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A. GENERAL 

A. I Assumptions. These specifications shall be used for detennining the live load 
capabilities of existing transit bridges. They provide a basis for computing the 
maximum loads that may be allowed on a bridge when materials are of good quality, 
members are acting normally, and deductions in size or area have been made for 
deteriorated portions. They are based generally on the Second Edition including 
Interims tbru year 200 I for the Manual for Condition Evaluation of Bridges, AASHTO 
1994, and the 16th Edition and Interims thru 2002 of the Standard Specifications for 
Highway Bridges as published by the American Association of State Highway and 
Transportation Officials (AASHTO) and the 2002 edition of the American Railway 
Engineering and Maintenance-of-Way Association (AREMA) Manual for Railway 
Engineering. The rating of existing bridges in terms of carrying capacity shall be 
determined by the computation of stress based on authentic records of the design, 
details, materials, workmanship, and physical condition, including data obtained by 
inspections and/or tests. At the actual time of rating the latest above editions, interims, 
etc. shall be used. 

A.2 Use and Modification of Standard Design Specifications. For all matters not 
definitely covered by these specifications, the current standard AASHTO or AREMA 
specifications used for the design of new bridges shall be used as a guide. However, 
there may be instances in which an Engineer, based on knowledge of the condition and 
performance characteristics of a bridge under traffic, may make a judgn1ent that the 
action of a member within the structure is not consistent with the design concept of the 
controlling specifications. In this situation, the Engineer may modify the design criteria 
within safe limitations and, following sound principles of engineering mechanics, base 
the capacity analysis for the member on its know action under load. Deviations from 
controlling specifications shall be fully documented. 

A.3 Rating Levels: Transit Bridges shall be load rated at two levels, Inventory and 
Operating. The Inventory rating level generally corresponds to the customary design 
level of stress, but reflects the existing bridge and material conditions with regard to 
deterioration and loss of section. Load ratings based on the Inventory level allow 
comparisons with the capacity for new structures and therefore results in a live load 
which can safely utilize an existing structure for an indefinite period of time. 

Load ratings based on the Operating rating level generally describe the maximum 
permissible live load to which the structure may be subjected, at infrequent intervals, 
with specified speed restrictions. Fatigue need not be considered when determining 
Operating Ratings. 

Calculation of stresses shall be by the working stress method using English units of 
measure. 
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A.4 Rating of Substructures 

In general, substructure elements, except steel, timber, and pile bent structures, shall 
not be rated unless, in the opinion of the engineer, this will influence the rating of the 
bridge. Careful attention should be given to all elements of the substructure for 
evidence of instability, which affects the load-carrying capacity of a bridge. Evaluation 
of the conditions of a bridge's substructure will in many cases be a matter of good 
engineering judgment. The rating report shall contain a statement noting the engineer's 
judgment with regards to the substructure. Substructure elements that are to be rated 
shall be rated using the Load Factor method. 

B. LOADINGS 

B. I Dead Loads. (D) The dead load of the structure shall be computed in accordance with 
the conditions existing at the time of anal ysis. 

(a) In estimating the weight for the purpose of computing dead load stresses, the 
following-unit weights shall be used: 

Pounds per 
cubic foot 

Steel. .......................................... ...... .... .. .. ... ..... ...... ..... ....... ... 490 
Concrete .... ................................................................ .... ....... 150 
Sand, gravel, and ballast .......................................... ............ 120 
Asphalt-mastic and bituminous macadam ........................... I SO 
Granite .................................................................... .............. 170 
Paving Bricks .............. ... ........ ...... .... ........ .............. .............. 150 
Timber. ..................................................... .. ....... 60 

(b) The track rails, third rail, inside guard rails, and their rail fastenings shall be 
assumed to weigh a minimum of 200 lb. per lineal foot for each track. 
Electrification including third rail and fasteners shall be assumed to weigh a 
minimum of 60 pounds per lineal foot of track. 

B.2 Live Loads. (L) The live or moving axle loads and their spacing to be applied to each 
track on the structure for determining the Inventory and Operating Ratings shall be as 
follows: 

B 2.1 Revenue Vehicles - Normal Consists 

Dimensions, axle loads, and normal consist range shall be as shown in Figure A. Car 
combinations shall be within the minimum and maximum range whichever produces 
the most critical conditions. 
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B2.2 Revenue Vehicles - Extraordinary Consists 

For long spans, a special case shall be evaluated which represents a disabled train being 
pushed by an operating train. For this case, the total consist shall be twice the normal 
standard consist. Impact shall be applied for a speed of 20 MPH. The adjacent tracks 
shall be loaded with normal consists without speed reduction. 

B2.3 Work Cars 

Dimensions and axle loads shall be as shown below in Table I. Work car consists shall 
be as indicated in Table 2. however, impact and centrifugal forces shall be reduced to 
account for a maximum speed of 40 MPH. All tracks shall be loaded with work cars. 
Fatigue requirements shall not be evaluated for work cars. 

The axle load for both revenue and work cars shall be applied vertically with 50 
percent of each axle load applied equally at the top of each rail. 
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MBTA BRIDGE MANAGEMENT PROGRAM 
NORMAL CONSIST 

LOAD RATING VEHICLES 
REVENUE RAIL TRANSIT AW3 CRUSH LOADED 

DIMENSIONS 
AXLE WEIGHT TOTAL 

LINE CAR A B C p= WEIGHT 

Blue #5 24.51 6.83' 10.67' 23 K 92 K 

Orange #12 39.67' 6.83' 12.0' 26 K 104 K 

(OHBL) * #4 24.5' 6 .83' 10.67' 21.SK 86 K 

Red #3 44.17' 6.83' 12.0' 30 K 120K 

Ashmont-** pee 16.75' 6.00' 18.67' 15 K 60 K 

Mattapan 

'" '" ~ ::.:: ::.::::.:: IJ"l L() ::.::::.:: 

~ ~I I~ ~ <ri ~ ~ ~ I 

_@~ ___ i0_@L __ @@l __ s?l _c?L __ 
16.75' I 6.25' 1 21.75' I 6.25' I 16.75' I 625'1 16.75' I 625' I 21.75' 

' I( ' I" ' I( ' I" ' I" ." ' I( ," 

TOTAL 
LINE CAR (AXLE LOADS SHOWN) WEIGHT 

Green #7 SRC 129 K 

* Overhauled Blue Line Car Used on Orange Line 

** Ashmont-Mattapan Structures Will Also Be Rated For #7 Cars (SRC) - 1 to 2 Cars 

Note: Future Car Loads Will Be Used When Available if Higher 

Figure A Revenue Vehicles 
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MIN-MAX 
CONSIST 

2 to 6 Cars 

2 to 6 Cars 

2 to 8 Cars 

2 to 6 Cars 

1 to 2 Cars 

I 6.25' I 16.75' 
," ' I" 

MIN-MAX 
CONSIST 

1 to 3 Cars 

3103103 
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Work Car TilDe' DesignT~taILoad(lbs) Design Axle Load (Ibs) 
#0526 Flat Car 76,400 19,100 
#01400 Motor Car 114,000 28,500 
#04441 Flat Car with Crane 100,000 25,000 
#04443700 HP Diesel Locomotive 100,000 25,000 
#04446 Flat Car 102,400 25,600 
#04447 Flat Car 102,400 25,600 
#04449 Flat Car 100,000 25,000 
Ballast Car 76,000 38,000 
Tamper Car 70,000 35,000 

Table 1 Rail Transit Work Car Loads 

(For Work Car configuration see Appendix B ) 

Consist TYoe Work Car Combinations -
700 HP Diesel Locomotive-(04443) + Two Ballast Cars + One Tamper I 

II Two Flat Cars(#04446/#04447) + Flat Car With Crane(#0444l) 
III 700 HP Diesel Locomotive (04443) + Flat Car (#0526) 
IV Flat Car(#04449) + Four Work Motor Cars (#01400 Series) 
V 700 HP Diesel Locomotive(04443) + Four Ballast Cars 
vr' 700 HP Diesel Locomotive (04443) + Two Ballast Cars followed by 

700 HP Diesel Locomotive (04443) + Two Ballast Cars followed by 
700 HP Diesel Locomotive (04443) + Two Ballast Cars .. 

'This combmatlOn shall be used for long and multiple span structures to provide maxImum loadmg condItIon. There shall 
be 1,000 ft distance between moving trains on the same track at full speed. This distance diminishes to zero for stationary 
trains. 

Table 2 Rail Transit Work Car Combinations 

NOTE: For most simple spans to 150 feet, Consist Type V governs for both shear and moment. 
For other spans including continuous spans the rating engineer shall verify the maximum cases 
for maximum moment and shear. For continuous spans, where necessary, the rating engineer 
shall minimize any consist (i.e. ---eliminate car or cars) to cause maximum stress . 

Page 8 of7l Rev. March 2004 



GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 

B.3 1m pact Load (I) 

(a) Impact load shall be determined by taking a percentage of the live load 
specified and shall be applied vertically and equally at top of each rai l. 

The percentage to be used for impact shall be computed from the fo llowing 
formulas: 

1= 
50 

(30% Max) 
L+125 

where L = length, ft. , center to center of supports for stringers, transverse 
floorbeams without stringers, longitudinal girders and trusses 
(main members), or 

L = length, ft., of the longer adjacent supported stringers, 
longitudinal beam, girder or truss for impact in floorbeams, 
floorbeam hangers, subdiagonals of trusses, transverse girders, 
supports for longitudinal and transverse girders and viaduct 
columns. For continuous spans the length of span under consideration 
for positive moment; and the average of two adjacent loaded spans for 
negative moment. 

(b) For members receiving load from more than one track, the impact 
percentages shall be applied to the live load on the number of tracks 
shown below: 

Two tracks - full impact on two tracks. 

More than two tracks - fuJI impact on any two tracks which produces the 
critical loading. 

(c) Items to Which Impact Applies 

• Superstructure, including steel or concrete supporting columns, 
steel towers, legs of rigid frames, and general I y those portions of 
the structure which extend down to the main foundation. 

• The portion of concrete or steel piles above the ground line which 
is connected to the superstructure as in rigid frames and 
continuous designs. 

• For structures having cover of less than 4 feet, full impact of the 
Vehicle loading at 1 foot cover proportioned down to zero at 4 feet 
cover. 
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(d) Items to Which Impact Does Not Apply 

• Abutments, retaining wails, wall-type piers and piles. 

• Foundations and footings. 

• Culverts and structures having a cover of 4 feet or more. 

• Concrete subway or depressed section slab resting on earth. 

BA Centrifugal Load (CF) 

(a) On curves, a centrifugal load corresponding to each axle load shall be applied 
horizontally through a point 5 ft. above the top of the low rail. This load shall 
equal the percentage of the specified axle load without impact. 

CF = O.OOI17S2D or C 
IOOV' 

-
32.2R 

Where S = speed, miles per hour 

D = degree of curve 

v = speed, feet per second 

R = radius of curve in feet 

(b) On curves, the effect of the couple on a stringer, girder, or truss toward the 
outside and inside of curve shall be determined separately. For members toward 
the outside of curve, the centrifugal load shall apply. For members toward the 
inside of the curve, any effect of the centrifugal load shall be omitted. 

(c) Substructures shall be evaluated for the effect of the horizontal load applied as 
specified in (a) above. 

(d) For rating purposes S shall be assumed at 60MPH. 
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B.5 Lateral Load from Wind (W) including Nosing 

A lateral load of 450 lbs. per lineal foot shall be applied as a moving load in a 
horizontal direction. This is to consist of, 150 lbs. per lineal foot for nosing, 
transversely applied at the base of rail and 300 Ibs. per lineal foot for wind in any 
horizontal direction applied at 6 112 feet above the top ofrail. In addition to the above, 
a lateral load of 30 Ibs. per square foot of all exposed surfaces of girders or truss 
members, and substructure for wind from any direction. For girder spans use 1.5 times 
the vertical projection of the span. 

B.6 Longitudinal Force (LF) 

(a) The longitudinal force resulting from the starting and stopping of trains shall be 
taken as 15 percent of the live load without impact. This force shall be taken on 
one track for two-track systems, and shall be applied to the rails and supporting 
structure as a uniformly distributed force at the top of rail. For three or more 
track systems, the longitudinal force shall be applicable to any two tracks 
simultaneously. 

(b) W'here the rails are not continuous (broken by a movable span, sliding rail 
expansion joints, or other devices) across the entire bridge from embankment to 
embankment, the effective longitudinal load shall be taken as the entire load 
specified in (a). 

B.7 Thermal Forces (T) 

Stresses set up by thermal forces shall not be considered except for structures such as 
long span bridges and concrete arches unless the Engineer as a result of hislher 
investigation, determines that they are especially important. Refer to AREMA for loads 
and forces. 

B.8 Friction Fo,"ce (F) 

For sliding shoes supporting bridge members, friction applicable to the material shall 
be used, but in no case less than 10 percent of the vertical load. 

C. LOAD COMBINATIONS FOR RATINGS 

C. 1 Inventory Rating 

DL + LL + I + CF @ 100% of inventory stress 
DL + LL + I + CF + W + LF + F @ 125% of inventory stress 
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C.2 Operating Rating 

DL + LL + I + CF @ 100% of operating stress 
DL + LL + I + CF + W + LF + F @ 125% of operating stress 

C.3 Wind, LF, and F will normally be considered when rating column bents, towers, and 
piers unless the Engineer, as a result of hislher investigation detennines they are 
important in other members. 

C.4 Where two or more methods of analysis are valid, that which gives the higher rating 
shall govern. Alternate methods of analysis are not necessary if the method used 
indicates that the bridge can carry the specified inventory loads. 

When the controlling inventory rating is less than the weight of the rating revenue 
vehicle, additional calculation shall be made to determine at what speed the rating 
vehicle may operate over the bridge. 

Similarly when the operating rating is less than the weight of the rating work car, 
additional calculations shall be made to determine at what speed work cars may operate 
over the bridge. If additional capacity is required for work cars, reducing the number of 
cars in the consist, reducing speed, and limiting loads to one track shall also be 
evaluated. 

D. RATING VEmCLE SPEED 

D. I The rating speed used for the inventory and operating rating of the Revenue Vehicles, 
Normal Consists shall be 60 mph except as limited by the superelevation, or grades of 
the track at the location of the structure, but only after permission has been given to use 
a lower rating speed-. If a lower rating speed is used, it shall be stated in the rating 
assumptions and the rating load snmmary sheet shall have this value noted. 

D.2 Reduction may be made in the impact percentage for speeds below 60 mph by the 
following factor: 

[ l - ~(60 - Sy] 2: 0.2 where S = speed in mph. 
2500 

Corresponding speeds shall be used to calculate a revised centrifugal load. 

E. DISTRIBUTION OF LIVE LOADS 

E. I General 
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The following conditions shall be aCCQwlted for in the analysis of the structure: 

(a) The increased load carried by any truss, girder, stringer, or floor member due to 
load eccentricity (this will occur where bridges are on tangent and the tracks are 
off center and where bridges are on curves). 

(b) For members receiving load from more than one track, the design live 
load on the tracks shall be follows: 

For two tracks, full live load on two tracks. 

For three tracks, full live load on two tracks and one-half on the other track. 

For four tracks, full live load on two tracks, one-half track, and one-quarter on 
the remaining track. 

For more than four tracks, as specified by the Engineer. 

The selection of the tracks for these loads shall be such as will produce the 
greatest live load stress in the member being rated . 

