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The Advanced Structures and Composites Center at the University of Maine (UMaine) 
performed live load testing and rating adjustment factor analysis for three truss bridges. The 
Maine Department of Transportation (DOT) indicated that the floor beams are not sufficient for 
carrying the legal loads for these bridges.  Each bridge is a steel through-truss bridge with floor 
beams, stringers and a variable depth concrete slab that was not designed to be composite with 
the steel framing.  The bridges were all located in Maine in Brownville, Chester and T-3 Indian 
Purchase.    Live load testing was conducted on April 8th, April 10th and April 15th, 2014 by 
UMaine with assistance from Maine DOT personnel to evaluate the performance of typical floor 
beams. Stringers were considered to be of secondary concern to the Maine DOT, and were not 
heavily instrumented.      
 

TEST SETUP & INSTRUMENTATION 

Each bridge was instrumented with strain gages using a semi-wireless structural testing system.  
These gages were generally located on the bottom flange, mid-height and under the top flange of 
the steel members. On each bridge, two floor beams and one stringer were instrumented.  
Eighteen gages were used for both the Brownville and Chester bridges each and 24 gages were 
installed on the Indian Purchase bridge test.  Gage locations at each cross section are shown in 
Figure 1, Figure 2, and Figure 3. 

 
Figure 1 - Gage location on Brownville cross section of floor beams and stringers respectively 
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Figure 2 - Gage location on Chester cross section of floor beams and stringers respectively 

 
Figure 3 - Gage location on Indian Purchase cross section of floor beams and stringers respectively 

Bridge number 3222 in Brownville had 6 cross sections with three gages each.  Four cross-
sections were on the floor beams and two on the centerline stringer spanning between the 
instrumented floor beams.  The third and fourth floor beams from the south abutment were 
instrumented and can be seen in Figure 4.  The bridges in Chester and Indian Purchase are 
instrumented similarly and are shown in Figure 5 and Figure 6 respectively.   
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Figure 4 – Gage locations for Bridge No. 3222 in Brownville, ME 
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Figure 5 – Gage locations for Bridge No. 3790 in Chester, ME 
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Figure 6 – Gage locations for Bridge No. 3666 in T-3 Indian Purchase, ME 

TEST VEHICLES 

Four loaded, dual rear axle dump trucks were used to load each bridge.  The weight of each set 
of wheels and the spacing of the axles and wheels were recorded on site prior to loading the 
bridge.  These measurements are given in Appendix A.  The average weight of the trucks is 
shown in Table 1 and a typical truck can be seen in Figure 7.  
 

Table 1 – Average truck weight during bridge testing 

 Brownville (#3222) Chester (#3790) T3-Indian Purchase (#3366) 

Average truck 
weight 54,840 lb. 64,050 60,825 
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Figure 7 – Typical test truck 

TESTING 

Three series of tests were conducted at each bridge, each with increasing loads to the bridge 
members.  Initially, a single truck was driven across the bridge at low speed (see Figure 7).  The 
second test had two trucks traveling side by side at low speed across the bridge. The final series 
consisted of two static tests with four trucks positioned to maximize load to the floor beams of 
interest.  Truck position was captured during the rolling tests with the AutoClicker, which 
records tire revolutions from a starting point on the bridge.   
The load cases for the Brownville bridge are shown in Figure 8, Figure 9 and Figure 10. 
Similarly, the load cases for Chester are shown in Figure 11, Figure 12 and Figure 13 and Indian 
Purchase in Figure 14, Figure 15, and Figure 16. 
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Figure 8 – One truck loading of Brownville 

 
Figure 9 – Two truck loading of Brownville 

 



UMaine Composites Center Report 15-6-979 

 
UMaine Composites Center CONFIDENTIAL Telephone:  207-581-2123 
35 Flagstaff Rd                                                                            FAX:  207-581-2074 
University of Maine 9 composites@umit.maine.edu 
Orono, ME 04469  www.composites.umaine.edu 

