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A.

GENERAL

Al

Assumptions. These specifications shall be used for determining 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 thru year 2001 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, intenms,
etc. shall be used.

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 judgment 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.

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 Inveuntory 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.1

B2

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

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

Pounds per

cubic foot
TRl ot 490
CONCTELE vttt eaa e e 150
Sand, gravel, and ballast .........ccccooviivieiiiienc 120
Asphalt-mastic and bituminous macadam ............ccceceeeinn. 150
GYAIITE. ... e civeaee e bbb ea et s eeai e e e ae e ee s e e n e e enaeaane 170
Paving Bricks . ..o 150
TImDeT. o 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.

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 1. 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

PK PK PK PK PK PK PK K

LU el

A Bl c |8 A B| ¢ |8 A
| -
i
DIMENSIONS
AXLE WEIGHT TOTAL MIN-MAX
LINE CAR A B c P= WEIGHT CONSIST
Blue #5 245 683  10.67 23K 92K 210 6 Cars
Orange  #12 3967 683 120 26K 104K 210 6 Cars
(OHBL)*  #4 245 683  10.67" 215K g6 K 210 8 Cars
Red 3 4447 683 120 30K 120K 2to 6 Cars
Ashmont-** PCC 1675 6.00' 18.67 15K 60K 1102 Cars
Maftapan
h'd ' ¥ ¥ 4 ¥ X

6.25' 18.78'
|

TOTAL MIN-MAX
LINE CAR (AXLE LOADS SHOWN}) WEIGHT CONSIST
Green #7 SRC 129 K 1to 3 Cars

* Overhauled Blue Line Car Used on Orange Line
**Ashmont-MatTapan Structures Will Also Be Rated For #7 Cars (SRC) - 1to 2 Cars
Note: Future Car Loads Will Be Used When Available if Higher

3/03/03

Figure A Revenue Vehicles
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Work Car Type Design Total Load (Ibs) | Design Axle Load (lbs) |
#0526 Flat Car 76,400 19,100
#01400 Motor Car 114,000 28,500
#04441 Flat Car with Crane 100,000 25,000
#04443 700 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 Type | Work Car Combinations

1 700 HP Diesel Locomotive (04443) + Two Ballast Cars + One Tamper

il Two Flat Cars (#04446/#04447) + Flat Car With Crane (#04441)

11 700 HP Diesel Locomotive (04443) + Flat Car (#0526)

v Flat Car (#04449) + Four Work Motor Cars (#01400 Series)

\% 700 HP Diesel Locomotive (04443) + Four Ballast Cars

VI* 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 combination shall be used for long and multiple span structures to provide maximum loading 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.
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B.3  Impact Load (T)

(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 rail.

The percentage to be used for impact shall be computed from the following

formulas:
I= >0 (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 ftracks - full impact on any two tracks which produces the
critical loading.

(c) [tems to Which Impact Applies

. Superstructure, including steel or concrete supporting columns,
stee] towers, legs of rigid frames, and generally those portions of
the structure which extend down to the main foundation.

. The portion of concrete or steel piles above the ground line which
18 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 walls, wall-type piers and piles.

. Foundations and footings.

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

o Concrete subway or depressed section slab resting on earth.

B.4  Centrifugal Load (CF)

(a)

(b)

(©)

(d)

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.

_ looy?
32.2R

CF =0.00117S*D or C

Where S = speed, miles per hour
D = degree of curve
V = speed, feet per second
R = radius of curve in feet
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.

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

For rating purposes S shall be assumed at 60MPH.
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C.

B.S5

B.6

B.7

B.8

Lateral Load from Wind (W) including Nosing

A lateral load of 450 Ibs. per lineal foot shall be applied as a moving load in a
horizontal direction. This is to consist of, 150 Ibs. per lineal foot for nosing,
transversely applied at the base of rail and 300 lbs. per lineal foot for wind in any
horizontal direction applied at 6 1/2 feet above the top of rail. In addition to the above,
a lateral load of 30 lbs. 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.

