58
4.91
4.58
4.58
4.58
4.58
2.92
3.06

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1

Operating load rating factor 
for axial wall resistance:

≔LRaxial.opr =――――――
--Caxial TL.EV TL.DW

TL.opr

2.23
2.59
2.30
3.51
3.76
3.51
3.51
3.51
3.51
2.24
2.34

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1

Operating load rating factor 
for buckling resistance:

≔LRbuckling.opr =―――――――
--Cbuckling TL.EV TL.DW

TL.opr

1.26
1.47
1.30
1.99
2.13
1.99
1.99
1.99
1.99
1.27
1.33

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1

Operating load rating factor 
for seam strength:

≔LRseam.opr =―――――――
--Cseam TL.EV TL.DW

TL.opr

3.77
4.38
3.89
5.94
6.36
5.94
5.94
5.94
5.94
3.79
3.96

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

MBE Eq. 6A4.2.1-1
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Project:   Manchester, MA - T1199.02 Originator: M. Martell 10/28/2024 Checker:  E. Caron 10/28/2024

Inventory load rating factor for 
axial wall resistance in tons:

≔TLRaxial.invi
=⋅LRaxial.invi

Wtvi

61.84
49.88
35.43
67.64

104.35
73.06
83.88
94.03

104.85
49.57
77.65

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Inventory load rating factor 
for buckling resistance in tons:

≔TLRbuckling.invi
=⋅LRbuckling.invi

Wtvi

35.04
28.26
20.08
38.33
59.13
41.39
47.53
53.28
59.41
28.09
43.99

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Inventory load rating factor 
for seam strength in tons:

≔TLRseam.invi
=⋅LRseam.invi

Wtvi

104.74
84.48
60.01

114.57
176.74
123.74
142.07
159.25
177.59
83.96

131.51

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Operating load rating factor for 
axial wall resistance in tons:

≔TLRaxial.opri
=⋅LRaxial.opri

Wtvi

80.16
64.65
45.93
87.69

135.27
94.70

108.73
121.89
135.92
64.26

100.65

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

T1199.02_Atwater Ave_Culvert Rating_Failing Rating.mcdx Print Date: 10/28/2024 Page 11 of 13



Project:   Manchester, MA - T1199.02 Originator: M. Martell 10/28/2024 Checker:  E. Caron 10/28/2024

Operating load rating factor 
for buckling resistance in tons:

≔TLRbuckling.opri
=⋅LRbuckling.opri

Wtvi

45.42
36.63
26.02
49.68
76.64
53.66
61.61
69.06
77.01
36.41
57.03

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Operating load rating factor 
for seam strength in tons:

≔TLRseam.opri
=⋅LRseam.opri

Wtvi

135.77
109.51
77.79

148.52
229.11
160.40
184.16
206.44
230.20
108.83
170.48

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

tonf

Summary Tables of Rating Factors:

Summary of Inventory Load 
Rating Factors.

≔Headinginv “Loading” “Inv. Yielding” “Inv. Buckling” “Inv. Seam Strength”[[ ]]

≔Tableinv stack ⎛⎝ ,Headinginv augment ⎛⎝ ,,,VTmatrix LRaxial.inv LRbuckling.inv LRseam.inv⎞⎠⎞⎠

=Tableinv

“Loading” “Inv. Yielding” “Inv. Buckling” “Inv. Seam Strength”
“HL-93 Truck” 1.72 0.97 2.91

“HL-93 Tandem” 2.00 1.13 3.38
“H20” 1.77 1.00 3.00

“Type 3” 2.71 1.53 4.58
“Type 3S2” 2.90 1.64 4.91

“SU4” 2.71 1.53 4.58
“SU5” 2.71 1.53 4.58
“SU6” 2.71 1.53 4.58
“SU7” 2.71 1.53 4.58
“EV2” 1.72 0.98 2.92
“EV3” 1.81 1.02 3.06

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

Summary of Operating Load 
Rating Factors.

≔Headingopr “Loading” “Opr. Yielding” “Opr. Buckling” “Opr. Seam Strength”[[ ]]

≔Tableopr stack ⎛⎝ ,Headingopr augment ⎛⎝ ,,,VTmatrix LRaxial.opr LRbuckling.opr LRseam.opr⎞⎠⎞⎠

=Tableopr

“Loading” “Opr. Yielding” “Opr. Buckling” “Opr. Seam Strength”
“HL-93 Truck” 2.23 1.26 3.77

“HL-93 Tandem” 2.59 1.47 4.38
“H20” 2.30 1.30 3.89

“Type 3” 3.51 1.99 5.94
“Type 3S2” 3.76 2.13 6.36

“SU4” 3.51 1.99 5.94
“SU5” 3.51 1.99 5.94
“SU6” 3.51 1.99 5.94
“SU7” 3.51 1.99 5.94
“EV2” 2.24 1.27 3.79
“EV3” 2.34 1.33 3.96

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦
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Project:   Manchester, MA - T1199.02 Originator: M. Martell 10/28/2024 Checker:  E. Caron 10/28/2024

Summary of Inventory Load 
Rating Factors in Tons.