 

 

 
Figure 10 – Four truck loading of Brownville 

 
Figure 11- One truck loading of Chester 
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Figure 12 – Two truck loading of Chester 

 
Figure 13 – Four truck loading of Chester 
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Figure 14 – One truck loading of Indian Purchase bridge 

 
Figure 15 – Two truck loading at Indian Purchase bridge 
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Figure 16 – Four truck loading at Indian Purchase bridge 

RESULTS 

Strain data were collected with three different loadings at each bridge.  Representative strain 
plots for key locations and peak values for all gages are detailed as follows for each structure. 

BROWNVILLE (NO. 3222) 
Data for the rolling single truck load case for Brownville is shown in Figure 17 and Table 2.  The 
peak strain values for the rolling two truck case is given in  
 
Table 3 and the peak values for Brownville’s static four truck loading is given in Table 4.  A plot 
of critical strain gage data during the four truck loading is also shown Figure 18. 
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Figure 17 – Plot of strain during first test at Brownville (Bridge No. 3222) 

 

	
  

Table 2 - Peak Values for Single Truck Loading of the Brownville Bridge (No. 3222) 

Sensor	
   B3060	
   B3057	
   B3062	
   B3068	
   B3069	
   B3070	
   B3811	
   B3067	
   B3075	
  

Max	
  Strain	
  
(με)	
   4.68	
   20.32	
   30.78	
   13.12	
   4.49	
   20.31	
   44.42	
   37.59	
   31.33	
  

Min	
  Strain	
  
(με)	
   -­‐1.49	
   -­‐2.86	
   0.52	
   1.03	
   -­‐4.58	
   -­‐0.79	
   -­‐4.20	
   -­‐7.52	
   1.24	
  

Sensor	
   B3055	
   B3058	
   B3056	
   B3063	
   B3066	
   B3074	
   B3064	
   B3810	
   B3071	
  

Max	
  Strain	
  
(με)	
  

3.79	
   16.31	
   32.73	
   50.48	
   57.91	
   21.57	
   16.42	
   6.79	
   11.80	
  

Min	
  Strain	
  
(με)	
  

0.14	
   -­‐1.09	
   -­‐1.21	
   -­‐1.56	
   -­‐0.13	
   0.91	
   -­‐2.08	
   0.65	
   0.54	
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Table 3 - Peak Values for Two Truck Loading of the Brownville Bridge (No. 3222) 

Sensor	
   B3060	
   B3057	
   B3062	
   B3068	
   B3069	
   B3070	
   B3811	
   B3067	
   B3075	
  

Max	
  Strain	
  
(με)	
  

9.93	
   38.20	
   47.19	
   18.09	
   12.07	
   36.61	
   84.13	
   77.18	
   48.21	
  

Min	
  Strain	
  
(με)	
  

-­‐2.14	
   -­‐5.43	
   -­‐1.44	
   -­‐0.94	
   -­‐8.35	
   -­‐5.15	
   -­‐8.91	
   -­‐10.40	
   -­‐1.15	
  

Sensor	
   B3055	
   B3058	
   B3056	
   B3063	
   B3066	
   B3074	
   B3064	
   B3810	
   B3071	
  

Max	
  Strain	
  
(με)	
  

4.72	
   22.77	
   42.41	
   84.39	
   92.76	
   24.17	
   23.40	
   7.85	
   17.32	
  

Min	
  Strain	
  
(με)	
  

-­‐0.10	
   -­‐0.40	
   -­‐1.54	
   -­‐1.50	
   -­‐3.16	
   -­‐1.72	
   -­‐1.15	
   -­‐0.10	
   -­‐0.29	
  

 

 
Figure 18 – Plot of peak strain during static positioning of four trucks across two floor beams for 

Brownville (No. 3222) 
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Table 4 - Peak Values for Four Truck Loading of the Brownville Bridge (No. 3222) 