E.2 Ballasted Deck Structures 

(a) The designated lateral and longitudinal distribution of live load is based on the 
following assumptions: 

L Standard cross ties shall be used which are not less than 8 ft long 
approximately 8 in. wide and spaced at not over 24 in. on centers. 
If another type of tie or greater spacing is used, the rating shall be 
modified for the greater load concentrations. 

2. Not less than 6 in. of ballast shall be provided under the ties. 

3. The designated widths for lateral distribution of load shall not 
exceed 14 ft., the distance between track centers of multiple track 
structures, nor the width of the deck between ballast retainers. 

4. The effects of track eccentricity and of centrifugal load shall be 
included. 

(b) Ballasted Concrete Structures 

1. The axle loads on structures may be assumed as uniformly distributed 
longitudinally over a length of 3 ft., plus the depth of ballast Wlder the 
tie, plus twice the effective depth of slab, limited, however, by the axle 
spacing or 7 feet. 
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2. Live load from a single track acting on the top surface of a structure 
with ballasted deck or under fills shall be assumed to have uniform 
lateral distribution over a width equal to the length of track tie plus the 
depth of ballast and fill below the bottom of tie, unless limited by the 
extent of the structure. 

3. The lateral distribution of live load from multiple tracks shall be as 
specified for single tracks and further limited so as not to exceed the 
distance between centers of adjacent tracks. 

4. The lateral distribution of the live load for structures under deep fills 
carrying mUltiple tracks shall be assumed as uniform between centers of 
outside tracks, and the loads beyond these points shall be distributed as 
specified for single track. Widely, separated tracks shall not be included 
in the multiple track group. 

(c) Ballasted Steel Structures 

I. Deck 

a. Each axle load shall be uniformly distributed longitudinally 
over a length of 3 ft. plus the minimum distance from 
bottom of tie to top of beams or girders, but not to exceed 7 
ft. nor the minimum axle spacing of the load system used. 

b. In the lateral direction the axle load shall be uniformly 
distributed over a \vidth equal to the length oftie plus the 
minimum distance from bottom of tie to top of beams or girders . 

c. The thickness of the deck shall not be less than 1/2 in. for 
steel plate, 3 in. for timber, or 6 in. for reinforced or 
prestressed concrete. 

2 . Transverse Steel Beams 

a. For ballasted decks supported by transverse steel beams without 
stringers, the portion of the maximum axle load on each beam 
shall be as follows: 

p = 1.15AD 
S 

Where P = load on a beam from one track 

A = axle load 
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b. 

c. 

d. 

e. 

S = minimum axle spacing, ft. 

d = beam spacing, ft. 

a = beam span, ft 

n = the ratio of the modulus of elasticity of 
steel to that of concrete 

I = moment of inertia of beam (in) 4 

h = thickness of concrete deck slab, in. 

D = effective beam spacing, ft. 

but not greater than d or S. 

For end shear: D = d 

The load P shall be applied as (\'10 equal concentrated loads on 
each beanl at each rail, equal to P/2. No lateral distribution of 
such loads shall be assumed 

D = d for bridges without a concrete deck; or for bridges where 
the concrete slab extends over less than the center 75% of the 
floorbeam. 

Where d exceeds S, P shall be the maximum reaction of the axle 
loads, assuming that the deck betWeen the beams acts as a 
simple span. 

For bridges with concrete decks, the slab shall be rated to carry 
its portion of the load. 

3. Longitudinal Steel Beams or Girders 

a. Where beams, or girders are spaced symmetrically about the 
centerline of tangent track, the axle loads shall be distributed 
equally to all beams or girders whose centroids are within a 
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b. 

lateral width equal to the length of tie plus twice the minimum 
distance from bottom of tie to top of beams or girders, but no 
greater than the track centers or 7 feet each side of the center line 
of track. Distribution of loads for other conditions shall be 
determined by recognized methods of analysis. 

For the rating of beams or girders, the live load shall be 
considered as a series of concentrated loads. No longitudinal 
distribution of such loads shall be assumed. 

E.3 Open Deck Structures 

(a) Timber bridge ties shall be rated (assuming ties spaced not further than 6 in. 
apart) based on the assumption that the maximum wheel load on each rail is 
distributed equally to all ties or fractions thereof within a length of 4 ft. but not 
to exceed 3 ties and is applied without impact for the tie rating only. 

(b) For the rating of beams or girders, the live load shall be considered as a series 
of concentrated loads. No longitudinal distJibution of such loads shall be 
assumed. 

(c) Wuere two or more longitudinal beams per rail are properly diaphragmed and 
symmetrically spaced under the rail, they may be considered as equaUy loaded. 

SPAN LENGTHS 

F.l Concrete Structures 

( a) Span length of members not built integrally with supports shall be considered 
the clear span plus depth of member, but need not exceed distance between 
centers of supports. 

(b) In analysis of continuous and rigid frame members, center-to-center distance 
shall be used in the determination of moments. Moments at faces of support 
may be used for member rating. When fillets making an angle of 45 degrees or 
more with the axis of a continuous or restrained member are built monolithic 
with the member and support, face of support shall be considered at a section 
where the combined depth of the member and fillet is at least one and one-half 
times the thickness of the member. No portion of a fillet shall be considered as 
adding to the effective depth. 

(c) Effective span length of slabs shall be as follows : 

l. Slabs monolithic with beams or walls (without haunches), S = clear 
span. 
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2. Slabs supported on steel stingers, S = distance between edges of flanges 
plus 1/2 the stringer flange width. 

F.2 Steel Structures 

(a) The length of span or member shall be assumed as follows: 

For trusses and girders, the distance between centers of bearings. 

For truss members, the distance between centers of joints. 

For floorbeams, the distance between centers of trusses or girders. 

For stringers, the distance between centers offloorbeam. 

F or timber bridge ties, the clear distance between supports plus 6 in. 

(b) The depth shall be assumed as follows: 

For trusses, the distance between gravity axes of chords. 
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G. STRESSES 

H. 

G. 1 Computation of stresses 

(a) Stresses shall be computed for the details as well as the main members, 
gi ving particular attention to: 

1. Lacing and forked ends of compression members, eccentricity of 
riveted joints and connections, unequal stress in tension members, 
and secondary stresses. 

2. Pin plates of tension members. The following rules are given as a 
guide for those cases where the body of the member is carrying the 
limiting stress: 

a. The net section through the pin hole transverse to th.e axis of the 
member should be 40% greater than the net section of the 
member. 

b. The net section beyond the pin hole on any line parallel to the 
axis of the member should be not less than three-fourths of 
the net section of the member. 

ALLOW ABLE STRESS METHOD 

H.I General 

The live loads combination on any structure, when combined with all other loads, shall 
not produce stresses exceeding those allowable stresses set forth hereinafter. These 
stresses shall only be used when, in the judgment of the Engineer, the materials under. 
consideration are sound and reasonably equivalent in strength to new materials of the 
grade and qualities that would be used in first class construction. 

When the grading or manufactme is sub-standard, the allowable stresses shall be fixed 
by the Engineer, based on his field investigation, and shall be substituted for tbe basic 
stresses given herein. These basic Stresses shall in no case be greater than the 
maximum given hereinafter. 

The effective area of members to be used in the calculations shall be gross area less 
that portion which has deteriorated due to decay or corrosion. This net area shall be 
determined in the field. Deductions: for bolt, rivet, and other holes, in accordance with 
Article 10. 18 of the AASHTO Design Specifications for determining net areas in 
tension members will be in addition to the loss of area from other causes . 

. 2 Structural Steel. The allowable unit stresses used for determining inventory and 
operating load capacity depend on the type of steel used in the structUTal member. 
When non-specification metals are encountered, coupon testing may be used to 
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determine yield point. When information on specifications of the steel is not available, 
allowable stresses will be taken from the applicable "Date Built" column of the 
following tables. 

Except where evidence of deterioration or corrosion of the web of a plate girder makes 
its shear capacity questionable, the spacing of transverse intermediate stiffeners need 
not be considered in determining its operating rating provided the spacing does not 
exceed the depth of the web. If, in the judgment of the Engineer, investigation of 
stiffener spacing is desirable, such an investigation may be based on the load factor 
design considerations of the AASHTO Specifications. 

Unless designated otherwise, values shown in the following Tables 6.6.2.1-1 and 
6.6.2.1-2 are allowable inventory and operating stresses respectively for structural 
steel. Tables 6.6.2.1 -3 and 6.6.2.1-4 give the allowable inventory and operating 
stresses for bolts and rivets. 

The allowable combined stresses for steel compression members may be calculated by 
the provisions of AASHTO . 

._-- ----- -------------- --_ .. 
Page 19 of 71 Rev. March 2004 



"0 

~ 
tv 
o 
S, 
-.j 

~ 

I 
tv 

~ 

TAUl.E M.;U·1 INVEN'J'OltY RATiNG ALLOWAllLE STRESSES ("Si) 

AASlfiO Dl»ignati tm ;1' 

ASH.,' f>eJlgl'Ulli" ll <lj 

Minimum Ttn~ae $IICHI,l;lh 

Minim"m Yiohl P(tir,\ 

.\llial Io:nsioo in men'tbcn' wilb no hotes (or hiJl.h 
lIm-nttl. bo~ or ri,,~u. 1).~c 1K'I .sectiM wh<!f! 
memoor fHL~ lin), "'~u hoJ('s I:ug.c:r IltllJl 1- 1/-1 -
;ji~lIt. $U(:h II! 1~I( .. mlitlr>s 

A);i:il lc:tlsion if! fI !embers with hi.>!e" rcrhigh Jlrertll1h 
bOltt ('If ri ... e,lft llt!d' tefJJ;i~(I ill ex!,!.1\\O! fihe.r of rolkd 
lIli!lpcs, "lrtk:s·~, and olliIH ' !' J;l!dwn~ subj~1 

1.Ob(:1".Ung 
• W~en the 1l/"t'8 of holes. ikduc\Cd for hiJ;;h 

~renl!lh bolt!: ur rivC(l is mOfe than IS 
p!:~nI uf the sr.:.'SII IU'~. lrut ll."'eA in 
e.(~~" of 15 fl!::n:enl .t:hall ~_Ikducltd fwm 
the j1fm.!. an:a in ;.kte;mininE "tro"", CII Ute 
gtu» ·~iun. In tJclcrminln); Vd!t, I".I:d.~Ofl. 
ani opel) heolc;'\ IOf811r IhlHl I·! /4'; dhlfll. 
lI,tIt'h 11.\1 petfroratiuoo 'hall I>\! dedlltw.1. 

A~i al t(m~i"" In m.~jflhC1$ wilil<)'Jr I:wles.. A)l:ird 
~U1nptt!io:;il)ll . 1'.I'~S ~"i\\,. : $tiirt;.n~n_ (jf plall! 

wukn, CMflrrcuil,lll ill ·splke 1I~"Ucrial, gr0s.5 
S(l.'1J;::o:n 

CUJIlp!'t$,ioo in e.'tUtnW (illffi> t>l n.lI.si.sropes. 

g~ ~ buill-III' ~"'!I'!.$. Mib~ I" bo:ndin!. 
gMS" sc(:linrt. when wUlVJ'(u i<m JlMge h . 
{A) SUjliJ!..!fu-'tl l:uorall), ;\$ luJllenr,lh by 

~lbetImc"1 ill 1..'(i{ll:fe IC 

Wi Pl'iIliriJlj sUp))(l(tell or Un$l.lJ'l>qft.-:.t'!' 

p "" 91 X. iO'-~(!.!) -r;,;;;-L-;-9_81~~)-" :os; tl.lSF 
•. iF.S., S.. I "y, 1", V • 

1: " ~= V Q 

:.a E • • 
~ 
0 

f . 

F , 

ItS5f. 
fIAIi F; 

Gro"," 
$C<litno 
O. ~.~f> 

Net 

Srcl iOI1 

O.Soc:. 
N" 

St'di,.ln 

OMlF. 

Q:J51\ 

O.5SF, 

DATI! BUILT· STEEL "",KNOWN 

Prit'lt Iu 1 91)~ 1905 10 liJ){. 11)3(0 (v I ~i;' Mltr 1%3 
CsriluIl 
Strcl 

M 94( 191i1·) 

A 7( 196'1) 

51,{.UJ W.OiJ(J 00.000 

2('j.ooo MUJ(j(1 33.000 16.000 3,\1100 

1<1.000 16.000 18,000 ","00 IIi.OI)U 
NOr 1\1'I'UCt\ln..B 

14,tW){I 16.000 111.0011 20.000 11t1)l'!O 

26,000 :-\(\.(.JO() )(1,000 30.000 W.OO';1 

Nor AfPlICAHl.H 

)·lJjl)(I Ifl.WO 18.1(01) 2QJ.m IS.OOO 

,:t,tJOO 16,000 Ils.ooo 20,!'M
' 

I~ ,OW 

~"ici:n 
St«1 

O\"U Z" 
Ib i1~ illd 

M 95( 1%1) 

A ;.1i(l%(,) 

1\1.0(1) 

45JlOO 

24,OOU 

l'I J)OC) 

31.000 

.24.001.1 

14.I)W 

Nk ... .:t 
St.""; 

M 9fll..!96t > 

It. S{IWlI1 

90,000 

5~'.IJOO 

)0,000 

30JI(lO 

4~.OOO 

30.000 

30.000 

~ 

1-11lf' anti O~ J·lf~ 

Unlit. Ii) 2" ilKl 

A 9:1 A94 

;~.O!y.J 11.Q(X} 

SO,(.)!} 47,001'1 

11.000 2S.000 

27JJOO 25.0(10 

37 • .,t'lJ UI.f)O!J 

1'1,(100 Z!i,(J()lJ 

21.tKlU 25,0(X) 

G- 1 . 1~ 04 I .OS (M, " M,J + 11.3 1M, /. Md s 2J wtwre M, iJ. I !~ "mal/ol' hmJ M; I ~ IIIf: b rl!er end nwllie<ll iu the tlnbH'~ j(~llCDl of :he 1>l$J1I~: ,M, I M, I .. {.>Q!;il!vt: wile" Ilk' 1l1(l1INtlls ew-'!C fe"'e~'Cl!r"';il.ll:fe 

:lJttJ Il<'£,Utivc wt\en 0011 m Mnslt' \:UI , ... alO.~ 

C. "". 1.0 rur unbj' .... yW 1:r.IJli~'1i QUa ror ri~ntberJ. 'I\>he(~ IM ' II:l t!f!lmll wllhin ~ l>il:oir~MII jW /(I!I Df tit .. umm·~nJ. 1M.lW'JC111 i& g rpt<;r fhan (if' tol" '" Itt th" W B,o:-f ur Ik ~n: .,uo..l ihlJlilk:111$ 

f,:S. on FWI)( .:.f Sa1"( ly III 1",1:'llt('.ry w "Cl - I .lU . 
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TABLE 6.62.1-1 

Cc.lrnprei~ion in t.'1,lflt1.\utrit.'!lly !()uJW O(.IIVffins'!' 

with (',. "'" ! ;:-u 

r (KLy] F - fl. KL 
F,~........L r ' \\Iher.-$C~ 

F.B. 1---- , 
l • .,rE 

r. " ('E) _ "(ly'O whon KL ~ C, wi'h F.S. - 1. 12 
ES. '~ l !:i!;: : 

' , 
Slt.:.::ir in gif1kr wclli". g1\)$$ $eClitm 

6 (:<\li ll1: Oll mill~(j :o«url':nc:n and uther-~kCl 

pam in ,~!WI . Strcs.~ in ext«;tllC fiber of piru 

S ettling. l >:1 pi ft1 um &ubjert to rotatiim 

f.Jt:arl ng (», f1ins-:rubJec~ l{t rOlll l!Un l>.lH.ii :l..~ roclwu 
and hlng~) 

Sbear in pi{)'ii 

Bcari llg 011 f~w('r~l)rivcI\ Ri"J;':.t~ -aJld hi:;:h ~1fenwh 
bolb (ill ~ limited oy bllo\vlirttk bc."rir.g un Un: 
r~~efi{;rs) 

INVENTORY RATING ALLOWABLE S'fJillSSES (psi) (Continued) 

O~'.,.'t" 1AfT' Tu ~I n~ 111":1 {A !l14} 
j.!lT' lila, !n' ,fW)( 10,1" ifld lN ri anti \Hidrr A!.t Ihid {A 511/ 

111.1S 93-.\, 79.1) W}.tl 75.7 

21.1:10- :30,600- 42"t5O- n .580- 47;170-

O.'3(',L)' 1.14(';l)' 3.)4(~Lr 1.0'';')' W(K,L)' 

15,000 'l2J1XI lQ.OOO t7.llOO 30.lXK) 

(i,8{JP, )7.\00 '2.();.1() n .oou 4(},000 Im,tJiX) 

31 JX!(l '2.000 n .I)OV 40,txiO SO.OOO 

tB.OOO 2(,,000 .16,000 '20.OCII.} 4O.!lOO 

OAOf, 111.000 26,0110 36,1)J(i 2/).000 40.O(X} 

!.J..W. R!;(OJ IOS'(JO'J 142.000 ~N .500 155,000 

0'(. 4" II> 5" ~I fA 538) 
Ov, )J4~ I{I I- ItT intI 

.'J .6 

21.700·, 

O,S7(~IJ 

13.000 

) 7,000 

37,000 

16.0011 

IH.OOO 

. --~-.----

90,500 

C) 

§ 
~ 
Z 
t"l 
(JJ 

6 
::tl 
t"" o 
~ 

~ z 
C) 

~ ..., 
> 

~ 
(JJ 

:::J 
ce 

S 
C) 
t"l 
(JJ 



'"C 

'* IV 
IV 
o ...., 
-.l 

~ 
[ 
IV 
<:> 
<:> 
A 

'fABLE 6.6.2.1-1 INVENTORY HATING ALLOWABLE STRESSES (psi) (continued) 

AA.SH'I'O Oesl~n:llion It. 