≔Headingt.inv “Loading” “Inv. Yielding” “Inv. Buckling” “Inv. Seam Strength”[[ ]]

≔Tablet.inv stack
⎛
⎜
⎝

,Headingt.inv augment
⎛
⎜
⎝

,,,VTmatrix ――――
TLRaxial.inv

tonf
――――
TLRbuckling.inv

tonf
――――
TLRseam.inv

tonf

⎞
⎟
⎠

⎞
⎟
⎠

=Tablet.inv

“Loading” “Inv. Yielding” “Inv. Buckling” “Inv. Seam Strength”
“HL-93 Truck” 61.84 35.04 104.74

“HL-93 Tandem” 49.88 28.26 84.48
“H20” 35.43 20.08 60.01

“Type 3” 67.64 38.33 114.57
“Type 3S2” 104.35 59.13 176.74

“SU4” 73.06 41.39 123.74
“SU5” 83.88 47.53 142.07
“SU6” 94.03 53.28 159.25
“SU7” 104.85 59.41 177.59
“EV2” 49.57 28.09 83.96
“EV3” 77.65 43.99 131.51

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦

Summary of Operating Load 
Rating Factors in Tons.

≔Headingt.opr “Loading” “Opr. Yielding” “Opr. Buckling” “Opr. Seam Strength”[[ ]]

≔Tablet.opr stack
⎛
⎜
⎝

,Headingt.opr augment
⎛
⎜
⎝

,,,VTmatrix ――――
TLRaxial.opr

tonf
――――
TLRbuckling.opr

tonf
――――
TLRseam.opr

tonf

⎞
⎟
⎠

⎞
⎟
⎠

=Tablet.opr

“Loading” “Opr. Yielding” “Opr. Buckling” “Opr. Seam Strength”
“HL-93 Truck” 80.16 45.42 135.77

“HL-93 Tandem” 64.65 36.63 109.51
“H20” 45.93 26.02 77.79

“Type 3” 87.69 49.68 148.52
“Type 3S2” 135.27 76.64 229.11

“SU4” 94.70 53.66 160.40
“SU5” 108.73 61.61 184.16
“SU6” 121.89 69.06 206.44
“SU7” 135.92 77.01 230.20
“EV2” 64.26 36.41 108.83
“EV3” 100.65 57.03 170.48

⎡
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢⎣

⎤
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥⎦
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Manchester, MA M-02-021 (8AL) – Load Rating Summary and Results 8 
 

Appendix B - Design References 
I. Proposed Bridge Plans Service Road Sation 14+72.0 Over Saw Mill Brook, dated May 

1952, one (1) page(s). 
II. MassDOT Structures Inspection Field Report dated October 1, 2024, nine (9) page(s). 
III. Test Boring Log by GZA GeoEnvironmental Inc., dated September 3, 2024, four (4) 

page(s). 
IV. AASHTO LRFD Bridge Design Specification, 9th Edition, 2020, eighteen (18) page(s). 
V. MassDOT 2020 LRFD Bridge Manual 100th Anniversary Edition, six (6) page(s). 
VI. The Manual for Bridge Evaluation, Third Edition with 2019 Revisions, four (4) page(s). 

 





ITEM 61 CHANNEL & CHANNEL PROTECTION APPROACH CONDITION

ITEM 62

DEF

CULVERT & RETAINING WALLS
Dive
Rpt.

This
Rpt.

WEIGHT POSTING

Rtn.Cul.(1)04-07

Not Applicable

Actual Posting

Recommended Posting

Waived Date:

Signs In Place

EJDMT Date:

Legibility/
Visibility

PLANS

(V.C.R.)

TAPE#:

(Y/N):

(Y/N):

At  bridge Advance

TOTAL HOURSACCESSIBILITY (Y/N/P):

Boat

Waders

DEF

1.

2.

3.

4.

5.

DEF

6.

STREAM FLOW VELOCITY:

ITEM 61 (Dive Report):

93b-
U/W INSP DATE:

a.

b.

c.

DEF

DEF

TYPE OF CULVERT: BARRELS:

DEPTH OF COVER

CURB REVEAL

SIZE: NUMBER:

(To the nearest tenth of a meter)

(In millimeters)

DEF

UNDERMINING  (Y/N) If YES please explain

COLLISION DAMAGE: Please explain

LOAD VIBRATION: Please explain

SHAPE:

MATERIAL:

COATING:

1.

2.

3.

4.

5.

7.

16.

8.

9.

10.

11.

12.

13.

7.

(In Meters)

I62 (Dive Report): I62 (This Report):

ITEM 61 (This Report):

Ladder

Needed Used

Other:

Needed Used

Dive
Rpt.

This
Rpt.

Dive
Rpt.

This
Rpt.

Dive
Rpt.

This
Rpt.

Dive
Rpt.

This
Rpt.

6.

14.

15.

(Y=Yes,N=No,
NR=NotRequired)

17.

18.

d.

STRUCTURES INSPECTION FIELD REPORT2-DIST B.I.N. BR. DEPT. NO.