Sensor	
   B3060	
   B3057	
   B3062	
   B3068	
   B3069	
   B3070	
   B3811	
   B3067	
   B3075	
  

Max	
  Strain	
  
(με)	
  

12.44	
   39.91	
   72.26	
   25.53	
   13.03	
   34.73	
   79.71	
   75.02	
   74.95	
  

Min	
  Strain	
  
(με)	
  

-­‐1.84	
   -­‐3.92	
   -­‐2.35	
   -­‐2.05	
   -­‐5.90	
   -­‐4.52	
   -­‐10.97	
   -­‐9.53	
   -­‐3.64	
  

Sensor	
   B3055	
   B3058	
   B3056	
   B3063	
   B3066	
   B3074	
   B3064	
   B3810	
   B3071	
  

Max	
  Strain	
  
(με)	
  

6.53	
   36.82	
   66.52	
   132.37	
   144.91	
   29.90	
   35.37	
   11.81	
   26.23	
  

Min	
  Strain	
  
(με)	
  

-­‐0.21	
   -­‐0.48	
   -­‐2.55	
   -­‐3.45	
   -­‐3.20	
   -­‐4.94	
   -­‐1.70	
   -­‐0.01	
   -­‐2.11	
  

CHESTER (NO. 3790) 

Data for the rolling single truck load case for Chester is shown in Table 5.  The peak strain 
values for the rolling two truck case is given in Table 6 and the peak values for Chester’s static 
four truck loading is given in Table 7.   
Table 5 - Peak Values for Single Truck Loading of the Chester bridge (No. 3790) 

Sensor	
   B3067	
   B3811	
   B3070	
   B3060	
   B3064	
   B3066	
   B3062	
   B3068	
   B3071	
  

Max	
  Strain	
  
(με)	
   145.37	
   13.36	
   12.65	
   31.09	
   67.77	
   136.52	
   3.95	
   1.68	
   40.63	
  

Min	
  Strain	
  
(με)	
   -­‐18.64	
   -­‐11.31	
   116.09	
   -­‐36.84	
   -­‐2.78	
   -­‐3.53	
   -­‐113.01	
   -­‐111.86	
   -­‐26.07	
  

Sensor	
   B3057	
   B3075	
   B3069	
   B3810	
   B3074	
   B3063	
   B3056	
   B3058	
   B3055	
  

Max	
  Strain	
  
(με)	
   18.22	
   10.69	
   -­‐0.67	
   5.00	
   2.10	
   136.99	
   73.07	
   4.55	
   13.34	
  

Min	
  Strain	
  
(με)	
   -­‐41.94	
   -­‐11.01	
   122.62	
   -­‐2.49	
   -­‐59.63	
   -­‐3.53	
   -­‐5.59	
   -­‐4.70	
   -­‐68.90	
  

 
Table 6 – Peak Values for Two Truck Loading of the Chester bridge (No. 3790) 

Sensor	
   B3067	
   B3811	
   B3070	
   B3060	
   B3064	
   B3066	
   B3062	
   B3068	
   B3071	
  

Max	
  Strain	
  
(με)	
   230.52	
   17.44	
   13.14	
   22.39	
   90.81	
   229.31	
   10.57	
   2.72	
   55.80	
  

Min	
  Strain	
  
(με)	
   -­‐25.45	
   -­‐18.27	
   -­‐171.95	
   -­‐15.09	
   -­‐6.41	
   -­‐5.18	
   -­‐10.48	
   -­‐165.74	
   -­‐43.07	
  

Sensor	
   B3057	
   B3075	
   B3069	
   B3810	
   B3074	
   B3063	
   B3056	
   B3058	
   B3055	
  

Max	
  Strain	
  
(με)	
   28.93	
   5.03	
   -­‐0.02	
   2.85	
   0.40	
   219.17	
   99.91	
   6.14	
   20.13	
  