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) Where 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).

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 his/her

1investigation, determines that they are especially important. Refer to AREMA for loads
and forces.

Friction Foree (F)

For sliding shoes supporting bridge members, friction applicable to the material shall
be used, but 1n no case less than 10 percent of the vertical load.

LOAD COMBINATIONS FOR RATINGS

C.1

Inventory Rating

DL + LL +1+ CF @ 100% of inventory stress
DL+LL+1+CF+W+LF+F@ 125% of inventory stress
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C.2

C3

C4

Operating Rating

DL +LL + 1+ CF @ 100% of operating stress
DL+LL+]+CF+W+LF+F @ 125% of operating stress

Wind, LF, and F will normally be considered when rating column bents, towers, and
piers unless the Engineer, as a result of his/her investigation determines they are
important in other members.

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 VEHICLE SPEED

D.I

D2

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 summary sheet shall have this value noted.

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

0.8 2 .
l-——(60-S)" |>0.2 where S = speed in mph.
{ 2500( ) } where S = sp mp

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

E. DISTRIBUTION OF LIVE LOADS

E. 1

General
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The following conditions shall be accounted 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.

E2 Ballasted Deck Structures

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

1. 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 under the
tie, plus twice the effective depth of slab, limited, however, by the axle
spacing or 7 feet.

Page 13 of 71 Rev. March 2004



GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES

o

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.

(O8]

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

1. 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 width equal to the length of tie 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:

1.154D
5

P

Where P = load on a beam from one track

A = axle load
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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

1 = moment of inertia of beam (in) *
h = thickness of concrete deck slab, 1n.
H = nl/ah’

D = effective beam spacing, ft.

For moment: D=4 1 [0.4 + 1 i @}

4 d 12

\ aH
but not greater than d or S.
For end shear: D =d
b. The load P shall be applied as two equal concentrated loads on

each beam at each rail, equal to P/2. No lateral distribution of
such loads shall be assumed

c. 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.

d. 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.

e. 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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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.

b. 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.

E3 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 whee!l 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.

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.

Where two or more longitudinal beams per rail are properly diaphragmed and
symmetrically spaced under the rail, they may be considered as equally loaded.

F. SPAN LENGTHS

F.1 Concrete Structures

(2)

(b)

©)

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.

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.

Effective span length of slabs shall be as follows:

1. 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 of floorbeam.
For 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

G.1 Computation of stresses

(a) Stresses shall be computed for the details as well as the main members,
giving 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 the 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.

H. ALLOWABLE STRESS METHOD

H.1 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 manufacture is sub-standard, the allowable stresses shall be fixed
by the Engineer, based on his field investigation, and shall be substituted for the 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 structural member.
When non-specification metals are encountered, coupon testing may be used to

Page 18 of 71 Rev. March 2004



GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES

determine yield point. When information on specifications of the steel is not avatlable,
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.
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TABLE 6.6.2.1-1

INVENTORY RATING ALLOWABLE STRESSES (psi)