CITY/TOWN 8.-STRUCTURE NO. 41-STATUS 90-ROUTINE INSP. DATE

MEMORIAL NAME/LOCAL NAME 27-YR BUILT 106-YR REBUILT YR REHAB'D (NON 106)

06-FEATURES INTERSECTED 26-FUNCTIONAL CLASS

43-STRUCTURE TYPE 22-OWNER 21-MAINTAINER

WEATHER TEMP. (air)

TEAM LEADER

07-FACILITY CARRIED

TEAM MEMBERS107-DECK TYPE

1PAGE OF

X=UNKNOWN N=NOT APPLICABLE H=HIDDEN/INACCESSIBLE R=REMOVED

DEF

ITEM 36 TRAFFIC SAFETY

36 COND

A. Bridge Railing

B. Transitions

C. Approach Guardrail

D. Approach Guardrail Ends

If YES please give priority:

REASON:

Recommend for Rating or Rerating (Y/N):

Date:

Rating Report (Y/N):

RATING

Inspection data at time of existing rating

I 62: Date :

Severe (Moderate (None ( Minor () ) ) )

Severe (Moderate (None ( Minor () ) ) )

Low (Moderate (High (Tidal ( ) ) ) )

LOW (MEDIUM (HIGH ( ) ) )

DIST. BRIDGE INSPECTION ENGINEER

3S2 SingleH 3

MASSACHUSETTS DEPARTMENT OF TRANSPORTATION

Appr. Pavement Condition

Appr. Roadway Settlement

Appr. Sidewalk Settlement

N N

-

1ARCH

STEEL

GALVANIZED

5

N

00/00/0000

N N N N

N N N N

00/00/0000 00/00/0000

12

0

N

0

0

5

4.38Wx2.80H

N - N - 8 -

N - 6 M-P 8 -

N - 6 M-P 7 -

XN - 6 M-P

N - N -

X5 S-P N -

6 M-P7 - N -

X

7 -6 M-P 6 M-P

N -5 S-P 6 M-P

7 -

7 -

X

6 M-P

N
Y

N -

Y6 M-P

N

N

6 M-P

N

Y

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

N

8

N

E W E W

6 M-PN

5 N 5

Roof

Pipe

Wingwall

Headwall

Walls

Floor

Protective Coating

Utilities

Sidewalks

Railing

Wearing Surface

Embankment

Member Alignment

Abutment / Footing

Settlement

Scour

Deformation

N -N

Debris

Embankment Erosion

Aggradation

Rip-Rap/Slope Protection

Channel Scour

Vegetation

Utilities

N -

04 8AL

MANCHESTER M02021-8AL-MUN-BRI A:OPEN

HWY   ATWATER AVE 2006 0000 0000

WATER SAW MILL BROOK Rural Local
J. Dideo

Town Agency Town Agency
R. Orlando

B. RAJBHANDARIN : Not applicable Cloudy 17°C

OCT 1, 2024

CULVERT INSPECTION M-02-021

00/00/0000

0.4 0.5

N S

N N

00/00/0000

319 : Steel Culvert

000.000

11-Kilo. POINT

N



No deficiencies.

No noticeable or noteworthy differences which affect the condition of the culvert. Insignificant scrape marks caused by drift.

Shrinkage cracks, light scaling, and insignificant spalling, which does not expose reinforcing steel. Insignificant damage caused by drift with not
misalignment and not requiring corrective action. Some minor scouring has occurred near curtain walls, wingwalls, or pipes. Metal culverts have a
smooth symmetrical curvature with superficial corrosion and no pitting.

Bridge closed. Corrective action may put back in light service.

Deterioration or initial disintegration, minor chloride contamination, cracking with some leaching, or spalls on concrete or masonry walls and slabs. Local
minor scouring at curtain walls, wingwalls, or pipes. Metal culverts have a smooth curvature, non-symmetrical shape, significant corrosion or moderate
pitting.

Moderate to major deterioration, or disintegration, extensive cracking and leaching, or spalls on concrete or masonry walls and slabs. Minor settlement
or misalignment. Noticeable scouring or erosion at curtain walls, wingwalls, or pipes. Metal culverts have significant distortion and deflection in one
section, significant corrosion or deep pitting.

Large spalls, heavy scaling, wide cracks, considerable efforescence, or opened construction joints permitting loss of backfill. Considerable settlement or
misalignment. Considerable scouring or erosion at curtain walls, wingwalls, or pipes. Metal culverts have significant distortion and deflection throughout,
extensive corrosion or deep pitting.

Any condition described in Code 4 but which is excessive in scope. Severe movement or differential settlement of the segments, or loss of fill. Holes may
exist in walls or slabs. Integral wingwalls, nearly severed from culvert. Severe scour or erosion at curtain walls, wingwalls, or pipes. Metal culverts have
extreme distortion and deflection in one section, extensive corrosion, or deep pitting with scattered perforations.

Advanced deterioration of primary structural elements. Fatigue cracks in steel or shear cracks in concrete may be present or scour may have removed
substructure support. Unless closely monitored it may be necessary to close the bridge until corrective action is taken.