Min	
  Strain	
  
(με)	
   -­‐41.23	
   -­‐18.42	
   -­‐195.18	
   -­‐5.44	
   -­‐85.95	
   -­‐2.66	
   -­‐5.86	
   -­‐4.34	
   -­‐90.80	
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Table 7 – Peak Values for Four Truck Loading at the Chester bridge (No. 3790) 

Sensor	
   B3067	
   B3811	
   B3070	
   B3060	
   B3064	
   B3066	
   B3062	
   B3068	
   B3071	
  

Max	
  Strain	
  
(με)	
   225.63	
   24.29	
   15.72	
   43.21	
   165.02	
   410.24	
   5.33	
   1.25	
   77.32	
  

Min	
  Strain	
  
(με)	
   -­‐20.80	
   -­‐5.80	
   -­‐137.77	
   -­‐66.54	
   -­‐4.22	
   -­‐1.99	
   -­‐25.58	
   -­‐333.20	
   -­‐53.66	
  

Sensor	
   B3057	
   B3075	
   B3069	
   B3810	
   B3074	
   B3063	
   B3056	
   B3058	
   B3055	
  

Max	
  Strain	
  
(με)	
   38.59	
   0.62	
   0.57	
   8.58	
   0.00	
   375.49	
   176.99	
   0.42	
   14.10	
  

Min	
  Strain	
  
(με)	
   -­‐43.01	
   -­‐25.86	
   -­‐317.32	
   -­‐7.87	
   -­‐162.46	
   -­‐1.88	
   -­‐6.88	
   -­‐12.94	
   -­‐156.08	
  

 

INDIAN PURCHASE (NO. 3666) 
Data for the rolling single truck load case for Indian Purchase is shown in Figure 19 and Table 8.  
The peak strain values for the rolling two truck case is given in Table 9 and the peak values for 
Brownville’s static four truck loading is given in Table 10.  A plot of critical strain gage data 
during the four truck loading is also shown Figure 20.   
Table 8 – Peak strain values during 1 truck loading of Indian Purchase bridge (No. 3666) 

Sensor	
   B3068	
   B3811	
   B3067	
   B3062	
   B3056	
   B3055	
   B3058	
   B3072	
  

Max	
  Strain	
  
(με)	
  

63.79	
   1.91	
   1.94	
   3.92	
   40.68	
   1.85	
   5.15	
   97.43	
  

Min	
  Strain	
  
(με)	
  

-­‐4.11	
   -­‐6.56	
   -­‐64.82	
   -­‐100.15	
   -­‐2.66	
   -­‐0.72	
   -­‐36.43	
   -­‐2.15	
  

Sensor	
   B3060	
   B3057	
   B3075	
   B3076	
   B3066	
   B3810	
   B3064	
   B3074	
  

Max	
  Strain	
  
(με)	
  

78.56	
   42.70	
   7.51	
   0.22	
   54.07	
   35.17	
   0.78	
   0.67	
  

Min	
  Strain	
  
(με)	
  

-­‐9.77	
   -­‐2.89	
   -­‐10.74	
   -­‐3.81	
   -­‐11.80	
   -­‐3.72	
   -­‐2.96	
   -­‐29.13	
  

Sensor	
   B3073	
   B3059	
   B3061	
   B3065	
   B3071	
   B3069	
   B3070	
   B3063	
  

Max	
  Strain	
  
(με)	
  

1.44	
   64.59	
   0.80	
   4.78	
   108.78	
   3.02	
   13.50	
   15.11	
  

Min	
  Strain	
  
(με)	
  

-­‐93.05	
   -­‐3.15	
   -­‐7.25	
   -­‐61.76	
   -­‐3.17	
   -­‐2.53	
   -­‐6.18	
   -­‐35.28	
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Table 9 – Peak strain values during 2 truck loading of Indian Purchase bridge (No. 3666) 