AS'rM Oe:slgn<lt.i\1fl jl, 

Minimum l bosUe Sfre.ngrh 

Minimum Yield 11Qj'lT 

A~i:l.l i.(:II$Km in membt~ with no hok-l: (or high 
!>lft'''ith oohs or riV('.(3.. U~ nCI $C(;liclfl when 
IItClnW ha.~;my () I ~II fulks J1JQ1cr ihtU! .1 . 1/.1" 
\lIIt'll, $licb ;IS: ,.er(o'r.uiOJI~ 

", .. ial len5:011 i,l ltIembt-n with b" les lOr hi¥;h 
J:lrength bolt!> o r rivell :and lens.iOJI in eIl lreme 

fiber of w llC"d SMptll. ginkGo "nd bu.ill. up 
JC:ctfons sUbject It._ l:ierulin& 

• When fit(! ilft:t of ',I)les. dedrn::tt'd fOT hi'gil 
$.Itetlgtll bolls: Of' nve l)'; is IIKln: dIan )5 

pertent of Ihe gross ~a. UI3t arell. in 
e~53 (If 15 percenl 5h&1I be deducted fmlll 
tlK: gffi51 fUl:'lt ill dctclrmininll .st1'I$~ on lhe. 

iWit~ soxliOI1. In dr:termining g,i\Ut, ~o..n. 

nny open hole.'I IWget 1h,", 1-11 .... di;lm. 
"ueh "" perfo.,l\tiom sh311 be deducled, 

.\.\i31 bm(ion In rnc:mbcrs wittruul holes.. AJri~1 
to~ion, gl'Q.'l!( section: $tin~l!\ ur pL1ifc: 
ginleT.:c. Compression III splice rruueri:tl.ltHy.t~ 
5(Ctinn 

Comr re£sion in c,flfemc fit)UfS of 10111:4 W~Jlt!i. 
girder.; ami &uilHlp ~cc liQla, subjecllo baJding. 
grms Rulon. "",hen CQUi(l."CS!km nllugc IS, 
(A) ScipJXlfted ~j~II.1 lls fuJllcnglh byembe(\IIKml 
'n (:oncreJ'c 

OJ) I'artlelly ~·UI'fl'Ol:Icd or WlSUj1(l\1rteJ,1I 

F .. = 91 'X HI"C'r (!..) ro.~;;-i-+ 9.87 (~)} oS O.5SF, 
(mqs.... f V I~ I 

~ 
~ 

jf 
• ~ • ~ 
~ 

F. 

F > 

U5.5"1\ 
O.46P, 

Oro)5-' 
&cthm 
O.SSF, 

Net 
50(110" 
050F" 

Net 
SeCli t)ll 

OMIt-. 

O.lSF, 

O.5SF, 

O" l:r 5" ,1'1 8- !m:l" 
O\'1::r 4- 10 

t.\ :"811'1 (!Y. j·lfl''' 
j.lfl~ II~X I~ m!i.( tQ4~ iud 

({"'jud 

M ItiS 

A 241. A Mil. 
A~72 AS'i2 A <141, A ssa, A 441 

f\S7l 

70,000 15,(.\{):) 63,000 60.00() 

55,000 60,000 <tUXX) ;tlJ.ooo 

30,000 :U .UI)O 2),000 22.000 
I'\'OT I\I'PLlC;\O LE 

30,000 :13.000 2l,QOO l2.lXHJ 

35.001J ',\1,500 31.50:1 30.000 

NOT ArpUCAIlLE 

JO.Ot.'IU 3J.OOV z~.wo 21,1.xIO 

:;0.000 3~,\lOO Z3.{l(Xi 

C'l 
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~ 
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'" ..... .., 
t!:l 

~ 
C'l 
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TABLE 6.6.2.1-1 

CQ(,llpn:-U1Qfl in cmi':tutricuify loodt'd co)!)mnJ('l, 

. /Z")'E 
wIll! C:'~ "": l -w.-

F._..:...l.: r' wh<!n-"""C:. 
F [ (KL)' ,,] KL 

ITS: I _~ r 

p;z 'n:E "" I)S ,lXJ8.740 
wh,n KL 2:: Co- ""lib F.$, ... 2.12 

. R$.(",L)' {KI.U -;-} 

ShMi in ninc!cr wcb5. h'HlSS ;wctifJn 

U:::adl1ll 00 millet! ~Iim:nd's and 1)II\;;r ~It:el 

plHb in ,cornoot S(lltSli in ctllefne fiber of Vim 

.Bcllrin~ I)t\ pirt!/. nUl ~ubjC'C( to \·~;ttiQft 

Bearing, .m phl~l>"HbJ~1 to r(ltllliQJl (:.>\HtJ ~3 ~kcrt 
:md hinSC$) 

Shm\r ill pill:! 

Bcaring on .~wa'Oriven Rhct:i ,and high SIf\'.tiit!!) 

k,!u. (or 3~ liu.lill.ld by rutow."[~ bc<Iring (1II dm 
r~(~1 

INVE,'lTORY RATING ALLOWABLE STRESSES (psi) (~otltitlned) 

Oli!;,'l' '!,Ifl" 1,,) 1-IIT iw:1 {,,- S14} 
t-[I1~ maJf. 1I:t mat. w4" !lId JJ41 Md url~r All !hid; (A 517) 

! 12.S 1}3-.8 19.8 Hl7.0 n,1 

21 ,230- 30.660- 4lASO ~ 2J.SSU- ~1;I70~ 

O.S:3(K(LY L14(~L)' J.J4(K(l)l I.ut~rt.r 4.12(~lr 

15J(X} 2lJ1UO :\\1.000 J7.1I00 30,000 

Q,80F, 37.000 52.000 72,000- M),\lOO W.UOO 

37.M 52,001 n.t)QO 41UXIi) 80.000 

IKool) 16.000 36,000 2(j,t)OO 40,000 

OAOfl, 18.000 'l&,WJ 3b.O(}!) 2l!.00J 4O,OOt) 

I.J5F. &1,000 108.000 1.J2,too 94.500 155,000 

0 .... 4' It' S' ind (A 581J) 
0 .... 3!4" W [·111" tHe! 

Ii 1.6. 

21,'/00" 

"'1(":')' 

15JXXj 

J7.CXXl 

J7.0Q0 

It,UlXl 

Ill,OOU 

--,-_ .... ,----

905(lti 

C'l 

§ 
~ 
~ 
rLI 
""l 

~ 
r o 
~ 

~ 
52 
C'l 

~ 
~ 
o-l 

~ 
rLI 

:::l 
I:C 

~ 
C'l 
l"'1 
rLI 
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TABLE 6.6.2.1-1 INVfiNTORY RATING ALLOWAllLE S'fRESSES (psi) (~'1)nlilJlled) 

AASHTO Dwgn:l(ion 110 

A!rtM tk,signAtlutl Iii 

Minimum Tensilo Sttenttlh 

M'inimatn Yi~ld Poiul 

Axi:'i tell~j(!ft in members Wi1h no ho les tOt high 
sl.n:'llgtb boilS or rivcts. Usc nQI 5t'~li(l!i when 
nw,nbet has any open t"lole.i larger Ullin 1·1/4~ 

di:tn'l. -5u(:il <\,): IlCrfOftltio)l$ 

A.lal tension 10 mem~ wilh holes fur high 
S:llength IJc)tl'i 01 rivets and len&ion in extreme 
fiber of rolled llfl~,)t •• sinkr5'. and built-up 
StCtiOflS S-Ubjl:Cl 1(,) bending. 

• When lhe Qrt~ Qf holes dedlKlcd (or hiJ;h 
Mretlf;th bolls Or' ,J",,,,lS l~ mon: dIan 15 
percent ~f the I}IVSI iirC:l. that Me::! in 
exun or IS ptrctnt shall.be t.!t:dul,.'\Cd ftOm 
the gross nrrn ill determinms: Sln.;s!t on Ihe 

g:n)9~ M!£lion. In q~rmininc gloss ucdoll. 
any open hol~ IIIfg(>t 1IJM 1- 114" di:ull. 
"vch &$ pc:rfornlit,ff15 shall bC dedu(;I(".d . 

Axilll tens:iOfl ill memile" wiih,oul holes. Axial 
compres;siun, .gros!t ~ion; $tiO'ellcu!i uf phlli! 
ginkni. Ctlll.1pres::sion ill s.pUce- materi:d, c,n):Ui 

~tiOfl 

.Compte~on in c)(lIemc fi~ of ro1lt4 wapc'~ 
.B irden and built.up' llediuns .. sllbjc(:1 to bending, 

gros..~ ~cti(Ju. when (;'QJnflt'CJ..<:iw O!l.1¢t is. 
(A) SuppOrted f:tlqt;d ly il ~ flll11cngdl by embedment 

in C<JlXlrefe 

(0) I~rtjal!y liUPflOl1cd or UflS-UPP01'lud1ll 

F, - 91 X. arg.(!.)J~7nl. ... 987(~)'-i s0 5Sr: 
(F.~ . ) 5... ( . I". . , r _ . , 

~ ... 
u " ~:=: 

:E S > ~ , ~ 

!l .-
~ 

F. 

F, 

!I.55F, 
O.46f., 

Oro,:'I· 
Stetfoll 
O.55F, 

Net 
Sl)(.1Wn 

U50F" 

NO! 
S«sioll 
(lA6P. 

OS!'lF, 

0.55F, 

Ovar s~ to 8~ incl' 
Over 4~ lu 

(A :5361 (iV. 1- tf2" 
8'" inc::1 

l-Urml!,I:;, I" 1UiU. 104'" iud 

M I tl:! 

A 2-42. A 44U, 
A 572 A,n A 44 t ,.A SSg. A 441 

A 571 

10,(100 '1S.{fi) 6'J.OHO (,0.000 

55.000 1iI'.ooo ~2.0(lO 40.00n 

30,000 :l3.00() 2}.()(Kl 22.0(10 
NOT AI"PL1CADLE 

30.000 n,OOO 1:1,(01) 22.000 

35,000 31.500 3 1 .. 'i00 .~O.OOO 

NOT AI~r'UC'ABLE 

3O.WO 3~.1)r.x.> 23.(100 22.0[)O 

3O,00IJ 33.00n 2.'-000 

• 

C":l 

§ 
t"I 
t'"' 

~ 
6 
:::0 
t'"' 

~ 

~ 
C":l 

9 
;;2 

~ 
t:tl 

@ 
C":l 
l"J 
rJ) 
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TAIlLE 6.6.2.1·1 [NVENTORY IV\UNG ALLOWABLE STRESSES (psi) (oouti .. " ed) 

I·IIZ~ mAy, , . ru;v. 

O'l~ 5" In 3'" Ind" 
(A laS) ov.l~ I fl~ 

;i)4"'illd 
Over 4" 10-

trlnel 

CI< - 1.15 +- I .U5 (MrJ MJ + OJ tM11 MJl ::s 2.3 whef<! MI is Ihe, ~m;'\ner and Ml is !he Ja~tr end mument in tbe unbf'.It-'ed $CglHtttt o.r the mnu: Mil M, 1'5 pt'sill'1e Wll¢ll the momeMs c:wse: r~Vtne curv4tuJC 
muJ ~ti\'t .... iltll bcti\ in single curvature. 

ell = I.a for unbtllced t.'alltikvCrs :md for mt!tllbej'k where lhl: IlKlIl)~t1! wilhill Q ~lgn;fit.'tIll( }JQt'flQn of the unlJta~ sesnldll j$ gll!amt lOan QT equ!'!:1 to thc.largcr of the segUJeut end momcJ}t$. 
F.S. ' "'" FIWt(of' of Saiety 'Ilt In\'CfllOfy Level - 1.32 

C(ll'nj1{es$iQll in ccocentmnJty lQ!KItd catomn ... .fJ) 

wllh Ce" J2~e 
F, 

F. -I: KL 
p. _ ...:....J.... ,r • when -:.s:c., [ (KL)'] 

HS. '-4rl f 

P. ts n := 135,008.14Q Iis{Kr'J (~L)' wi"", 1(1. '" C. wi,h f..S. d 2.12 

Shear in Sink! Wt."b$. gro» set:{iOll 

13e.mng. on milled srifi'ent'rn ntW miler s{ecl 
pans in ront:tI;L Sn-eM ill Ulreme. fiber ,9f pill;; 

800ring (iN pim: fU)I Sl.Ibjecl tof{lta(km 

Bearlng on pin. .. »ubjt'(,l to rotatwn (stich' as H>ckcrs 
and hiilges) 

Shettr in pl.n~ 

ge:1ring on Pov!c(4)rh'en Rh'eb: luKl, big:h.tarc.I~lli 
bohs- (or lIS lim.i!t;i! by nllQwablc l.l!!l1rill~ on till: 
P:i5leners) 

1020 

25.WO-

L25(X;}' 

ISJKX) 

O.80f. 4ol.!lOO 

.... 000 

21,000 

O.4GF) 21.000 

1.3SF~ "".soo 

1}1 .. 7 11 6.1 

28.300 - 19.810-

IA8(~L)' O.73(~Lr 

20,000 J.i.OOO 

4&,000 34.000 32,000 

.1~UX)(} 34,O(lO .32,<XXJ 

24.00<.1 11.tI00 16,000 

24.1)00 11,000 

Hil,(OO 83.000 8}'000 

C"l 

S 
M 
C 
~ 
en 
>rJ o 
::t' 
r o 
~ 

~ 
2 
C"l 

~ 
~ .., 
~ 
~ 
t:e 
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C"l 
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en 
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TA8LE 6.6.2.1-Z OI'ERATING RATING ALLOWABLE STRESS (PSi) 

AASHTO fk'sigT~tpm III 

ASTM Dc,i&Ulltiol1 II. 