Bridge closed. Replacement necessary.

SERIOUS

CRITICAL

"IMMINENT" FAILURE

FAILED

NOT APPLICABLE

G

G

G

F

F

P

P

C

C

N

9

8

7

6

5

4

3

2

1

0

EXCELLENT

VERY GOOD

GOOD

SATISFACTORY

FAIR

POOR

Use if structure is not a culvert.

REMARKS, PHOTOS & SKETCHES

S= Severe/Major Deficiency

C-S= Critical Deficiency -

M= Minor Deficiency

CATEGORIES OF DEFICIENCIES:

URGENCY OF REPAIR:

DEFICIENCY:

I = Immediate-

A = ASAP-

P = Prioritize-  [Shall be prioritized by District Maintenance Engineer or the Responsible Party (if not a State owned bridge) and repairs made when funds and/or manpower is available].

A defect in a structure that requires corrective action.

(Examples include but are not limited to: Spalled concrete, minor to moderate corrosion to steel culverts, minor settlement or misalignment, minor scouring, minor damage to guardrail, etc.)

(Examples include but are not limited to: Large spalls, wide cracks, moderate to major deterioration in concrete, considerable settlement, considerable scouring or undermining,
extensive corrosion and deflection in steel culverts, etc.)

A deficiency in a structural component or element of a bridge that poses an extreme hazard or unsafe condition to the public. (Follow-up Critical Deficiency Report must be submitted
separately)

 [Inspector(s) stay at the bridge until the District Maintenance crew or the responsible Agency crew(if not a State bridge) show up and corrective action is taken.]

 [Action will be taken by the District Maintenance Engineer or the Responsible Agency (if not a State owned bridge) upon receipt of the Inspection Report].

CUL(2)10-16

CONDITION RATING GUIDE

DEFICIENCY REPORTING GUIDE

B.I.N. BR. DEPT. NO.CITY/TOWN 8.-STRUCTURE NO. INSPECTION DATE

PAGE OF

DEFECTSCODE CONDITION

2 8

MANCHESTER 8AL M-02-021 M02021-8AL-MUN-BRI OCT 1, 2024

BRIDGE ORIENTATION
The bridge M-02-021 (8AL) carries Atwater Avenue over Saw Mill Brook in the Town of Manchester,
Massachusetts.  The abutments are labeled east and west and Saw Mill Brook flows from north to south.

GENERAL REMARKS
Note: While the only plans on record are from 1952 and the corrugated arch has since been replaced, it
appears as though the new corrugated arch is the same size and of the same gauge steel.

ITEM 62 - CULVERT

Item 62.6 - Pipe
The corrugated structural steel arch has an original thickness of 7/32" (5 Gauge).

The bottom of both sides of the arch have full length x up to 8" high minor laminar rust with minor section
loss / pitting, up to 1/16" deep (5/32" remaining), heaviest at the interface with the abutment / footing (See
Photos 1 & 2).

Item 62.8 - Embankment
The top of both embankments have large placed cut granite blocks as embankment protection.

The top east end of the south embankment has previous settlement of several blocks that has since been
stabilized with gravel and crushed stone.  There are a few random voids between the stones, up to 1'
diameter with penetrations of up to 2' deep (See Photo 3).



PAGE

REM.(2)7-96

REMARKS

8AL M02021-8AL-MUN-BRI

3 8

MANCHESTER OCT 1, 2024

OF

B.I.N. BR. DEPT. NO.CITY/TOWN 8.-STRUCTURE NO. INSPECTION DATE

M-02-021

The bottom of the north embankment along the east side of the culvert has a 3' wide x 1' high x up to 1' deep
area of undermining of the bottom stone.

Item 62.9 - Wearing Surface
The bituminous concrete wearing surface and both approaches have scattered minor longitudinal and
transverse cracks up to 1/8" wide.

The eastbound lane has a full length x up to 2' wide area of minor longitudinal cracking (cracks up to 1/4"
wide and some sealed) and settlement that continues into both approaches (See Photo 4).

Item 62.10 - Railing
There is single panel w-beam guardrail along both sides of the culvert with steel posts and no offset blocks.

The south rail has a 5' long area of minor damage to the top at the east end (See Photo 5).

Item 62.17 - Abutment / Footing
The bottom several inches of the concrete abutments / footings are hidden under the water surface.

The exposed portion has moderate scaling throughout.

The top of the west abutment / footing has a 20" long x up to 4" wide x up to 3" deep spall located 7' from the
north end (See Photo 6).

ITEM 61 - CHANNEL AND CHANNEL PROTECTION

Item 61.2 - Embankment Erosion
All channel embankments have minor erosion.

Item 61.3 - Debris
There is a full channel width x up to 2' high pile of debris and tree branches within the culvert, near the north
end (See Photo 7).

Item 61.6 - Rip-Rap/Slope Protection
See Item 62.8 - Embankment.

Item 61.7 - Aggradation
There is a 5' wide x up to 2' high area of aggradation at the southeast corner of the culvert (See Photo 8).