Sensor	
   B3068	
   B3811	
   B3067	
   B3062	
   B3056	
   B3055	
   B3058	
   B3072	
  

Max	
  Strain	
  
(με)	
   94.08	
   3.38	
   2.30	
   7.26	
   103.80	
   6.99	
   10.87	
   147.69	
  

Min	
  Strain	
  
(με)	
   -­‐8.28	
   -­‐10.82	
   -­‐92.09	
   -­‐147.56	
   -­‐6.93	
   -­‐6.59	
   -­‐89.01	
   -­‐5.19	
  

Sensor	
   B3060	
   B3057	
   B3075	
   B3076	
   B3066	
   B3810	
   B3064	
   B3074	
  

Max	
  Strain	
  
(με)	
   121.91	
   52.55	
   11.73	
   -­‐0.06	
   71.62	
   91.07	
   7.07	
   0.43	
  

Min	
  Strain	
  
(με)	
   -­‐14.73	
   -­‐6.11	
   -­‐24.91	
   -­‐5.80	
   -­‐17.15	
   -­‐8.68	
   -­‐9.23	
   -­‐72.91	
  

Sensor	
   B3073	
   B3059	
   B3061	
   B3065	
   B3071	
   B3069	
   B3070	
   B3063	
  

Max	
  Strain	
  
(με)	
   1.94	
   89.27	
   0.81	
   9.37	
   163.14	
   6.81	
   31.84	
   20.08	
  

Min	
  Strain	
  
(με)	
   -­‐138.78	
   -­‐6.68	
   -­‐9.82	
   -­‐86.45	
   -­‐7.35	
   -­‐4.18	
   -­‐8.95	
   -­‐36.58	
  

 
Table 10 – Peak strain values during 4 truck loading of Indian Purchase bridge (No. 3666) 

Sensor	
   B3068	
   B3811	
   B3067	
   B3062	
   B3056	
   B3055	
   B3058	
   B3072	
  

Max	
  Strain	
  
(με)	
  

168.24	
   0.57	
   7.14	
   17.53	
   195.84	
   8.01	
   4.24	
   300.32	
  

Min	
  Strain	
  
(με)	
  

-­‐3.33	
   -­‐15.14	
   -­‐164.21	
   -­‐190.15	
   -­‐6.90	
   -­‐8.09	
   -­‐171.33	
   -­‐5.65	
  

Sensor	
   B3060	
   B3057	
   B3075	
   B3076	
   B3066	
   B3810	
   B3064	
   B3074	
  

Max	
  Strain	
  
(με)	
  

144.23	
   66.58	
   27.71	
   0.79	
   94.82	
   176.02	
   5.99	
   6.33	
  

Min	
  Strain	
  
(με)	
  

-­‐11.62	
   -­‐5.23	
   -­‐48.97	
   -­‐13.68	
   -­‐20.87	
   -­‐2.64	
   -­‐10.72	
   -­‐126.12	
  

Sensor	
   B3073	
   B3059	
   B3061	
   B3065	
   B3071	
   B3069	
   B3070	
   B3063	
  

Max	
  Strain	
  
(με)	
  

1.18	
   166.06	
   3.89	
   1.70	
   330.49	
   9.49	
   62.88	
   33.45	
  

Min	
  Strain	
  
(με)	
  

-­‐270.39	
   -­‐5.65	
   -­‐12.24	
   -­‐162.22	
   -­‐2.88	
   -­‐21.26	
   -­‐4.77	
   -­‐33.46	
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Figure 19 – Chart of strain during 2 truck load case for Indian Purchase (No. 3666) 

 
Figure 20 – Plot of strain versus time for Indian Purchase (No. 3666) 
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ANALYSIS OF STRAIN DATA AND CALCULATION OF THE RATING FACTOR MODIFIER 

Calculations in Appendix B detail the analysis of the truss bridge floorbeams in Chester, 
Brownville and Indian Purchase under both the test loading and HL-93 tandem and lane loading, 
which would control the flexural rating of the floorbeams. Important assumptions of the analyses 
are detailed below: 
 

1) The lever rule was used to distribute all loads. The deck was assumed simply supported 
and spanning one way between stringers, and the simply supported stringers carried live 
load to the floorbeams. 