MiuinllulJ T~lc Slf~IIBIII 

Minimum Yield Poim 

AlIi,r Iet1Sioo ill members willt f}Q boles for high. 
$tte.nglh bili~ or ri~15. u."" " ,el s«tion when 
member hat any open holes 1.1'&ef' than 1 · 1 f4~ 
UiRn'l. $'~ as pcd'orntion~ . 

,o\J.ial kniion in fllembus wllb I~ rQr" higb 
~fl,th bofuor rivr:u and tension Iff Qtreme 

fl~ of" rofk4 sluipe.!ll, Sinko>, .lId bWlI-up 
scctionl IlIbjl'lCl to betiding 

• Wlttn ~ ~ of ~~es ckduCh:ld fur hig!) 
~gth hoIlS or ri\·ets it I1\OnIIIWl 15 
pcttt.nt of the r;ro!!f flrCll. ltUU' ateIl In 
cliqin (If IS ~cn! sludJ be Ikdtk.'icd (rom 
tho gJ'()fi al« in d<!.teMnin.ing ,hell!: QI'l Ihe 
gl"O$~ JOOtion. III dcteontn!ng pst ~10f\. 
IIny open~lzrgt:( lMIl 1, 1 /4~ diiun • 
• och R$ petfca,tionl ,shftll be de-dlktl'd; 

.AlIialltMioo ill ~rnbetJ: ""ithoui lIQlC5 . . Axfal 
CO~1. grort $C(;tloh: stilTeners Dr plait 
gildct1l. C(lll~.uton in q>~ice nl8lcrilll, &100. 
_lion 

C()"'~iSitXI in c.\~~l!ie ft!)els.ofroJle<l wap¢$.. 
gil\l;:t$. Md builf'up :!re(;li()n~, ~ubji: ..... to l!WIling, 
&It)U &taion. when tml'lPrfu'~un /l lillte is. 
lA)Supptlfw1 !:ritmlly iIS'fullle:ng.dl by t,mbcdlfl~nl 
incanoclc 

CD) Pu1lally ropportctl Of unsuppon:e,P'-

.... ~.?t~ fk)' Jo.m !... ... !J.S'7 (~)t s 0.75f( 
f. (ES.)S"" \I J... . I _ 

b 
~ Ol 

~~ . " 
~ ,'!) -

~ 

'f\ 

1', 

035P, 
O.(,(!i~. 

Grou.* 
Se.ction 
O.7SJ~ 

N<I 
S~tioll 

O.6W. 
N« 

Stdion 
O.(i{!F. 

O.75F, 

O.75Fr 

f'tiQr III I90S 

SUXJQ 

26,000 

19,500 

19,$00 

lS,OOJ 

19.500 

19,500 

OAm SUJLT·STEEL UNKNOWN 

190j [I) 19]6 19.\6 10 1!'.I63 Nier 19'63 

60.000 

30.000 31,000 36.000 

22.500 Z,-,OO 21.{JlJO 
NOT APP1.ICABLe 

21.500 24,SOO 27.000 

CarbQn 
S~I 

M 94(1961} 

A i(196'J) 

60.000 

)3,000 

1.4;500 

24.500 

"'.000 ,(0.000 4O,V!Xl: 40,000 

NOT API'UCADLE 

21.lOO 14.500 27.000 24,500 

12,.W "',500 27,000 24.500 

smell(! 
SI«I 

.Ove:rrl!)4~ in<;I 

I'.·t 95(1%0 

A <I{J%{.J 

'fO,OO!l 

45,000 

lJ,SOO 

33.500 

~.5(iO 

lJ,500 

")3;500 

Nj.ck.el 
St«1 

M'%(l961) 

A 8(1961) 

"'J!OO 

S5,000 

41.000 

4J,ooo 

60.000 

4l.ooo 

,I I ,QUO 

C • .,. 1.7.'; + LOS (M 1 (MtJ T ' 0,3 (Mil 1>'1:)' .s 2.3 wbet~ fit, ill tJlf~ ~lI1alkl l'tnJ t:11 I~ ([it:: J"II':~ c::nd I1I1,}l'rK'nt in IfIt tmb':ti:ed I(1::r,(ucm t;}f Iho! beilm~: M,I lvi, 15 ,xultive Wlll':!1 Ule ffi(lIUI:ni$ .tl!UoW rey~t' 
curllawre imd nc:gllotl\'t! wllt.n bl::nl til slnyle Cl.lf"lItVfe. 

C. - , LV for uubH'lt't:d ca:.nli'lcvtul ~nd fOr ll1;:mbe'f$ w~rC' lht Itim'll:.II1 witbin " $lgl!ifktll\ p>JIti{)fl tj( IltC ufllmJCl:d -tez:menl h tV'e'illct dum Uf' «{ual to the IMgcr of Ihe. ~(:l;mt:nt eo" nwmenl$. 
Fn'; . .,. r"Olct(ft or $l'lfcty lit ()PCf1.iltnt Ltvtl -- L:»i 

f:t;." 

C'l 

§ 

§ 
VJ 
"1 o 
~ 
t"' o 
~ 
?: 
~ 
C'l 

~ 
~ 

~ 
VJ .... 
'"'l 
CO 

~ 
C'l 

, i:"j 
VJ 
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TABLE 6.6.2.1-2 Ol'EltA:f1NG RATING ALi,OWAULE STRESS (psi) (continued) 

CCIn~)$i':n ill ccmcellldcally }().,ded t.'Oluruqlf/1 

wilh e.,- fr~E 
, F, 

IQ. 
when 7 2: c,. 

F. ~£.. [ (K,L)'r,]whw~ "' C. 
P..1, 1 - -- , 

-1,",13 

"'E 
p. ~ • (KL)' 

hS. r 

u'(;ro wHh ES. = 1.70 

She:!!" jll Birder wc~. truss ~'tidn 

Bearing 011 1'l1i1{(.."(1 ~ li(reuer,; and othC'r :!l;tcel 
I,:utl. ill t'Olllacl. St:relS in extreme: fil)cr of pills 

Doaring- Oft pill i" p(lt slIbjccl (0 robtion 

Dearing.oo pins 5ubjC'," l (0 rol;ntion {ltllch IlS fvckcf~ 

and hing~ 

Shc.1r in pin. .. 

Bearing 0» Puwer~Dri ... en Rive!.'! and high Sttcl'l!.Ih 
brn15 ('or Jl$ liluitw by aUowM!le bearin~ ou I,he 
r~(eactt) 

()A51~, 

O.90f1 

O.9OFt 

O.55'F, 

OS5J:, 

L8Sf. 

( 1) Number Itl f~3ref1tfwj;is rClue$Cn tl\ the hm yc.tr !hcs~ llpl'(:iJic6IttJIi$ weft: pi'illte-tl 

Prior II) 19O5 

148.4 

15.291.1-

O.)5(Kn' 

lI .son 

23,000 

n.fJOO 

14.UOU 

14,00(} 

96,000 

DATE aUILT-S'I1JEl UNKNOWN 

190:l 10 HI:3G liJJ6 10 l ~fI) 

IJiU IlL1 

17.650- I 9.4 IU-

"1",L)' 05~~L)' 

13.500 15,00Q 

21.000 29 .. S00 

27.000 29.~OO 

•• .sou .RJiOO 

If>,.S(}(} 18,0(.10 

111.000 11 1.000 

Afkr IYo) 

126.1 

21.180-

O.67(K
r
ty 

Ui;OOO 

32.000 

32.000 

'9.500 

19.500 

I 11.000 

("'-I-Irbut! 
Sitel 

1)1.1 

19.410-

os~';)' 

15,(0) 

2'l.SOO 

29.500 

18.000 

18.1XJ(l 

IILt.IOO 

SlIiC:On 
Stet'! 

Over 1· !u4- jl1cl 

112 .8 

26.410-

1.!)4( ~~.)' 

20;000 

4[).500 

<0.500 

24.50() 

24SOO 

129 • .500 

Nkkel 
Srl!C1 

102.0 

n.JSO­

,.Ss(KrLr 

14.500 

4.9.500 

49..5m 

JO.UOO 

JO.OOO 

H4,5[)O 

(2) For tbe llg or 11Irgcr C,.vrthl ,",-<t. )(CC $Irntlllmf Sw bHft}' R~Sf:fJlr:h COtw: iI Gil itlc Iv Stt'lhffii )' lJe,,,iJjIl CI·i/IJrUJ fi)r Mr.llIt Smlt;lUre~, ltv I~ I. , pg.. lJ5. If cov'cr pl;trcs lUi; used. dlt: (l.ttuwatJie SUllie: SUd S :11 Ihe 

pullu of theolclic,q} CllIOff :d\I\1I be tL'i determill~d by tho lormul(i, 
1 r= Ieng1h In hlChcs. or unMlp'poncd O:mse bclW~1I !litem! li}Jilli!di(fI'lP. knee bffi~ . Of Qthc:t j 'lO/I"I" uf sllppu!1 
I" .... lIIulIle"f "r jllt::rtl~ of t,'Ompr~iw Utilise ubOUI tllI.~ vertic.iI ;tti. ill the plal1e of fhe web. in, j 
d ... ~ltptl'l of 'gltdef', ill. 

HJ>ti)... + (hr'). +- 01!1 
) => l . l li!, whe .... ' h .md I rt1lf~NII Ihe llrmgc widlll aud Il»cJ:J.eM of 'he ('Qlmm:niOJI :mdlttmllQi) n~ng~. I) is the web Iltptli. :.i.lld t.. 'Is Ih6 web thick.llea 

S" "". section modulu ... wilh leAptct 10 the compr(lnilJll flange. ill' , 
(.3) E = muduhUl' or d:1istidiy of Me-cl 

r = t:ovcmilll!- rlldius ur gynHicu 
l. - ""lul' l ul)1J.raced 1en&lh 

K .. effe..11i ... e It-nglh fa.GIOf' 
N()le: The rormllillt! rJo' nOt :tlJlil), 10 mlllnbcl$ willi ~' AJbtl!t! 1Il01ll~lt o f hll~njR. 

• 

C'l 

S 
t-1 
t"' 

~ 
00 
"'l o 
~ 
t"' o 
1; 

~ 
C'l 

~ ..., 
> 

~ 
00 

::J 
ttl 

~ 
C'l 
t-1 
00 



TABLE M.2. 1-2 OPERATING RATING ALLOWAIlLE STRESS ( " si) (eulltinued) 

s~ .md I-!Ilt" <Iud O¢(r 1·1/11-- (1Vf:r 2~ lt1'" If.1~ am.! uutler 
Undiif Unrle! w 'J:' inrl i ~ltJ" Ilh1J\ 1/2" 1fm" 1~t4";nd ;i" Uild unocr (A 5g1») 

AAs~nU ~igil31loo .(1 ic.l 
S 

ASTM ~~ill:Ila(Km ,jl 
A ~I" 

A 2i12. " 440. A 441" I ~ A 36 A ~1 A 9'1 Ayn ;\.572 A :'i83. A 572 r ..... 
Minimulll T~nGHe. Sfr~gth f'. S8,(HlO 1S.1J(J() n.OOO W,(l(J<J 80.000 [OS,DOI) 70.000 I ~ 

fJJ 
Minimulli Vitld P'<H:\I F, 36.t'(1\) SOJXMl 47.01.10 45.(1)0 65.000 yO,OOO 50.000 l ""l 

0 
AAild lImlliQn i)) m~mbers wilf\ I)\) holc..~ fur high 

:;tI .., r 
~ 

$UCft1(lh bolts (}t' rh'et. ... Use ltel .sec:llvn .... III!I) 0.1:;1\ 27.OiKl J7 .. 'IQ(1 .'\:'5.00(1 3:J.!iOO 48.500 !"LA. 37,500 

rntlmbef 1m» any npcJl holc.~ I.Hger limn \-1/4* O,60F. NOT AFPI. lCAHLE 6J.OOO N.A. 0 
IV tJiam. !iUdt as f)l! rror.nioos ~ 00 
0 ..., 

Cf1'Hi~" 27.0t)j) 37~WO 3l.0n0 :U .. '\OO 4$..500 61.~1 :n.!'iOO ~ -..l A);ial 1t'llsirJn iwmembeu: widl holts for hit', 

,'Men!:lil OOIt, 9' rh'cl~ and lem;ioll hi c)I\rume ~ t 
SCl"1toll 

1).15F\ 
..., 

fi ber of rolled "ha il\l~. Gin.l~ts. and l~ih'LlI' ~= Z v " I>cclioo~ ftubject 10 beodlng E e Net . ~ See1ion )j!.000 50.000 48,000 '1/),000 53,000 N,A. 46.500 c.l 
• 'v'lrell the ~l"tll of hole5: dt:uuctcd for hig.h ~ .~ O.67P. 

~ !'U"Cll,£tl,\ boilS 0( rivet-'\. i~ flKlfC Ihall 15 
~ 

NcI 
rcn:t!nl of the ,~ uu" IhlU lWl$ In St~ l i(}" NOT APJ'l,I\~I\f1L£ 63,000 N.A. ..., 
<:lU.'t,'l" or L"i percent »II{III be d<!Jocu::d fmm O,tiOf~ ... ;..-
tTI!~ gros.\ d"rell in "ct~mJ1in!ng 5t(~.11-~ 01.1 the 
gmo;.s. .sooJion. Tn de.loI111ining ~ ~l."Ctii.»1, 

..., 
any open hole!> ".!ftc! tlmn 1·1/.4- dian!. ~ )(uch as" p!!rfumlioJ1~ ~IU be: de-duclt:d. 2! 

'" Axi:d trn:!ron ill mumoors without ho!c~ , Axial ..... 
C:Qm~iof\. c.w:s,~ t,(~ l iun; ~tlffcnc,t~ (Ii' plait: O,7!W, 27.000 31.500 35.0I)() 33.51.10 48.500 {iJ,!500 11.SUO 

..., 
vinlct);, Compl'c1>S'ton in -spike ffi1:ll<:(i:II, grou t:I:i 
settiou i::l 

~ 
t:;; 

:" QUllpJ'bI.:;;ion in C.J;t r\' lU~ fibers- (If mlled s111l~", c.l 

~ 
lln-tWOI and buil t·ul' !rcliOfl§.., sobjl.'Ct io ht:'lRling. l"J 
~m"~ st!Ction, when t:om{Jf("!i!i.iun fl":tIl1:-t l~. U.?'1P, "/.7.000 .H,S(XI 3.'.Oi.l() 3J.~·(lO 41t.5UH 67..500 37.500 '" '" ~ (AI SUpjlO1tcd latcrilclly iL"\. full len.:t!1 tJ)-' ctnPt: .. .!Incjl! " p-
in CotWfete 

IV 
0 
0 (B) J'afually SlIflPOfted i.'>f" t.l1i!i:li"prd1ctr ~' ... 