APPROACHES

Approaches a - Appr. Pavement Condition
See Item 62.9 - Wearing Surface.

TRAFFIC SAFETY

Item 36a - Bridge Railing
See Item 62.10 - Railing.

Item 36c - Approach Guardrail
The approach guardrail is w-beam panels on steel posts with no offset blocks.
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The northwest, southwest and southeast approach rails have random minor dents throughout.

Item 36d - Approach Guardrail Ends
The southwest corner has a boxing glove end that is turned from traffic.

The northwest corner has a boxing glove end that is not turned from traffic and has minor dents and surface
rust.

The southeast and northeast corners are continuous with the roadway.

Photo Log
Photo 1 : Typical laminar rust and section loss to the bottom 8" of the corrugated arch (east side shown).
Photo 2 : Typical laminar rust and section loss to the bottom 8" of the corrugated arch (east side shown).
Photo 3 : Settled stones and voids in the top east end of the south embankment.
Photo 4 : Longitudinal cracking to the eastbound lane of the wearing surface.
Photo 5 : Damage to the top of the south railing near the east end.
Photo 6 : Spall to the top of the west abutment / footing near the north end.
Photo 7 : Debris pile near the north end of the culvert.
Photo 8 : Aggradation at the southeast corner of the culvert.



REM.(2)7-96

Typical laminar rust and section loss to the bottom 8" of the
corrugated arch (east side shown).

Typical laminar rust and section loss to the bottom 8" of the
corrugated arch (east side shown).
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Photo 2:
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Photo 1:
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Settled stones and voids in the top east end of the south
embankment.

Longitudinal cracking to the eastbound lane of the wearing surface.
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Photo 3:
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Damage to the top of the south railing near the east end.

Spall to the top of the west abutment / footing near the north end.
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Photo 5:
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Debris pile near the north end of the culvert.

Aggradation at the southeast corner of the culvert.
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Report Date: October 7, 2024
Code

Code

Code

Code

Classification

Field Posting

Misc.

Rating Loads

Appraisal

Load Rating and Posting

Condition

Inspections

State Information

Geometric Data

Age and Service

Structure Type and Material

Identification

Navigation Data

Accessibility (Needed/Used)

Jointless bridge type:

FHWA Select List= N (6/21/2017)

BDEPT#=

B.I.N= AASHTO=8AL 026.0

Town=

(35) Structure Flared

(33) Bridge Median -

C) Type of deck protection -

B) Type of membrane -

A) Type of wearing surface -

(107) Deck Structure Type -

(40) Navigation Horizontal Clearance

(116) Vert-lift Bridge Nav Min Vert Clear

(39) Navigation Vertical Clearance

Code

(47) Inventory Route Total Horiz Clear

(49) Structure Length

(50) Curb or sidewalk:

(27) Year Built

(106) Year Reconstructed

(42) Type of Service: On -

Under -

(28) Lanes: On Structure

(29) Average Daily Traffic

(30) Year of ADT

(19) Bypass, detour length

(108) Wearing Surface / Protective System:

(43) Structure Type Main:

(46) Number of approach spans

(45) Number of spans in main unit

(44) Structure Type Appr:

(99) Border Bridge Structure No.   #

(8) Structure Number

(16) Latitude

(5) Inventory Route

(2) State Highway Department District

(3) County Code (4) Place code

(6) Features Intersected

(7) Facility Carried

(9) Location

(11) Kilometerpoint

DEG

(17) Longitude

(98) Border Bridge State Code Share %

Code

Code

Code

Code

Code

Code

Code

Under structure

(109) Truck ADT %

(48) Length of maximum span

Left Right

(51) Bridge Roadway Width Curb to Curb

(52) Deck Width Out to Out

(32) Approach Roadway Width (w/shoulders)

Code

(34) Skew DEG

(10) Inventory Route MIN Vert Clear

(53) Min Vert Clear Over Bridge Rdwy

(54) Min Vert Underclear ref

(55) Min Lat Underclear RT ref

(56) Min Lat Underclear LT

(38) Navigation Control -

(111) Pier Protection Code

(12) Base Highway Network

(13) LRS Inventory Route & Subroute

MIN SEC

DEG MIN SEC

(112) NBIS Bridge Length

(37) Historical Significance

(22) Owner -

(100) Defense Highway

(21) Maintain -

(20) Toll -

(110) Designated  National Network

(103) Temporary Structure

(102) Direction of Traffic -

(101) Parallel Structure

(26) Functional Class -

(104) Highway System

(105) Federal Lands Highways

KM

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

09

0

M020218ALMUNBRI
N

150000000 2

04

009 37945 0

WATER SAW MILL BROOK

HWY   ATWATER AVE 3

0.25 MI E OF SCHOOL ST 03

0000.000 03

42 35 37.17

70 45 42.10

319

000

001

0000

N

6

N

N

2006

0000

15

02 00

005800

2024 07

199

0004.4

00004.4

00.0 00.0

000.0

000.0

005.5

0

10

99.99

08.4

99.99

N 00.00

N 00.0

00.0

0

000.0

0000.0

Agency Br.No.