2) Floorbeam spans were calculated based on available drawings provided by the 
MaineDOT. 

3) Nominal properties were assumed for all the floorbeams, and no section loss was 
accounted for. 

 

The field-measured strains indicate full composite action for the Brownville truss during the test, 
and no significant composite action at either Indian Purchase or Chester. These responses are 
consistent with details in the design drawings and visual inspection of the structures, which show 
significant floorbeam top flange slab embedment at Brownville and very little or no floorbeam 
top flange embedment in the slab for Chester or Indian Purchase. The measured strains indicate 
no significant rotational fixity at the floorbeam end connections for all three structures. Response 
for all structures remained linearly elastic, and measured strains produced by the two truck and 
four truck loading were approximately proportional to the increase in applied moment. The peak 
moments produced at Chester due to the four-truck loading were approximately 90% of the 
calculated moment due to an HL-93 loading with impact; at Brownville and Indian Purchase 
81% and 102% of the calculated moment due to HL-93 loading with impact was applied, 
respectively. 

 
Based on the calculations in Appendix B, floorbeam rating factors calculated per a conventional 
AASHTO lever rule analysis can be increased by the following: K = 1.30 for Chester; K = 1.30 
for Brownville; K = 1.46 for Indian Purchase. The calculations show that composite action 
cannot be relied upon at Brownville at higher loads, and this is reflected in the value of 1.30. 
These calculated values are likely influenced by less conservative live load distribution than 
predicted using the lever rule. The factor of safety against yielding was calculated for Chester 
under full service DL + HL-93 with impact to be approximately 1.56. This calculation was 
performed for Chester since it has the lightest floorbeams of all three structures, and the 
measured floorbeam strains were significantly larger than those measured at the other two 
bridges. While this value of 1.56 does not account for any section loss, it does indicate that these 
floorbeams may have substantial residual capacity beyond that required to carry current design 
loads. 
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CONCLUSIONS 

The strain measurements were consistent, and the results appear reliable. Measured floorbeam 
strains were less than expected based on a lever rule analysis for live load distribution. If the 
MaineDOT agrees with our assessment, a conventional, lever rule load rating of the floorbeams 
for these three structures that accounts for the condition of the floorbeams including section 
losses must be completed. The rating factors determined from these analyses can then be 
increased by the values of K reported above. Any existing cracking near copes or connections 
and remaining fatigue life have not been considered as part of this analysis, and should also be 
considered given the age of these structures. 
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APPENDIX A: TRUCK MEASUREMENTS – BROWNVILLE, CHESTER, T3 INDIAN PURCHASE 

Insert 3 PDFs (12 pages total) 

“Brownville_Truck_Wts.pdf” 
“Chester_Truck_Wts.pdf” 

“T3_Indian_Purchase_Truck_Wts.pdf” 
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APPENDIX B: TEST CALCULATIONS 

“Brownville_calcs_05_14_2014.pdf” 

“Chester_FB_Analysis.pdf” 
“T3_Indian_Purchase_FB_analysis_04_24_2014.pdf” 

  













































































UMaine Composites Center Report 15-6-979 

 
UMaine Composites Center CONFIDENTIAL Telephone:  207-581-2123 
35 Flagstaff Rd                                                                            FAX:  207-581-2074 
University of Maine 23 composites@umit.maine.edu 

 
Orono, ME 04469  www.composites.umaine.edu 

 

 

APPENDIX C: PRELIMINARY CALCULATIONS 

“preliminary_FB_analysis.pdf” 
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