,. .. = 91 X IO"4 (k) /0.77'1.!. 1J.87 (~) s O.75f, 
(f-S.) So. I 'J I", ( 
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'I'AliLE 6.6.2.1·2 OPERA11NG R,\TlNG ALLOWABLE STItE,SS (psi) (contioued) 

8# ;md 
U:tQl;'r 

I ~ II&· GIld Ovu f.lf8.-

1J000r kll~ mel HI1" lila,.. 112" 1n."lI 

o.ver 2~ 1/2" 
1('1.4- lod 

3J.1-~ and \/Ilikr 

.," ;HlIl undtr tA 5S8} 

Cr. '" I ,7~ ... 1.0:1 (Mil [\1J) ~. 0.:\ (Mil r-,-IJ)1 So: 2.3 wh~ M, iii lht: Slllftilcr lind Mill'> Ihe hUSl:t lJ:tld mUlllel11 in lhe tmlsnli:e(! )Cg,nt'll\ (I f thi;' 1 ~!Hn~; Mt I MJ I~-~li\"e wltell Ih¢ ltl:untCilll' Cllllsr. re.'¥I.'(St1 Qm3tUrt. 
lind nc:gll lj"c \I.-hell benl in .s tn~le et.I1Vrll l!fV. 

C~ .Q I,() (or unbl'!.l.Ccd catltiJevct'!4 :uld I(lf n'leml\l.:fs v.irere (he moment wit.bin a :SiSIOfic!fIlI1'!OI{itJII vI' Ihc ullllf¥ed scgmeli! is gte;llel' than or eqiffil !Q UIt': lar,!:r o( lilt: ~r.nUlf!m end nMOI:.u,ljI, 
F.s, "" FMlor of SarelY III Opcr;uing L::\I'eI - 1.34 

Compces~ion in COllCi:nlricalJy iootJed L-VIUl/ lIl~I " 

with C, :' /2"r 6. 
~ F. 

I
. I<L -

w«;u -:S'C. , 

[ (K')' ] F - F KL 
F. e.....:.....&,. r' whtn-~C-c F..S· I - ___ , 

-4 u:e 

F~ ".. ~ 168.361,840 
ES{KrL)' - (K,L)' wHh ?.s. w 1.70 

Sltear in t; irde.r webs, gross ~Iion 

Be:uffl ij un milled SUfftflCf& and other steel 

p:U:l\ ill COTII:tCL Suess in extreme. fiber or Vim 

8~lIg (If} pin~ nOllitl~1 fo ml;tli on 

Bearing On pin., "tlbje<:t to tOiillion hud! aM rockeu 

mid hin&es.) 

ShUl l ia }tiM 

Bearing on P'lwc:r.Ori\·Ct1 t{i \'t::I~ ;cml' higll 101It!nJ;1h 
bolt!! (or a,o; IIrnile:d by .allowabre hearllltl: 011 !lIt 

Fas~) 

IUd 107,0 

l 1.'W- 29,.1 10-

O,67(~lr 1.18(~Lr 

Q.4!lP, 16.OUH 22 • .'mU 

user, 31:.0(1(1 45,000 

i:). 901~; 32.000 45."000 

O.55F, 19.5{)0 11.500 

O.l"iP, 19.5lK) 27,500 

I.asr-.. lO7.()"X} 1)&.5VO 

llQA 112.& 93.3 19.8· un,\) 

17,650- 26,.471l - 3H.240- 52.940- 29,410-

U3(~)' 1.04(K:-J' 1- 17(~Lr 4..~K,~)' I.u(~~r 

21.000 20,000 29.000 40.500 12;500 

41,000 4fJ~-"iUO 58.500 81 ,000 .45".000 

" 2.<XXl 40= 58.500 81,000 4S.000 

25..>(1Q z·uoo 35,soo I1IB'OO 21.500 

2.~.!iOO 24.500 35.500 49.500 21.500 

133.000 11/ ,000 14R.OOO 19<1.000 129.500 

ll .. 

o 
@ 
l"j 
t"' 

~ 
r:n 

b 
:;e 
t"' o 
~ 
~ ..., 
2 o 
~ ..., 
> 

~ -..., 
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~ 
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TAULE 6.6.2.1.2 OPERATING RA1'lNG ALLOWAllLIl: STRESS (psi) (<''GIlUlIuea) 

AASHTO D<:si!,l:IUi.\ j\>f1 ,10 

AS'fM Qcsigml:!iun H' 

Minimum.1cn:s{l e StreflgUl 

Minimum Yield Point 

Axial tension iii tltI;:ml~rs wilh 119 holes (Uf hit-h 
!ilrengtb boh~ or rivel1.. U5t: net section wfuln 
mt:in~. hM auy open hoI" larJ;~r than I ·Jl4~ 

dillln. sue!,! ~ pUforattons: 

A),j~1 tension in ,ocmoors- with holes fOr MSh 

$Uength oolt!C (Or riVC($ lind tension in extteme 
fiber uf roJled shApc., ·gin1ert;, ~1k1 buill-up 
!ie<:tio;>ru; subjecl to bemline 
• When the area. Qf holM dtdUl.1t::d (ut high 

!;tn::n£lh boilS ar riVelS is more lh:m 15 
peKerll uf Iht: grosi 1tf12. thaI :trea in 
e)(l;:CU" .of 15 pon.."Cnl ~:dI r". t1cdUl;ted hum 
d.m- gro:;5 aru. in detCT'mii1lng"nnrs!i OIl LI~ 

gr~. S«lioo. 10 determining arost !'>Cdi(Ifl, 

ilU)' Dpc:R holes IlIlJer .1113" 1-1/4- diMl. 
suc,b .u ·pcnoratiol1s "hall he tltductcil 

A}lja" lension in nlembcfS without holes. Axi<\l 
comprtmon. gn»..4'$oCClioh ~ u itrcnet$ uf.pbte 
girder$.. Contprenion til §plitc 11lIilen.1i. 8fOS$ 
s«tlon 

Compr~i<ln in f.'.)(~mc fihellj 'of l't.dlt',(,I ijlafIC.~. 
!;iul.e~ ;;M builHll1 ~(km~, "$.ul~~ to bendiflt. 
gfllss M..'CliQfl. whcn 'c(){llpwS:itlll fllinte j~ 
fA) Sllpponed lMel'o'l,ny irs ruI11~'"Tl8.lh by emOOfnK"!~ 
ill COn<".it le 

(IJ) Partially supported Of UM(1){lQf1.oo!!i 

91 X U)"'C. ('-') 
,.~ - ' I (F.S .> S .... , 

F. 

F, 

V.7$f:, 
O.60P. 

Gmu· 
~ 

Section ~ 
~ ~ O.75F, ~~ 

:2 E "" . ~ Section 
~ .!.'! o.<m:w 
~ 

"« 
Sd:tion 
0.005:, 

iDSI!, 

O.7.SF,. 

Tb 2~lIr ind {A 514) 0\',. 4- 1u S"lnd (It. 5S8) 
All :hklt (A SJ1j Ov. 31-4~ \() lour ind t-lfJ.!" I(;:I~ ," rtnlll. 

Ov. :'i ~ TO 8" !net {A 5881 

Ov. 1·1J2~ 10 4- 1m," 

A 5 14·.,.dl7 

1IS.ooo 

){J<l.000 

15,(W 
(j~,O{X) 

7$,000 

N.A. 

&),000 

'13,000 

·'5.000 

A :MI. A Mu. 
1\ >t41 . A 388 

67.000 

4~.000 

3<.lW 

34,.500 

<14.500 

3<,500 

3'4500 

AS72 

7{}.OOO 

.55.000 

4 1,000 

41.000 

46.500 

41 ,OUO 

41,000 

II, .242. 1\ MO. 
Am A .14 1, A 5a8./\ sn 

75.000 63.000 

6O,(JOO 42.000 

",5.UOO 

NOT APPUCAtfLE 

4:>,l.k)O 3I.soo 

'0.000 42,000 

NOT APPUCABLE 

45,000 3LSOQ 

4:i.QPO :31 .. ~OO 

o..:(:r 4~ I.., 
S-Inc! 

i\ ·441 

60,000 

4tJ.OOO 

30.000 

30.000 

40.000 

lO.OW 

a 6 

C'l 

S 
t'l 
t"' 

~ 
00 

6 
~ 
t"' o 

I ~ 

~ ..., 
:z 
C'l 

~ ..., 
> 

~ 
00 -..., 
o:l 

S 
C'l 
t'l 
00 
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TABLE 6.6.2.1-2 OPERATrNG RATING ALl,OWABLE STRESS (I,.i) (colltinued) 

Tol·[ I2~ Illd (1\ $1 I) O\" 4~ Itl~' (lid (A SSil) 
AHlhfuk(A!il1j 0\'" )14- 10 I ~ Jn."' ind j · l/r mnl'l 1- 1113l1. 

Ov •• 1" tu S" l,lE:! (A 58&) 
-0,., j ~ I /2"l1)4"il!cI 

OfCf'4" 10 
a~ ioel 

Ct c L15 , l.O.~· (1.1; I M!J + 0.3 (1\1t /M tf :s 1.3 ..... il1!re M, 1:\ the Sl1lPflCf ;uw Ml i}. Ute IlIIter tilt! murotot iu Ull.' unj1l';ltctf .iC~itU':l\i I)f Ihe beams: Mt J M: i ~ Ilmhi\'C whu:n Ihe momMI): l-'lI,>;e 'e ... tf~ 1;ut .... "Lufll' 

'3ltd ru;;.mh·l,l \\:ltc:n benl in iin~le ~U"''''llum. 

C. = 1.0 fur uJlhnit"t'll C'mliIC'I(Q affiJ f(.lr mcmbtf!i wiK:IC lhe mOHl:::m ;.vlihi,1 " sigrufltUOI prntiull (1r Ilin unbf'..K\,:d SCglllCllj i~ Rft'4-ler Ih~1l Of' equ:'Il lfi (~ hlrJ;i:t' or Itle 'litgl1lCI1I end ifwflltnl'i, 
ES. => Facto( of Safct,)' iU ()per1iltifl~ u:\'cI .. "J., 
CQmprosSuHI In COJk:~ol!icttlly Jootk.-d co)UlO!tS,l, 

h:JF 
wilhe.."" I~ 

\i F, 

wilh Kl ""' C,. 
r 

[ (KL)'J F - f. KL 
F._..:....L r whcn-O!':C. 

F.S. 1 - --- r 
411J6 

1--.... 1f1f,!: 

, ES{Kn' ~ 
16K.36:l.S40 wilh F.S. _ 1,70 

(K,ll' 
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TABLE 6.6.2.1-3 Allowable Inventory and Operating Stresses For Low Carbon Steel Bolts and 
Power Driven Rivets (PSO 

Type of Fastener 

IA) u>w Coroon S",ei B"it;: Turned Bolt< IASTM ... 
307) nnd Ribbed Bolu.11!1 l i 

(B} Powet Driven Rivets fril;el<li driven ~y pneumarkllily 
('If "electrically operat~d ham men; ".lfI! considere'd 
power driven) StnltturnJ Steel RivellASTM A 502 
Crude I or ASTM A J 411 
SU1!ctllml Steel Rivet (High Strength) (ASTM 
A 502 Grode 2) 

Rating 
Level 

INV 
OPR 

INY 
OPR 
INY 
OPR 

Tension 

18.000 
24500 

Beurlng 

20,000 
n.ooo 

40.000 
54.500 
40.000 
54.500 

Shear 

Bearing 
Type Connecrion 

11.000')' 
!5.000'~\ 

13.500 
18.000 
20.000 
27.000 

! II 11\t AASHTO Design Specifications indicate that ASTM A 307 bohs shall not be used in connection, subject to intigu!. 
(2) Based cn nominal diameter of bolt. 
(3} Threads permitted in the shear plane. 
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TABLE 6.6.2.1-4 Allowable Inventory and Operating Stresses {(iT High Strength Bolts in ksi' 

Load Condition 
Applied Ten,ion en 

Shear (F,): Slip-critic.1 . , 
connectlon 

Shear (F,): Bearing-type 
connection~ 

ThTeads in any sh'Sar plane 

No threads io shear plane 

Bearing (f;J on .onneeled 
material 

Hole TlEe 
St2nda-d, ·oversize Or 

slotted 

Standard 

OVL-rsize or short·slotted 
loaded in any direedon 

Long-slolted 
Load rransverse 

Long-slotted 
Load pa'2l1cl 

StlI11dard or slotted 

St:mdard or slotted 

Sw.dard, overSize or 
shon-slotted lollrled in 

any mrec"tion 

Long-slotted 
Load parallel 

Long-slotted 
Lallrl trnnsverse 

Rating AASIiTO M 164' AASHTO M 253 
Level (ASTM A 325) Bolts (ASTM A 49Q) Bolts 
!NY 38' 47 
OPR 52' 64 

[NV 

OPR 

!NY 
OPR 

lNV 
OPR 

!NY 
OPR 

!NY 
OPR 

[NV 
OPR 

!NY 

OPR 

!NY 

OPR 

INV 

aPR 

IS ' 
20f 

u' 
IS' 

11' 
JS' 

9' 
IZ' 

19' 
26! 

24' 
33r 

O.5L,Fu <: F' 
---- u 

d 

O,7l.."F,s; 1.4F," 
d 

O.5L,F, '" Po" 
d 

O.7l.."F,S 1.4F.' 
d 

O.4L,F. s; 0.8F,' 
d 

O.S5l"f. s; 1.1 PI 
d 

19 
26 

16 
22 

13 
1& 

11 
15 

24 
33 

30 
41 

• The tabul.ted stresses, except for bearing stress, apply to the nominal 2f~a of bolts used in any grade of steel. 
• Applicable for contacl surf"" .. with clean mill scale (slip coefficient 033). 
, [n bearing-type ro.'lllections whose length between extreme fasteners in eacll of the spliced parts measured parallel to the 

lille of .. 1 axial force exceeds 50 inches (1 .27 m), tabulated value shall be reduced by 20 percent. ' 
d t, is equal to Ibe clear distance between the holes or between !he hole andtbeedge of the material in the direction of 

applied bearing force. in.; F. i. the specified minimum tensile strength of the COllllected material.; d is the nominal 
diameter of lb. holt, in, 

, AMATO M 164 (ASTM A 325) and AASIiTO M 253 (ASTM A 4~O) high-strength bolts are available in three types, 
designated as types I, 2 or 3, 

r The tensile strength ofM 164 (A 325) bolts decreases for diameters greater than I incb. The "".Jues listed .... for holts 
up to I-inch diameter. The values shall be multiplied by 0.875 for diameters gre.ater than I inch. 
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H. 3 Wrought Iron. Allowable maximum unit stress mill in wrought iron for tension and 
bending. 

Inventory 14,600 psi 

Operating 20,000 psi 

Where possible coupon tests should be performed to confirm material properties used 
in the rating. The rating summary as appropriate shall clearly indicate capacities for 
both stress levels. 

H. 4 Reinforcing Steel. The following are the allowable unit stresses in tension for 
reinforcing steel. These will ordinarily be used without reduction when the condition of 
the steel is unknown: 

Inventory Operating 
Rating Rating 

Structural or unknown 
grade prior to 1954 18,000 psi 25,000 psi 
Grade 40 billet, inter 
mediate, or unknown 
grade (after 1954) 20,000 28,000 
Grade 50 rail or hard 20,000 32,500 
Grade 60 24,000 36,000 

H. 5 Concrete. Unless there is a mix formula given on the plans, concrete for 
snperstructures shall be assumed as 2000# concrete before, 1931 and 3000# concrete 
for 1931 on. If a mix is given, the strengths shall be taken from the 1916 Joint 
Committee Report (see table below). Allowable inventory and operating stresses shall 
respectively be .4 and .55 ofF'c. , 

Mix = 1: 1:2 
F' c = 3000 psi 

1:1112:3 
2500 

1:2:4 
2000 

1:2.5:5 
1600 

1 :3 :6 
1300 

The use of intermediate grade reinforcing steel as shown in the AASHTO "Manual for 
Maintenance Inspection of Bridges," began in 1952. 