Anti-missile fence

Recommended

2 Axle 3 Axle 5 Axle

Actual

Bridge Name

Status Posting Date 00/00/00

Acrow Panel Jointless Bridge

(B) Underwater Inspection

(C) Other Special Inspection

(*) Closed Bridge

(A) Fracture Critical Detail

(*) Damage Inspection

(92) Critical Feature Inspection:

MO

MO A)

(93) CFI DATE

(91) Frequency(90) Inspection Date

MO B)

MO C)

MO *)

MO *)

MO *)

(113) Scour Critical Bridges

(36) Traffic Safety Features

(72) Approach Roadway Alignment

(71) Waterway adequacy

(69) Underclearances, vert. and horiz.

(68) Deck Geometry

(67) Structural Evaluation

(41) Structure -

(66) Inventory Rating

(64) Operating Rating

(31) Design Load -

(62) Culverts

Condition

(58) Deck

(59) Superstructure

(60) Substructure

(61) Channel & Channel Protection

(70) Bridge Posting

(63) Operating Rating Method -

(65) Inventory Rating Method -

N

N

N

5

5

4

2

00.0

2

00.0

0

A

2

N

N

7

8

0 N 0 0

6

10/01/24 24

00 00/00/00

00 00/00/00

00 06/13/05

00 00/00/00

00 00/00/00

00/00/00

H20 Type 3 Type 3S2 Type HS

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

(*) UW Special Inspection MO *)00 00/00/00

(*) Other Inspection ()

Missing Signs

Freeze/Thaw

RANK= 0 H.I.=

L.O.

N

N

N

N

N

000000000000

N

M02021

Manchester

Rural Local

2-way traffic

On free road

Town Agency

Town Agency

undetermined

Steel

Culvert Not applicable

Other

Not applicable

Bituminous

Not applicable=no deck

Not applicable=no deck

Highway

Waterway

No median

No navigation control on waterway

N

N

N

N

N

N

N

N N N

N : Not Applicable

H 20=M 18

Open

Allowable Stress (AS)

Allowable Stress (AS)

80.2 %

Operating

Inventory

Report  Date 00/00/00

Single

N / N Liftbucket

N / N N / N

N / N N / N

Y / Y N / N

N / N

N / N Rigging

N / N

Ladder Staging

Boat Traffic Control

Wader RR Flagperson

Inspector 50 Police

Inspection

Hours: 012

N / N Other

# Stairs On/Adjacent 0 Stair Owner(s)



S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

0.44

9

11.5

25

28.5

30

1 - Ground elevation estimated from Autocad file titled "25770ec.dwg" provided by Hancock Associates on 10/17/2022.
2 - Rollerbit through existing pavement to approximately 6 inches below ground surface (bgs).
3 - Drove 4-inch casing from 0 to 29 feet bgs.
4 - Slow rollerbit advancement from 2.5 to 4 feet bgs.
5 - No recovery in 2-inch or 3-inch split spoon samples from 9 to 11 feet bgs. Blow counts represent 2-inch split spoon drive.
6 - Hit an obstruction at approximately 28.5 feet bgs. Rollerbit through obstruction to refual at 30 feet bgs. Possible bedrock indicated in wash
water from approximately 29.5 to 30 feet bgs.

89

91

6

14

14

14

5

1

47.6

39.0

36.5

23.0

19.5

18.0

1
2
3

4

5

6

ASPHALT

FILL

ORGANIC SILT AND
SAND

SAND

CLAY & SILT

WEATHERED ROCK

24

24

24

24

24

24

24

24

14

5

0

12

7

10

19

24

0.5-2.5

4.0-6.0

9.0-11.0

11.0-13.0

14.0-16.0

19.0-21.0

24.0-26.0

26.0-28.0

S-1:  Very dense, brown to tan, fine to coarse SAND, little
Gravel, trace Silt.

S-2:  Very dense, brown, fine to coarse SAND, some
Gravel, trace Silt, wet.

S-3:  No Recovery

S-4:  (Top 6") Black to brown, ORGANIC SILT, some fine
to medium Sand, trace Gravel, wet.
(Bottom 9") Gray, fine to medium SAND, trace Silt, wet.

S-5:  Medium dense, gray, fine to medium SAND, trace
Silt, wet.

S-6:  Medium dense, gray, fine SAND, some Silt, wet.

S-7:  (Top 9") Gray, fine SAND, some Silt, wet.
(Bottom 10") Gray, CLAYEY SILT, little fine Sand, wet.

S-8:  Very Soft, gray, CLAY & SILT, wet.