Siticen
DATE BLUHWT STEEL UNKNOAVH Swel
Curtron Ovee 27 Nivkel -8 ol Over §-17%
Prios to 1905 1905 10 1936 1930 0 196} Afier 1963 Stee} X Sezel Under o 37 snel
AASHTO Dasipnativn " M UOE6E M 95019613 M 9601961
ASTM Deslganyion A RIB6T A RIQ966) A BUIGGI) hY4 A4
Wisifmunr Tensite Steeagth ¥, 52600 0,000 000 V4O 9,000 75.000 72.000
Minhrum Yiell Point & 20,000 A0LEA A3000 36,086 KXV 43 D% S5000 S0 27,0645
Axial ension in menibens with no heles for lgh
surengh bolts or dvets. Use et section when U558, 14.000 16,080 18X 20,00 18 KRi 24K 30,600 22,000 23,060
mermbyr Bias may open holes larper S §-147 nA6F, NOT AIPLICABLE
diany such 88 perfomtions
Axial weasion fiv iembers witheles for liigh stretiph w (jxr(L.l;' (4,000 600 18,000 20,080 HRQ) 29 (AKs 300,00 27 5% pRRuLH
bolts or rivers dud tension n cxprome fiter of rofled j@ g Section
shapes, pirderk, and  built-up  sections  subjert 53 Q.89F,
W bending 35
< Whecn (e aren of holes deducted for bigh ¥ % Net 26,004 ALR0 0000 0.0 30,000 25,00 43,000 37.500 26,004
sirength balis or riveis is weore than 5 = Scction
percent af the gross arca, thet seea in D.50F, )
excess nf )35 porcent shall be_detlyeted Trom Net N ALPLIGABLE
the poss afeq in detcrining steess on e Suction
gross seution, n deicemining groas seetion, GAGE,
ary open holes lorger thea 141747 dlum,
such as perforations slxlt be deducies,
Axtal tengop f mesbbrs withowt Bales. Axinl
cotrpredsdon, gross cdatine: sitfentrs.of plat ESE, 14000 L0 18400 204000 18 24,000 I 27000 25,00
pirders, Compression in spfice nssrerial, gross
soetion
Carnaprassion in exiene fiizn of sollisd shopes,
girders and buill-up sestrons. dulpet o bending,
[SACR TN 14,000 16.UX) 5000 20500 13060 24,00 3kt 274R%} 2Z5.0%K)

gross sectlon, when compressien flange s,

(A} Sepponed Jawrslly i (ul] dength by
embedment in dotcety

{8) Pastially supponed or unsepgrrtad™

N
LTS iy
~= ES) 5. (a) frag Rl

5 0551

o 125 4 L08 (M, NG F B3 (M ARG B 23 whore B b3 the smallon aesd M, dx ihe dmrger end moment @ ibe vnbiaced sepaent of the besme M, 1M, s positive wdea tie momatits calse roversscurvilure

an) negalive whizn Lent ie sagle cutvalore.

ES. = Factor of Sufery nt Iventgry Level = 1.42

€ = 1.0 [or yabrased canitievers and for members where the susiet within g sigoificant poctien of the sobaoed sopment is greater tan of el o the iau_p,-:r of tha sggzent e shums
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TABLE 6.6.2.1-1 INVENTORY RATING ALLOWABLE STRENSES (psi) (continued)
Qv 24127 To 427 fwet (A 8141 Ow 47 to 57 fue] {A 588)

Fed 72 rax 1127 max to 4" incl 34" wd onder Al biek (A 31R Ov 39" 0 L1 et

Coropression in opocentrically toudst cotormeg'™

. k' . )i
with €, = VE (128 918 58 [teX! 75,7 L6
84

21.230- 0,660 42450~ 23,580~ 47470~ 2L

F &TF KL
£ oo i \ LI when = % C,
TR

kS | X5,008.740

£ o= bt when KL 2 Cwith RS, = L

;i;i's
r

o By B o
T, v T T £ v

‘Shear in girder webs, gross settion IW 22,600 30.000 19,000 30.0(X5 Y3000
Beariag on milled xtiffeners and other ;qacl'

RO fr comact. Swew i axteeme fber of piog {.B9F, 37450 32,0500 72,000 L0 Ry 3] 37660
Benring i pins nat subject jo rolxtion 374080 52,000 72,008 40,000 80,000 37000
Bearing o pins subject to solion (such as rockers

ond Hingés) 18,000 26,000 36,000 20,000 0000 18000
Shear is pios A, 18,000 W0 36400 W00 40,600 13,000
Beating on Powen-Deives Rivets-and bigh sweagth

belts (o as thuited by sllowsbde beaving op Wi )
Bstontrs) [R5 158 81.009 108,500 142,000 54,500 155,008 K500
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TABLE 6,0.2.1-1 INVEMNTORY RATING ALLOWABLE STRESSES (psi) (continued)