H. 6 Prestressed Concrete. The load rating of prestressed concrete members shall be in 
accordance with AASHTO Mannal for Condition Evaluation of Structures Section 
6.6.3.3. 

H. 7 Timber. Determining allowable stresses for timber in existing bridges will require 
sound judgment on the part of Engineer making the field investigation. 

1. Inventory Stress 
The Inventory unit stresses should be equal to the allowable stresses for stress-grade 
lumber given in AASHTO Design Specifications. 
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Allowable Inventory unit stresses for timber columns should be in accordance with the 
applicable provisions of the AASHTO Design Specifications. 

2. Operating Stress 
The maximum allowable operating unit stresses will not exceed 1.33 times the 
allowable stresses for stress-grade lwnber given in the current AASHTO Design 
Specifications. Reduction from the maximum al lowable stress will depend upon the 
grade and condition of the timber and shall be determined at the time of the inspection. 

Allowable operating stress in pounds per square inch of cross-sectional area of simple 
solid colunms should be determined by the following formulae but the allowable 
operating stress shall not exceed 1.33 times the values for compression parallel to grain 
given in the design stress table of the AASHTO Design Specifications. 

P I A = 4.813E 
(1/ r)2 

in which P = total load in pounds. 

A = cross-sectional area in square inches. 

E = modulus of elasticity . 

.e = unsupported overall length, in inches, between points of lateral • 
support of simple colunms. 

r = least radius of gyration of the section. 

For columns of square or rectangular cross-section this formula becomes: 

in which 

PIA 0.40E 

(/ I dy 

d = dimension in inches of the face under consideration. 

The above formula applies to long colunms with CUd) over 11, but not greater than 50. 

For short colunms, (lId) not over 11, use the allowable design unit stress in 
compression parallel to grain times 1.33 for the grade of timber used. 
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FATIGUE CONSIDERATIONS FOR STEEL STRUCTURES 

1. 1 General 

(a) The evaluation of the safe remaining life of steel bridges may be required when 
planning retrofit, rehabilitation or replacement schedules or establishing 
limitations on vehicle weights or speed restrictions. Remaining life is also a 
consideration in an assessment of critical redundant or nonredundant details for 
inspection and fract\U'e control. When necessary as outlined above an 
evaluation shall be performed for revenue vehicles for those members, which 
are controlled by allowable stress range for fatigue from Table 3. For stress 
category, see Table 4 and Figure B. 

(b) Number of Constant Stress Cycles shall be assumed as over 2,000,000. 

(c) The stress range Fsr is defined as the algebraic difference between the 
maximum and minimum calculated stress due to live load, impact load, and 
centrifugal load. If live load impact load and centrifugal load result in 
compressive stresses and the dead load stress is compression, fatigue need not 
be considered. 

(d) For welded or rolled steel members and welded and high strength bolted 
connections subject to repeated fluctuations of stress, fatigue requirements of 
Table 3 shall be considered. 

(e) For members with riveted or bolted connections with low slip resistance subject 
to repeated stress fluctuations, the requirements of Category D Table 3 shall be 
considered. Where the Engineer can verify that the fasteners are tight and have 
developed a nonnallevel of clamping force, fatigue Category C may be used. 

(f) Riveted and bolted connections and members that do not satisfy the 
requirements of Paragraph (e) above may have these requirements waived at the 
discretion of the Engineer if the connections or members will retain their 
structural adequacy if one of the elements cracks. The connection, member, or 
span must hove adequate capacity to carry the redistributed load and the 
frequency of inspections which will permit timely discovery of any local failure 
and need for corrective action. 

(g) For eyebars and pinplates subject to repeated fluctuations of stress, the 
requirements of fatigue Category E of for the nominal stresses acting on the net 
section of the eyebar head or pinplate, shall be considered. 

(h) For main load carrying components subjected to tensile stresses that may be 
considered nonredWldant load path members (that is, where failure of single 
element could cause collapse) shall be evaluated for the allowable stress ranges 
indicated in Table 3 or Nonredundant Load Path Structures. Examples of 
nonredundant load path members are flange and web plates in one or two girder 
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bridges, main one-element truss members, hanger plates, and caps at single or 
two-column bents. 

(i) When necessary the Engineer may determine the number of actual cycles from 
historic records and as appropriate adjust the allowable stress range. Field 
inspection shall note fracture critical members, redundancy, and fatigue prone 
details especially those in Category D or lower. 

Redundant Load Path Structures* 
Allowable Range of Stress, Fsr (ksi)" 

Stress 
Category 
See Table 4 

A 
B 
B' 
C 
D 
E 
E' 
F 

For over 
2,000,000 
Cycles 

24 (16)d 
16 
12 
10 (12)b 
7 
4.5 
2.6 
8 

Non redundant Load Path Structures 
Allowable Range of Stress, Fsr (ksi)" 

Stress For over 
Category 2,000,000 
See Table 4 Cycles 

A 24 (16)d 
B 16 
B' 11 
C 9 (11)b 
D 5 
Ee 2.3 
E' 1.3 
F 6 

Table 3 Allowable Fatigue Stress Range (ksi) 
'Structure types with multi-load paths where a single fracture in a member cannot lead to the collapse. For example, a 
simply supported single-span, multi-beam bridge or a multi-element eye bar truss member has redundant load paths . 

• The range of stress is defined as the algebraic difference between the maximum stress and the minimwn stress. Tension 
stress is considered to have the opposite algebraic sign from compression stress. 

';!'. ' b For transverse stiffener welds on girder webs or flanges. 
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'Partial length welded cover plates shall not be used on flanges more than 0.8 inches thick for 
nonredundant load path structures. 

d For unpainted weathering stee~ A 709, all grades when used in conformance with the FHW A Technical Advisory on 
Uncoated Weathering Steel in Structures, dated October 3, 1989. 
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Stress Illustrative 
Category Example 

Kind of See Table3 See Figure B 
General Condition Situarion Stress 

Plain Member Base metal with rolled or cleaned. surfuce. Fla.mc·cut edges T or Rev' A 1.2 
with ANSI smoothness of 1,000 or les~ 

Built·Up Members Base metal and weld metal in members of built-up plates or T orRcv B 3,4.5.7 
shapes (without attachments) connected by continuous full 
penetration groove welds (with backing ban: removed) or by 
continuous fillet welds paratleJ to {he direction of applied 
Stress. 
Base metal and weld metal in members of built-up pJa.tesor T drRey B' 3,4,5.7 
sbapes (without attachments) connected by continuous full 
penetration groove w-.J.ds with backing bars not removed, or 
by continuous partial penetration groove welds parallel to the 
direction of applied stress. 

Calculated flexural stress at the toe of transverse stiffener T or Rev C 6 
welds on girder webs or flanges, 

Base metal at eods of partial length welded coverplates. with Tor Rev B 22 
high-strength holted slip-eritical eod connections. (Sec Note t) 

Base-metal aL ends of partial length welded coverpl.ates 
narrower than the flange having square or tapered ends, with 
or without wdds across tbe ends, or wider than flange with 
'Welds across the ends: 

(a.) Flange thickness s 0,8 in.. T or Rev E! 7 
(b) Flange thickness> 0.8 in. T or Rev E!' 7 

Sase metal at. ends of partial length welded coverplates wider TorRev E' 7 
than the flange without welds across the ends, 

Groove Welded Base metal and weld metal in or adjacent to full pcnctrntioa TorRev B 8,10 
Con nections groove weld splices of rol1ed or welded sections ~aving similaT 

profiles when welds arc ground Bush with grinding in the 
direction of apptied stress and weld soundness established by 
nondestructive inspection. 
Base metal and weld metal in or adjacent to fun penetralian TorRev Il 13 
groove weld spli~.!s with 2 ft radius transitions in ,vidth, 
when welds are ground flush witb grinding in the direction 
of applied stress and weld soundness established by 
nondestruc tive in!q'>eCtion, 

Base metal and weld rnetal in or adjacent to full peocLration 
groove weld spliccs at transitions in width or thickness, with 
welds ground to provide slopes no steeper than 1 to 2!1l. with 
grinding in [he direction of the applied stress, and weld 
soundness established by nondestructive inspection: 

(a) AASRTO M 270 Grades lOOtl00W (ASTM A 709) T or Rev B' 11.12 
base meta l 

(b) Other base metals TorRev B 11.12 
Base metal and weld metal in or adjacent to full penetration Tor Rev C 8,10,11.12 
groove weld splices, with or withoul transitions having slopes 
00 greater than 1 to 2 V~. when the reinforcement is not 
removed and \\'Cld soundness is established by nondestructive 
inspection, 

Groove Welded Base metal adjacent to details attached by full or partial Tor R...""V C 6.15 
Atta.:hments- penetration groove welds when the delail lcngtb, L. in the 
Longitudinally dircclion of stress, is less than 2 in, 
Loaded" Base metal adjae<:nt to details attached by fuU or partial T or Rev D 15 

penetration groove welds wbcn the detail length. L, in the 
diTection of stress. is between 2 in, and 12 times the plale 
thickness but less than 4 in, 

• Table 4 Construction Details 
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Stress 

• Category Illustrative Example 
Kind of See Table3 See Figure B 

General Condition Situation Stress 

Base metal adjacent to detJIilsattached by full or partial 
penetralion groove Vo-elds when the detail length, L, in the 
direction of streSs, is greater than 12 times the plate thickness 
or ~--eater than 4 in.: 

(a) Detail thickness < 1.0 in. T or Rev E 15 
(b) Detail thidn ... '" 1.0 io . T or Rev E' 15 

.Base metal adjacent to details attached by fun or partial 
penetration groove welds v,'ith a transit jon radius. R. 
regardless of the detail length: 

-Wrtb the cnd welds ground 5IDOOth Tor Rev 16 
(a) Transition radius <:: 24 in. S 
(b) 24 in. > Transition radius'" 6 in. C 
(c) 6 in. > Transition radius ~ 2 in. D 
(d) 2 in. > Transition radius 2:: 0 in. E 

-m all transition radii without end welds ground smooth.. TorRC'Io' E 16 

Groove welded Detail base meta l attached by full penelralion gro~ welds 
Auacbmcms- witb a tTaositioQ radius, R. regardless of the detail length and 
Transversely with weld soundness transverse to the direction of stress 
Lond.ed~'c established by nondcstmctive inspecdon: 

- With equal plate thickness and reinforcement removed TorRey 16 
(a) Transition racliu$ ~ 24 in . a 
(b) 24 in. > Transition radius'" 6 in. C 
(cj 6 in. > Transition radius ~ 2 in. n 
(d) 2 in.~> Transilion radius 2= 0 in; E 

-With equal plate thickness and reinforcement 'Rot removed T or Rev 16 
(a) Transitioo radius ~ 6 in. C 
(b) 6 in. > Transition radius 2: 2 in. n 
(c) 2 in. > Transi(ion radius 2::: 0 in. E 

-With unequal plate thickm::ss nnd reinforcement removed T or Rev 16 
(a) Transition radius ~ 2 in. n 
(b) 2 in. > Transition radius ~ 0 in. E 

-For all transition radii with unequal plate thickness and 'f or Rev E 16 
reinforcement not removed. 

Fillet Welded Base metal at details connected with transversely loaded 
Connections welds. with the welds. perpendicular to 1he direction of stress: 

(a) Detail thickness OS; 0.5 in. T or Rev C 14 
(b) Detail thickness> 0.5 in. TorRcv -See Noted 

Base metal at intermittent fillet v.relds. T or Rev E 
Shear stress on throat of fillet welds. Shear F 9 

Fillet Welded Base metal adjacent to derails attached by fillet :welds with T or Rev C 15,17,18,20 
Attaohments- length, L, in the dirt-.ction of stress, -is Jess than 2 in. and 
Longitudinally stud-type shear connectors. 
Loaded~'c .¢ 

Base metal adjacent to details attached by fillet welds with T or Rev 0 15 , 17 
length, L, in the direction of stress, betWlOen 2 in. and 12 
times the plate t1ucknes, but les, than 4 in. 

Ba.e meta! adjacent to details attached by fille t welds with 
length, L. in the direction of stress greater than 12 times the 
plate thiclrness or grca1er than 4 in.: 

(a) Detail thickness < 1.0 in. Tor Rev E 7.9,15,17 
(b) Detail thickness '" 1.0 in. TorRev E' 7,9,15 

Table 4 (Cont'd) 
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General Condition 

Fillet Welded 
Attachments-
1i"ansverse!y Loaded 
with Ule Weld in 
the Dircction of 
Principal Stress·" 

M-..chanically 
Fastened 
Connections 

Situation 

Base metal adjacent 'to details anaehed by fillet wclds with a 
transition radius, R, regnrdless of 'he detail length: 

-With the end welds gmund smooth 
(al Transition radins ;:,: 2 in. 
(b) 2 in. > Transition radius'" 0 in. 

-For all transition radii without the end welds 
ground smooth. 

Octail base metai attached by fillet welds with a transition 
radius, R, regardless of the detaillengtb (shear Stress on 'he 
throat of fillet welds governed by Calegory F): 

-With the end welds ground smooth 
CaJ 1tansition radins '" 2 in. 
Cb) 2 ,in. > Transition radius '" 0 in. 

-For all rransitb:m radii without the end \\-elds 
ground smooth. 

Base metal at gross section of high-strength bolted slip 
resistant connections, except axially loaded joiots which 
induce out~of·plane bending in connecting materials. 

Base metal at net section of high·strength botted 
bearing-type connections. 

Base metal at net section of riveted connections. 

Eyebar or Pin Plates Base metal at the nee section of nyebar head, or pin 
pl2.te 
Base meta!. in the shank of eyebars, or through the gross 
section of pin plates with: 
(a) rolled o r smoothly ground ,utiaoes 
(b) flame-cut edges 

Kind of 
Stress 

TorRev 

TorRev 

Tor Rev 

TorRev 

Tor Rev 

T orRev 

Tor !le'I' 

T 

T 
T 

Soess Category 
(See TabId) 

D 
E 

E 

D 
E 

E 

B 

B 

D 

E 

A 
B 

illustrative 
Example 

See Figure B 

16 

16 

16 

16 

21 

21 

21 

23,24 

23,24 
23, 24 

~ -r signifies rang.e in tensile stress only. ""Rev" signifies a range of StreSS involving both tension and compression during a stress cycle. 
b"'Longirudir.ally Loaded" signU~ direction of applied stre&s is parallel to the longitudi.nal e,xLe; of the weld. ·'Transversely Loaded" signifies 

direction of applied ~ is perpendieular In the longitudinal axis of the 'Held. 
~Tnwlivef$e.I}' loaded partial penetrllllati groove welds are prohibited. 
~ Allowable fatigue stress range on throat of fillet welds {r.ansve.rsely loaded is a function of the effective thrOOl and piate thickness. (See rnuk and 

fishc, Journal of the Structural Division, ASCE, Vol. 105, No. S19, Sept. 1979.) 

~, «: (0.06 +O.J9HI" ) 
S, ~ I I I ifti . , 

':-. ~ L. __ ._ 
4t~· ···~· 

""'here S';. is equallO the allo\J,-abie slrcS$ range forC1ttcgory C given in Table 1O.3 .1A. This assumes no penecration at tbe wcld root. 

t-Guu:c.t' plat¢s attached to gin:k:r flanse surfaces with only tr:l!.OSVUSC fillet welds are prohibited. 