19  50

 39  18

13  36

 55  20

5  3

 3  5

6  8

 6  9

4  6

 8  6

4  7

 7  6

5  4

 1  1

WOH  1

 WOH/12"

Drilling Co.: 48
35

9/3/2024 - 9/3/2024

Automatic Hammer
140

30
4.0/4.5

See Log Key for exploration of sample description and identification procedures. Stratification lines represent
approximate boundaries between soil and bedrock types. Actual transitions may be gradual. Water level readings have
been made at the times and under the conditions stated. Fluctuations of groundwater may occur due to other factors
than those present at the times the measurements were made.
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GtechDrill GT-8 Ground Surface Elev. (ft.):

TEST BORING LOG

Engineers and Scientists

Foreman:

Sam Doyle
New England Boring Contractors

Date Start - Finish:
NAVD88

Type of Rig: Truck-Mounted
Rig Model:
Drilling Method:

NX
24

2.0
SS

Cell Signaling Technology (CST)
Utility Bridge Crossing over Sawmill Brook
Atwater Ave, Manchester-by-the-Sea, MA

D&W

EXPLORATION NO.:    B-1
SHEET:             1 of 2
PROJECT NO:  18.0175487.04
REVIEWED BY:  MPS

SPT
Value

PID
(PPM)

Hammer Weight (lb.):
Hammer Fall (in.):
Auger or Casing O.D./I.D Dia (in.):

R
E

M
A

R
K

S

Exploration No.:
B-1

E
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v.
(f

t.
)

R
em
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k

Sampler O.D. (in.):

H. Datum: NAD83

V. Datum:Mike Matarozzo

Hammer Type:

Boring Location:

GZA
GeoEnvironmental, Inc.

Sampler Type:

Rock Core Size:
Sampler Length (in.):

Stratum
Description

Logged By:

Sample
Pen.
(in)

Rec.
(in)

Depth
(ft.)

Final Boring Depth (ft.):

Sample Description and Identification
(Modified Burmister Procedure)

See PlanSee Plan
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30 min 29
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C-1

35

7 - Upon completion, borehole was backfilled with soil cuttings to approximately 6-inch bgs. Repaired ground surface with aspahlt cold patch.

13.0
7

BEDROCK

60 5930.0-35.0 C-1:  Hard, fresh, medium grained, gray to pink,
GRANITE. Slightly to moderately fractured, very close to
moderately close, vertical to sub-horizontal
fractures/joints.

End of exploration at 35 feet

RQD=

81%
(5:29)

(4:46)

(4:53)

(4:26)

(4:41)

Drilling Co.: 48
35

9/3/2024 - 9/3/2024

Automatic Hammer
140

30
4.0/4.5

See Log Key for exploration of sample description and identification procedures. Stratification lines represent
approximate boundaries between soil and bedrock types. Actual transitions may be gradual. Water level readings have
been made at the times and under the conditions stated. Fluctuations of groundwater may occur due to other factors
than those present at the times the measurements were made.
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GtechDrill GT-8 Ground Surface Elev. (ft.):

TEST BORING LOG

Engineers and Scientists

Foreman:

Sam Doyle
New England Boring Contractors

Date Start - Finish:
NAVD88

Type of Rig: Truck-Mounted
Rig Model:
Drilling Method:

NX
24

2.0
SS

Cell Signaling Technology (CST)
Utility Bridge Crossing over Sawmill Brook
Atwater Ave, Manchester-by-the-Sea, MA

D&W

EXPLORATION NO.:    B-1
SHEET:             2 of 2
PROJECT NO:  18.0175487.04
REVIEWED BY:  MPS

SPT
Value

PID
(PPM)

Hammer Weight (lb.):
Hammer Fall (in.):
Auger or Casing O.D./I.D Dia (in.):
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S

Exploration No.:
B-1
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)
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k

Sampler O.D. (in.):

H. Datum: NAD83

V. Datum:Mike Matarozzo

Hammer Type:

Boring Location:

GZA
GeoEnvironmental, Inc.

Sampler Type:

Rock Core Size:
Sampler Length (in.):

Stratum
Description

Logged By:

Sample
Pen.
(in)

Rec.
(in)

Depth
(ft.)

Final Boring Depth (ft.):

Sample Description and Identification
(Modified Burmister Procedure)

See PlanSee Plan
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S-1

S-2

S-3

S-4

S-5

S-6

S-7

S-8

0.625

11.5
12

30

1 - Ground elevation estimated from Autocad file titled "25770ec.dwg" provided by Hancock Associates on 10/17/2022.
2 - Rollerbit from ground surface to approximately 6-inches below ground surface (bgs).
3 - Drove 4-inch casing from 0 to 45 feet bgs.
4 - Rollerbit chatter from approximately 3.5 to 4 feet bgs.
5 - Rollerbit chatter and complete loss of water from approximately 8.5 to 9 feet bgs.
6 - No recovery in 2-inch split spoon sample S-4 from 14 to 16 feet bgs. 3-inch split spoon would not advanced through boring to collect a
sample from 14 to 16 feet bgs. Drilling indicated it was due to a possible shift in the casing. Samped 16 to 18 feet with 2 inch split spoon.

55

23

2

14

22

14

14

31

47.4

36.5
36.0

18.0

1
2
3

4

5

6

ASPHALT

FILL

ORGANIC SILT

SAND

24

24

24

24

24

24

24

24

12

7

5

0

16

7

6

10

0.5-2.5

4.0-6.0

9.0-11.0

14.0-16.0

16.0-18.0

19.0-21.0

24.0-26.0

29.0-31.0

S-1:  Very dense, dark brown to tan, fine to coarse SAND,
little Silt, trace Gravel.