'See Wattar. AlbreGht and Sahli, Journal of Structural Engineering, ASCE. Vol. ro, No.6, June 1985. pp. 1235-1249. 

Table 4 (Cont'd) 
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Figure A Fatigue Categories 
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APPENDIX A 

REVENUE CAR LOAD TABLES 

NOTE: 

The following moment, shear and reaction tables are provided only as a guide. See Figure A and 
following sketches for further description of Revenue Vehicles. Each individual case should be 
verified by the rating engineer. 
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#4 OVERHAULED BLUE LINE RAPID TRANSIT CAR ON ORANGE LINE 

LOADINGS: 

EMpty Vehicle = 60,800 lbs 
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#12 ORANGE LINE RAPID TRANSIT CAR 

LOADINGS. 
EMpty Vehicle = 68,780 lbs 

M~x. Crush Lo~d = 34,720 lbs 

Actu~l "'eight of Fully Lo~ded C~r = 103,500 lbs 

R~tlng Loa.d for Fully Lo~ded Ca.r= 104,000 lbs 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 

e #3 RED LINE RAIL TRANSIT CAR 4 AXLES @ 30 KIPS EA 
MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 

(6 CARS) 

SPAN LENGTH (FT) MAX SHEAR (K) 

5.00 30.00 
10.00 39.51 
15.00 46.34 
20.00 51.51 
25.00 59.21 
30.00 68.68 
35.00 76.01 
40.00 81.85 
45.00 85.89 
50.00 89.21 
55.00 92.01 
60.00 94.34 
65.00 96.31 
70.00 98.08 
75.00 101 .54 
80.00 105.82 
85.00 110.18 
90.00 114.51 
95.00 119.54 

100.00 125.41 
105.00 130.87 
110.00 135.83 
115.00 140.36 
120.00 144.51 
125.00 148.33 
130.00 151 .86 
135.00 155.12 
140.00 158.22 
145.00 162.08 
150.00 166.38 

AT DISTANCE X (FT) MAX. MOMENT (K-FT) 

AT SUPPORT 37.35 
AT SUPPORT 75.00 
AT SUPPORT 132.97 
AT SUPPORT 206.23 
AT SUPPORT 279.9 
AT SUPPORT 390.30 
AT SUPPORT 515.20 
AT SUPPORT 661 .70 
AT SUPPORT 806.90 
AT SUPPORT 953.40 
AT SUPPORT 1098.60 
AT SUPPORT 1243.60 
AT SUPPORT 1389.60 
AT SUPPORT 1536.70 
AT SUPPORT 1685.1 0 
AT SUPPORT 1835.10 
AT SUPPORT 1985.10 
AT SUPPORT 2135.10 
AT SUPPORT 2285.10 
AT SUPPORT 2435.10 
AT SUPPORT 2607.45 
AT SUPPORT 2827.18 
AT SUPPORT 3044.98 
AT SUPPORT 3266.48 
AT SUPPORT 3542.90 
AT SUPPORT 3835.20 
AT SUPPORT 4126.20 
AT SUPPORT 4418.50 
AT SUPPORT 4709.50 
AT SUPPORT 5001 .80 

NOTE: Distance X refers to distance from 
left support. 
Impact is not included 
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AT DISTANCE X (FT) 

2.50 
5.00 
6.25 
11.67 
12.50 
15.00 
14.58 
23.33 
18.75 
29. 17 
22.92 
25.00 
37.92 
29.17 
37.50 
40.00 
42.50 
45.00 
47.50 
50.00 
52.50 
64.17 
47.92 
50.00 
72.92 
54.17 
78.75 
58.33 
84.58 
62.50 
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GUIDELINES FOR LOAD RATING MBT A TRANSIT BRIDGES 

#7 GREEN LINE RAIL TRANSIT CAR 6 AXLES, 4 @ 24 KIPS, 2 @ 16.5 KIPS 
MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 

(3 CARS) 

SPAN LENGTH (FT) MAX SHEAR (K) 

5.00 24.00 
10.00 33.00 
15.00 38.00 
20.00 40.50 
25.00 43 .32 
30.00 47 .26 
35.00 5208 
40.00 55.69 
45.00 59.46 
50.00 63.12 
55.00 67.72 
60.00 72.83 
65.00 77.15 
70.00 80.85 
75.00 84.38 
80.00 88.67 
85.00 93.80 
90.00 98.42 
95.00 102.55 
100.00 106.77 
105.00 111 .18 
110.00 115.67 
115.00 119.77 
120.00 123.53 
125.00 127.95 
130.00 132.72 
135.00 132.72 
140.00 141 .67 
145.00 145.68 
150.00 149.42 

AT DISTANCE X (FT) MAX. MOMENT (K-FT) 

AT SUPPORT 28.00 
AT SUPPORT 60.00 
AT SUPPORT 111.50 
AT SUPPORT 169.50 
AT SUPPORT 227.50 
AT SUPPORT 285.50 
AT SUPPORT 347.25 
AT SUPPORT 431.81 
AT SUPPORT 522.72 
AT SUPPORT 621.97 
AT SUPPORT 721.22 
AT SUPPORT 83606 
AT SUPPORT 989.44 
AT SUPPORT 1154.44 
AT SUPPORT 1311 .94 
AT SUPPORT 1476.94 
AT SUPPORT 1634.44 
AT SUPPORT 1815.56 
AT SUPPORT 2022.94 
AT SUPPORT 224606 
AT SUPPORT 2475.75 
AT SUPPORT 2721 .56 
AT SUPPORT 2965.50 
AT SUPPORT 3228.00 
AT SUPPORT 3490.50 
AT SUPPORT 3753.00 
AT SUPPORT 3753.00 
AT SUPPORT 4305.00 
AT SUPPORT 4594.50 
AT SUPPORT 4902.00 

NOTE: Distance X refers to distance from 
left support. 
Impact is not included 
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AT DISTANCE X (FT) 

2.92 
5.00 
8.75 
8.33 
14.58 
17.50 
17.50 
20.00 
26.25 
20.83 
32.08 
30.00 
32.50 
35.00 
37.50 
40.00 
42.50 
45 .00 
47 .50 
50.00 
52.50 
55.00 
57.50 
60.00 
62 .50 
65.00 
65.00 
70.00 
72.50 
75.00 
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GUIDELL'\'ES FOR LOAD RATING MBTA TRANSIT BRIDGES 

#4 OVERHAULED BLUE LINE CAR ON ORANGE LINE 
4 AXLES @ 21.5 KIPS EA 
MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 

(8 CARS) 

SPAN LENGTH (FT) MAX SHEAR (K) AT DISTANCE X (FT) MAX. MOMENT (K-FT) 

5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75.00 
80.00 
85.00 
90.00 
95.00 
100.00 
105.00 
110.00 
115.00 
120.00 
125.00 
130.00 
135.00 
140.00 
145.00 
150.00 

21.50 AT SUPPORT 
28.32 AT SUPPORT 
33.21 AT SUPPORT 
38.28 AT SUPPORT 
4408 AT SUPPORT 
5107 AT SUPPORT 
56.06 AT SUPPORT 
59.80 AT SUPPORT 
62.71 AT SUPPORT 
65.54 AT SUPPORT 

I 69.35 AT SUPPORT 
74.08 AT SUPPORT 
78.30 AT SUPPORT 
83.05 AT SUPPORT 
88.06 AT SUPPORT 
93.30 AT SUPPORT 
97.94 AT SUPPORT 

102.05 AT SUPPORT 
105.73 AT SUPPORT 
109.55 AT SUPPORT 
113.64 AT SUPPORT 
118.25 AT SUPPORT 
122.46 AT SUPPORT 
127.18 AT SUPPORT 
132.07 AT SUPPORT 
136.91 AT SUPPORT 
141 .39 AT SUPPORT 
145.56 AT SUPPORT 
149.44 AT SUPPORT 
153.55 AT SUPPORT 

NOTE: Distance X refers to distance from left 
support. 
Impact is not included 
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26.77 
53.75 
95.37 
147.83 
214.89 
295.52 
393.06 
497.98 
602.11 
707.03 
81 1.16 
916.08 
1033.72 
1168 .10 
1313.81 
1471 .19 
1634.73 
1838.25 
2046.87 
2256.35 
2465.05 
2696.53 
2958.29 
3232.31 
3527.94 
3823.56 
4131 .87 
4454.37 
4776.87 
5099.37 

AT DISTANCE X (FT) 

2.50 
5.00 
6.25 
11 .67 
12.50 
15.00 
14.58 
23.33 
18.75 
29.17 
22.92 
35.00 
32.50 
35.00 
43.75 
46.67 
35.42 
52.50 
55.42 
58.33 
61 .25 
55.00 
57.50 
60.00 
62.50 
65.00 
67.50 
70.00 
72.50 
75.00 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 

#5 BLUE LINE CAR 4 AXLES @ 23 KIPS EA 
MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 

(6 CARS) 

SPAN LENGTH MAX SHEAR (K) AT DISTANCE X (FT) MAX. MOMENT (K-FT) 
(FT) 
5.00 

10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75.00 
80.00 
85.00 
90.00 
95.00 
100.00 
105.00 
110.00 
115.00 
120.00 
125.00 
130.00 
135.00 
140.00 
145.00 
150.00 

23.00 AT SUPPORT 
30.29 AT SUPPORT 
35.53 AT SUPPORT 
41 .02 AT SUPPORT 
47.23 AT SUPPORT 
54.69 AT SUPPORT 
60.02 AT SUPPORT 
64.02 AT SUPPORT 
67. 13 AT SUPPORT 
70. 15 AT SUPPORT 
74.23 AT SUPPORT 
79.29 AT SUPPORT 
83.81 AT SUPPORT 
88.88 AT SUPPORT 
94.25 AT SUPPORT 
99.86 AT SUPPORT 
104.81 AT SUPPORT 
109.21 AT SUPPORT 
113.15 AT SUPPORT 
117.23 AT SUPPORT 
121.62 AT SUPPORT 
126.54 AT SUPPORT 
131 .04 AT SUPPORT 
136.09 AT SUPPORT 
141 .32 AT SUPPORT 
146.50 AT SUPPORT 
151.30 AT SUPPORT 
155.75 AT SUPPORT 
159.90 AT SUPPORT 
164.31 AT SUPPORT 

NOTE: Distance X refers to distance 
from left support. 
Impact is not included 
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28.75 
57.5 

101 .99 
158.14 
230.00 
316.25 
420.40 
532.80 
644.04 
756.43 
867.67 
980.07 
1105 .96 
1249.71 
1405.36 
1573.95 
1748.77 
1966.65 
2189.52 
2413.77 
2636.95 
2884.77 
3164.69 
3457.82 
3774.18 
4090.32 
4420 .14 
4765. 14 
5110.14 
5455.14 

AT DISTANCE X (FT) 

2.50 
5.00 
6.35 
11.67 
12.50 
15.00 
14.58 
16.67 
18.75 
29.17 
22.92 
35.00 
32.50 
35.00 
31.25 
46.67 
35.42 
52.50 
39.58 
41 .67 
61 .25 
55.00 
57.50 
60.00 
62.50 
65.00 
67.50 
70.00 
72.50 
75.00 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 

#12 ORANGE LINE CAR 4 AXLES @ 26 KIPS EA 
MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 

(6 CARS) 

SPAN LENGTH MAX SHEAR (K) AT DISTANCE X (FT) MAX. MOMENT (K-FT) 
(FT) 
5.00 

10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75.00 
80.00 
85.00 
90.00 
95.00 
100.00 
105.00 
110.00 
115.00 
120.00 
125.00 
130.00 
135.00 
140.00 
145.00 
150.00 

26.00 AT SUPPORT 
34.24 AT SUPPORT 
40.16 AT SUPPORT 
44.64 AT SUPPORT 
51 .31 AT SUPPORT 
59.52 AT SUPPORT 
65.87 AT SUPPORT 
70.64 AT SUPPORT 
74.35 AT SUPPORT 
77.31 AT SUPPORT 
79.74 AT SUPPORT 
81 .76 AT SUPPORT 
83.47 AT SUPPORT 
86.67 AT SUPPORT 
90.54 AT SUPPORT 
94.63 AT SUPPORT 
98.50 AT SUPPORT 
103.14 AT SUPPORT 
108.39 AT SUPPORT 
113.37 AT SUPPORT 
117.87 AT SUPPORT 
121 .97 AT SUPPORT 
125.71 AT SUPPORT 
129.14 AT SUPPORT 
132.29 AT SUPPORT 
135.21 AT SUPPORT 
138.74 AT SUPPORT 
142.61 AT SUPPORT 
146.65 AT SUPPORT 
150.02 AT SUPPORT 

NOTE: Distance X refers to distance 
from left support. 
Impact is not included 
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32.50 
65.00 
115.29 
178.77 
242.71 
340.21 
446.51 
573.47 
699.31 
826.28 
952.03 
1079.09 
1204.84 
1331 .81 
1460.42 
1590.42 
1720.42 
1850.42 
1993.42 
2168.55 
2357.14 
2547.72 
2759.90 
3013.31 
3265.43 
3518.84 
3771 .04 
4024.37 
4276.57 
4565.47 

AT DISTANCE X (FT) 

2.50 
5.00 
6.25 
11.67 
12.50 
15.00 
14.58 
16.67 
18.75 
29.17 
22.92 
25.00 
2708 
29.17 
37.50 
40.00 
42.50 
45.00 
47.50 
41 .67 
43.75 
64.17 
6708 
50.00 
72.92 
54.17 
78.75 
58.33 
84.58 
75.00 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 

ASHMONT-MA TTAPAN HSL pee eAR 4 AXLES @ 15 KIPS EA 
MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 

(2 CARS) 

SPAN LENGTH MAX SHEAR (K) AT DISTANCE X (FT) MAX. MOMENT (K-FT) AT DISTANCE X (FT) 
(FT) 
5.00 

10.00 

15.00 

20.00 

25.00 

30.00 

35.00 

40.00 

45.00 

50.00 

55.00 

60.00 

53.46 

70.00 

75.00 

80.00 

85.00 

90.00 

95.00 

100.00 

105.00 

110.00 

115.00 

120.00 

125.00 

130.00 

135.00 

140.00 

145.00 

150.00 

14.49 AT SUPPORT 

20.49 AT SUPPORT 

23.66 AT SUPPORT 

25.25 AT SUPPORT 

26.99 AT SUPPORT 

30.41 AT SUPPORT 

34.64 AT SUPPORT 

37.81 AT SUPPORT 

40.83 AT SUPPORT 

43.52 AT SUPPORT 

46.81 AT SUPPORT 

50.41 AT SUPPORT 

60.59 AT SUPPORT 

56.07 AT SUPPORT 

59.30 AT SUPPORT 

62.87 AT SUPPORT 

66.23 AT SUPPORT 

69.22 AT SUPPORT 

71 .89 AT SUPPORT 

74.30 AT SUPPORT 

76.47 AT SUPPORT 

78.45 AT SUPPORT 

80.26 AT SUPPORT 

81.91 AT SUPPORT 

83.44 AT SUPPORT 

84.84 AT SUPPORT 

86.15 AT SUPPORT 

87.35 AT SUPPORT 

88.48 AT SUPPORT 

89.53 AT SUPPORT 

NOTE: Distance X refers to 
distance from left 

support. 
Impact is not included 
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18.75 2.50 

37.50 5.00 

71 .87 8.75 

108.33 8.33 

144.75 14.58 

181 .25 17.50 

225.00 14.58 

283.12 23.33 

356.88 18.75 

429.77 20.83 

504.37 27.50 

598.12 30.00 

706.20 32.50 

818.70 35.00 

931.20 37.50 

104370 40.00 

1163.70 42.50 

1295.35 37.50 

1441 .55 39.58 

1587.00 58.33 

1733.25 61.25 

1878.25 64.17 

2027.40 57.40 

2177.40 60 .00 

2327.40 62 .50 

2477.40 65.00 

2627.40 67 .50 

2777.40 70.00 

2927.40 72.50 

3077.40 75.00 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 

APPENDIXB 
Work Car Configurations 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 
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GUIDELINES FOR LOAD RATING M.BTA TRANSIT BRIDGES 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 
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GUIDELTh'ES FOR LOAD RATING MBTA TRANSIT BRIDGES 

APPENDIXC 

WORK CAR LOAD TABLES 

NOTE: 

The following moment, shear and reaction tables are provided only as a guide. See Appendix B for 
description of Work Vehicles. 