S-2:  Medium dense, brown, fine to coarse SAND, some
Gravel, trace Silt.

S-3:  (Top 2") Brown, fine to coarse SAND, some Gravel,
trace Silt, wet.
(Middle 1") Black, ORGANIC SILT, some fine to medium
Sand, trace Root.
(Bottom 2") Gray, fine to medium SAND, little Silt, wet.

S-4:  No Recovery

S-5:  Medium dense, gray, fine to medium SAND, little
Silt, wet.

S-6:  Medium dense, gray, fine SAND, little Silt, wet.

S-7:  Medium dense, gray, fine SAND, little Silt, wet.

S-8:  (Top 4") Gray, fine to medium SAND, little Silt, wet.

32  30

 25  23

10  13

 10  8

3  1

 1  6

5  7

 7  9

10  10

 12  11

5  6

 8  8

6  6

 8  8

4  10

Drilling Co.: 48
45

9/4/2024 - 9/4/2024

Automatic Hammer
140

30
4.0/4.5

See Log Key for exploration of sample description and identification procedures. Stratification lines represent
approximate boundaries between soil and bedrock types. Actual transitions may be gradual. Water level readings have
been made at the times and under the conditions stated. Fluctuations of groundwater may occur due to other factors
than those present at the times the measurements were made.
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GtechDrill GT-8 Ground Surface Elev. (ft.):

TEST BORING LOG

Engineers and Scientists

Foreman:

Sam Doyle
New England Boring Contractors

Date Start - Finish:
NAVD88

Type of Rig: Truck-Mounted
Rig Model:
Drilling Method:

24
2.0

SS

Cell Signaling Technology (CST)
Utility Bridge Crossing over Sawmill Brook
Atwater Ave, Manchester-by-the-Sea, MA

D&W

EXPLORATION NO.:    B-2
SHEET:             1 of 2
PROJECT NO:  18.0175487.04
REVIEWED BY:  MPS

SPT
Value

PID
(PPM)

Hammer Weight (lb.):
Hammer Fall (in.):
Auger or Casing O.D./I.D Dia (in.):
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Exploration No.:
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Sampler O.D. (in.):

H. Datum: NAD83

V. Datum:Mike Matarozzo

Hammer Type:

Boring Location:

GZA
GeoEnvironmental, Inc.

Sampler Type:

Rock Core Size:
Sampler Length (in.):

Stratum
Description

Logged By:

Sample
Pen.
(in)

Rec.
(in)

Depth
(ft.)

Final Boring Depth (ft.):

Sample Description and Identification
(Modified Burmister Procedure)

See PlanSee Plan
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S-9

S-10

S-11

45

7 - Rollerbit chatter from 33.5 to 34 feet bgs.
8 - Casing and rollerbit refusal at 45 feet bgs on probable bedrock.
9 - Upon completion, borehole was backfilled with soil cuttings to approximately 6-inch bgs. Repaired ground surface with aspahlt cold patch.

20

77

66

3.0

7

8

9

GLACIAL DEPOSIT

24

24

24

8

12

8

34.0-36.0

39.0-41.0

43.0-45.0

(Bottom 6") Olive-gray, fine to coarse SAND, some
Gravel, little Silt, wet.

S-9:  Medium dense, olive-gray, fine to coarse SAND,
some Gravel, little Silt, wet.

S-10:  Very dense, olive-gray, fine to coarse SAND and
GRAVEL, little Silt, wet.

S-11:  Very dense, olive-gray, fine to coarse SAND and
GRAVEL, little Silt, wet.

End of exploration at 45 feet

 21  14

15  11

 9  9

19  29

 48  47

55  35

 31  31

Drilling Co.: 48
45

9/4/2024 - 9/4/2024

Automatic Hammer
140

30
4.0/4.5

See Log Key for exploration of sample description and identification procedures. Stratification lines represent
approximate boundaries between soil and bedrock types. Actual transitions may be gradual. Water level readings have
been made at the times and under the conditions stated. Fluctuations of groundwater may occur due to other factors
than those present at the times the measurements were made.
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Engineers and Scientists

Foreman:

Sam Doyle
New England Boring Contractors

Date Start - Finish:
NAVD88

Type of Rig: Truck-Mounted
Rig Model:
Drilling Method:
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Cell Signaling Technology (CST)
Utility Bridge Crossing over Sawmill Brook
Atwater Ave, Manchester-by-the-Sea, MA
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Sampler O.D. (in.):

H. Datum: NAD83

V. Datum:Mike Matarozzo

Hammer Type:

Boring Location:

GZA
GeoEnvironmental, Inc.

Sampler Type:

Rock Core Size:
Sampler Length (in.):

Stratum
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Logged By:
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Final Boring Depth (ft.):

Sample Description and Identification
(Modified Burmister Procedure)
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Date Water

9.181224
Time Stab. Time Casing

30 min 43
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