Note for most simple spans to 150 feet, Work Car Combination V governs for both shear and moment. 

Each individual case should be verified by the rating engineer. 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 

MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 

Work Car Consist No I = 1 Loco (04443) + 2 Ballast + 1 Tamper 

SPAN LENGTH MAX SHEAR (K) AT DISTANCE X (FT) MAX. MOMENT (K-FT) 
(FT) 
5.00 

10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75.00 
80.00 
85.00 
90.00 
95.00 

100.00 
105.00 
110.00 
115.00 
120.00 
125.00 
130.00 
135.00 
140.00 
145.00 
150.00 

35.42 AT SUPPORT 
46.89 AT SUPPORT 
56.59 AT SUPPORT 
61.45 AT SUPPORT 
68.85 AT SUPPORT 
75.87 AT SUPPORT 
81 .99 AT SUPPORT 
90.74 AT SUPPORT 

I 97.55 AT SUPPORT 
105.71 AT SUPPORT 
11 3.10 AT SUPPORT 
119.26 AT SUPPORT 
124.47 AT SUPPORT 
130.72 AT SUPPORT 
137.30 AT SUPPORT 
144.47 AT SUPPORT 
150.80 AT SUPPORT 
156.42 AT SUPPORT 
161.45 AT SUPPORT 
165.98 AT SUPPORT 
171 .35 AT SUPPORT 
176.60 AT SUPPORT 
181.40 AT SUPPORT 
185.80 AT SUPPORT 
189.95 AT SUPPORT 
193.59 AT SUPPORT 
197.05 AT SUPPORT 
200.26 AT SUPPORT 
203.25 AT SUPPORT 
206.04 AT SUPPORT 

NOTE: Distance X refers to distance from left 
support. 
Impact is not included 
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46.11 
93.48 
157.76 
250.48 
342.95 
442.90 
581 .65 
720.40 
859.15 
1025.11 
1258.86 
1492.61 
1726.36 
1960.11 
2193.86 
2467.70 
2767.07 
3094.57 
3422.07 
3755.82 
4114.57 
4473.32 
4832.07 
5190.82 
5564.97 
5967.47 
6369.97 
6772.47 
7174.97 
7577.47 

AT DISTANCE X (FT) 

2.92 
5.00 
8.75 
8.33 
10.42 
15.00 
17.50 
20.00 
22.50 
25.00 
27.50 
30.00 
32.50 
35.00 
37.50 
40.00 
42.50 
45.00 
47.50 
50.00 
52.50 
55.00 
57.50 
60.00 
62.50 
65.00 
67.50 
70.00 
72.50 
75.00 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 

MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 

Work Car Consist No II " 2 Flat Cars (04446 + 04447) + 1 Flat Car w/Crane (04441) 

SPAN LENGTH MAX SHEAR (K) AT DISTANCE X 
(FT) 
5.00 

10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70 .00 
75.00 
80.00 
85.00 
90.00 
95.00 

100.00 
105.00 
110.00 
115.00 
120.00 
125.00 
130.00 
135.00 
140.00 
145.00 
150.00 

(FT) 

24.80 AT SUPPORT 
35.37 AT SUPPORT 
40.55 AT SUPPORT 
45.55 AT SUPPORT 
52.52 AT SUPPORT 
60.43 AT SUPPORT 
66.09 AT SUPPORT 
70.32 AT SUPPORT 
74.15 AT SUPPORT 
77.94 AT SUPPORT 
83.01 AT SUPPORT 
88.59 AT SUPPORT 
93.32 AT SUPPORT 
99.08 AT SUPPORT 
105.12 AT SUPPORT 
111 .05 AT SUPPORT 
116.29 AT SUPPORT 
120.94 AT SUPPORT 
123.10 AT SUPPORT 
128.84 AT SUPPORT 
132.21 AT SUPPORT 
137.57 AT SUPPORT 
142.45 AT SUPPORT 
146.94 AT SUPPORT 
151 .06 AT SUPPORT 
154.86 AT SUPPORT 
158.39 AT SUPPORT 
161 .66 AT SUPPORT 
164.71 AT SUPPORT 
167.55 AT SUPPORT 

NOTE: Distance X refers to distance from left 
support. 
Impact is not included 
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MAX. MOMENT (K-FT) 

31.25 
63.83 
123.19 
183.98 
248.75 
341.50 
459.17 
582.08 
703.00 
832.92 
946.67 
1067.50 
1215.38 
1377.65 
1559.90 
1743.15 
1945.25 
2183.37 
2427.12 
2670.88 
2930.38 
3219.63 
3532.13 
3844.63 
4157.13 
4469.63 
4782.13 
5094.63 
5407.13 
5719.63 

AT DISTANCE X (FT) 

2.50 
3.33 
6.25 
8.33 
10.42 
15.00 
14.58 
23.33 
26.25 
20.83 
22.92 
25.00 
32.50 
40.83 
31.25 
33.33 
49.58 
52.50 
55.42 
58.33 
52.50 
55.00 
57.50 
60.00 
62.50 
65 .00 
67.50 
70.00 
72 .50 
75.00 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 

MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 

Work Car Consist No III = 1 Locomotive (04443) +1 Flat Car (0526) 

SPAN LENGTH (FT) MAX SHEAR (K) AT DISTANCE X (FT) MAX. MOMENT (K-FT) 

5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75.00 
80.00 
85.00 
90.00 
95.00 

100.00 
105.00 
110.00 
115.00 
120.00 
125.00 
130.00 
135.00 
140.00 
145.00 
150.00 

24.60 
31.87 
37.91 
41 .56 
48.25 
55.41 
61.78 
67.46 
73.58 
80.04 
85.33 
89.73 
93.46 
97.12 

101.31 
106.00 
110. 14 
113.82 
117.12 
120.08 
122.76 
125.20 
127.43 
129.47 
131.35 
133.08 
134.68 
136.17 
137.56 
138.85 

NOTE: Distance X refers 
to distance from 
left support. 
Impact is not 
included 

AT SUPPORT 30.33 
AT SUPPORT 62.50 
AT SUPPORT 106.77 
AT SUPPORT 167.19 
AT SUPPORT 230.37 
AT SUPPORT 315.62 
AT SUPPORT 414.06 
AT SUPPORT 534.38 
AT SUPPORT 674.65 
AT SUPPORT 824.30 
AT SUPPORT 1000.00 
AT SUPPORT 1169.80 
AT SUPPORT 1345.50 
AT SUPPORT 1515.30 
AT SUPPORT 1691 .00 
AT SUPPORT 1860.80 
AT SUPPORT 2036 .50 
AT SUPPORT 2206.30 
AT SUPPORT 2395.13 
AT SUPPORT 2613.12 
AT SUPPORT 2833.27 
AT SUPPORT 3054.12 
AT SUPPORT 3274.27 
AT SUPPORT 3495.12 
AT SUPPORT 3715.27 
AT SUPPORT 3936.12 
AT SUPPORT 4156.27 
AT SUPPORT 4377 .12 
AT SUPPORT 4597.27 
AT SUPPORT 4818.12 

AT DISTANCE X (FT) 

2.92 
5.00 
6.25 
8.33 
12.50 
15.00 
20.42 
16.67 
22.50 
25.00 
27.50 
30.00 
32.50 
35.00 
37.50 
40.00 
42.50 
45.00 
47.50 
50.00 
52.50 
55.00 
57.50 
60.00 
62.50 
65.00 
67.50 
70.00 
72.50 
75.00 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 

MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 

~ Work Car Consist No IV = 1 Flat Car (04449) + 4 Work Motor Cars (01400) 

SPAN LENGTH MAX SHEAR (K) AT DISTANCE X (FT) 
(FT) 
5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75.00 
80.00 
85.00 
90.00 
95.00 

100.00 
105.00 
110.00 
115.00 
120.00 
125.00 
130.00 
135.00 
140.00 
145.00 
150.00 

28.50 AT SUPPORT 
37.53 AT SUPPORT 
44.02 AT SUPPORT 
47.29 AT SUPPORT 
56.29 AT SUPPORT 
63.18 AT SUPPORT 
72.28 AT SUPPORT 
75.84 AT SUPPORT 
81 .55 AT SUPPORT 
83.47 AT SUPPORT 
87.45 AT SUPPORT 
91 .78 AT SUPPORT 
94.38 AT SUPPORT 
101 .10 AT SUPPORT 
102.73 AT SUPPORT 
108.08 AT SUPPORT 
109.11 AT SUPPORT 
113.52 AT SUPPORT 
114.16 AT SUPPORT 
117.87 AT SUPPORT 
124.41 AT SUPPORT 
127.48 AT SUPPORT 
133.42 AT SUPPORT 
135.86 AT SUPPORT 
140.99 AT SUPPORT 
144.62 AT SUPPORT 
147.43 AT SUPPORT 
153.64 AT SUPPORT 
155.82 AT SUPPORT 
161.47 AT SUPPORT 

NOTE: Distance X refers to distance from left 
support. 
Impact is not included 
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MAX. MOMENT (K-FT) 

34.49 
71 .25 
126.33 
195.20 
265.49 
368.22 
490.39 
629.28 
767.03 
904.78 
1044.43 
1180.28 
1319.93 
1459.49 
1609.62 
1807.62 
2005.62 
2200.12 
2394.62 
2592.62 
2790.62 
2895.12 
3179.62 
3377.62 
3575.62 
3813.80 
4076.49 
4366.54 
4696.96 
5027.38 

AT DISTANCE X (FT) 

2.50 
5.00 
6.26 
8.33 
12.50 
15.00 
20.42 
16.67 
18.75 
20.83 
32.08 
25.00 
37.92 
35.00 
37.50 
40.00 
42.50 
45.00 
47.50 
50.00 
52.50 
55.00 
57.50 
60.00 
62.50 
65.00 
67.50 
58.33 
60.42 
62.50 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 

MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM 

• Work Car Consist No V = 1 Loco (04443) + 4 Ballast cars 

SPAN LENGTH MAX SHEAR (K) AT DISTANCE X (FT) MAX. MOMENT (K-FT) AT DISTANCE X (FT) 
(FT) 
5.00 38.00 AT SUPPORT 47.50 2.50 
10.00 47.50 AT SUPPORT 95.00 5.00 
15.00 57.00 AT SUPPORT 158.33 10.00 
20.00 61.75 AT SUPPORT 249.09 11 .67 
25.00 66.45 AT SUPPORT 342.95 10.42 
30.00 73.36 AT SUPPORT 435.42 17.50 
35.00 82.34 AT SUPPORT 548.63 17.50 
40.00 91.04 AT SUPPORT 674.87 20.00 
45.00 97.82 AT SUPPORT 833.47 26.25 
50.00 104.53 AT SUPPORT 1019.16 20.83 
55.00 111 .27 AT SUPPORT 1213.34 27.50 
60.00 119.05 AT SUPPORT 1448.94 30.00 
65.00 127.43 AT SUPPORT 1694.42 32.50 
70.00 134.62 AT SUPPORT 1979.42 35.00 
75.00 141.46 AT SUPPORT 2264.42 37.50 
80.00 149.10 AT SUPPORT 2550.54 40.00 
85.00 157.51 AT SUPPORT 2866.79 42.50 
90.00 165.65 AT SUPPORT 3183.05 45.00 
95.00 172.93 AT SUPPORT 3516.50 I 47.50 
100.00 180.25 AT SUPPORT 3896.21 50.00 
105.00 187.54 AT SUPPORT 4307.46 52.50 
110.00 195.10 AT SUPPORT 4722.97 55.00 
115.00 20201 AT SUPPORT 5165.47 57.50 
120.00 209.09 AT SUPPORT 5607.96 60.00 
125.00 216.16 AT SUPPORT 6050.46 62.50 
130.00 223.38 AT SUPPORT 6492.97 65.00 
135.00 230.07 AT SUPPORT 6949.59 I 67.50 
140.00 236.28 AT SUPPORT 7454.59 70.00 
145.00 242.07 AT SUPPORT 7959.59 72.50 
150.00 247.46 AT SUPPORT 8464.59 75.00 

NOTE: Distance X refers to distance from left support. 
Impact is not included 
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES 

MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM o Work Car Consist No VI = 1 Loco (04443) + 2 Ballast cars + 
1 Loco (04443) + 2 Ballast + 1 Loco (04443) + 2 Ballast) 

SPAN LENGTH MAX SHEAR (K) AT DISTANCE X (FT) 
(FT) 
5.00 

10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75.00 
80.00 
85.00 
90.00 
95 .00 

100.00 
105.00 
110.00 
115.00 
120.00 
125.00 
130.00 
135.00 
140.00 
145.00 
150.00 

38.00 AT SUPPORT 
47.50 AT SUPPORT 
57.00 AT SUPPORT 
61.75 AT SUPPORT 
66.73 AT SUPPORT 
73.66 AT SUPPORT 
82.34 AT SUPPORT 
91.04 AT SUPPORT 
97.82 AT SUPPORT 
104.53 AT SUPPORT 
111 .27 AT SUPPORT 
118.83 AT SUPPORT 
125.23 AT SUPPORT 
131.82 AT SUPPORT 
138.45 AT SUPPORT 
145.54 AT SUPPORT 
151.80 AT SUPPORT 
157.59 AT SUPPORT 
164.56 AT SUPPORT 
171.97 AT SUPPORT 
179.40 AT SUPPORT 
186.16 AT SUPPORT 
192.63 AT SUPPORT 
199.85 AT SUPPORT 
207.54 AT SUPPORT 
215.10 AT SUPPORT 
222.09 AT SUPPORT 
229.14 AT SUPPORT 
236.18 AT SUPPORT 
243.44 AT SUPPORT 

NOTE: Distance X refers to distance from left 
support. 
Impact is not included 
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MAX. MOMENT (K-FT) 

47.50 
95.00 
158.33 
249.09 
342.95 
435.42 
549.50 
675.75 
833.47 
1019.16 
1214.21 
1435.46 
1686.84 
1939.34 
2191 .84 
2445.58 
2731 .34 
3046.34 
3365.71 
3717.08 
4094.59 
447209 
4849.59 
5234.58 
5643.33 
6053.60 
6520.48 
7014 .26 
7518.01 
8032.38 

AT DISTANCE X (FT) 

2.50 
5.00 
10.00 
11.67 
10.42 
17.50 
17.50 
20.00 
26.25 
20.83 
27 .50 
30.00 
32.50 
35.00 
37.50 
40 .00 
42.50 
45.00 
47 .50 
50.00 
52.50 
55.00 
57.50 
60.00 
62.50 
65.00 
67.50 
70.00 
72.50 
75.00 
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