Ovwar 57t §° tec)”

LA SE8) ov, (172" Over 4" 1o

{~122” max " 1a8x 15 4” ived ¥ el
AASHTO Dexignation ™ [EIE
A M, A 440,
ARTH Ddsigmtion ¢ A 572 A 512 A 441, A SBE, A a4}
A SR
Minimunt Terile Stesngth 58 70050 78,008 634Ky GO0
Minfrmum Yield Point 55.000 60008 42000 ) RO
Axiaf tension in members with no holes for bigh
strengh boks or fvets. Use net scetion wher B.3SF 36000 2300 2300 12000
menber has ity open hokes larger thay 1 (47 0,461, NOT AVPLICABLE
dfam, such as patforations
Axial tersion in avenbers with hales far high - .
strength balts or rivets and tension in exireme g Grosy 30.000 000 23000 22,600
fiber of ratfed shapes. pirders, and built-up L3 Section
sections aubfeet o handing -2 E’ 053F,
& & Ney . )
« When tit trea of holes deducted for high » 2 Saction 35000 31500 H.50 30.069
arength bols o lvels is more than 15 3 Q.50F,
percent of the gross arca, that arclt in Nat e rr
excess i |5 percemt shall be dedouted from Mc’"’_“ NOT APFLICABLE
the gross nrea i dolermiming surks on the (ABE,
sy sechion. In. determining grosd kecdon,
any opent hales lurger shean 1-1/4” diam,
such ag peddrations shall be deducted.
Axial tension in members without holes. Axial
compresxios, pross section: stiflners of plee U558, 306K 33000 2300 22,000
pirders. Compression in splice marerial, poss -
sertin
Compression in exuenie fibess of rolled shapes,
girdess and Guili-up sections; subject v bending,
0.55F, 30,600 330 FAXLLE]

gross seitfon, when compeession flange i3,

(A) Suppored Faerully iis fult lengih by enibedment
n conirete

{B) Parteily swpposted or uwnsypparted®

g
Fo= AX WG (!;:) Jore Lgar G) = 0,55F,

(ES) 9, I

¥
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TABLE 6.6.2.1-1

INVENTORY RATING ALLOWABLE STRESSES (psi) (Gonfinued)

OQuear 21727 Tor 34227 foed (4 5143 Ox 47 ts 5 irud (A SRB)Y

1- 472" max WVE mia o 9 vhel 4 and undes Al vk {A 81T

e 30 g LV St

Compression in concsntricafly toaded cotenns'™

3
with €, = \‘/‘__“5%:5 128 $33 798 102.0 5.7 VG
A
(KL)x " A0S WGEI— 42450 23.580— 1170 2R~

F, ey KL KE\ Ay A : L

T IR A AL el 0.33(5}‘) m{ﬁ:&) 3.34(%)’ e &’f‘;-té) 412(5;’:)’ M;{Eré)l
4 738 4 L,
e 5.8, 7 N .

Fo= RL . mﬁ\}dﬂ whaa Ri. & C, with ES, = 2.12

" (&L)’ ( KL

BSf = ’—}

3 L *

Shesr in girder webr. grusy section VALGA 22008} 30,600 17,068 30.:%3 F3.000
Beadng on illed suffeqers and other steel
partx in contrel, Stress in extreine fibee of pins 0.80F, 37,000 32000 T2 44000 30,000 31000
Bearing on piris no subjrod (o rotadion 37,000 e TLNp X000 T s 37.000
Bearing oo ping subject W romtion (such 45 rockers
it hinges) 18,000 U 000 36,000 20,000 ' 40,000 185451
Shear i pis .40, 13000 26,000 36006 250 44,000 18,06
Bearing on Power-Orives Rivews and hiph atrengtly
bolts {or 25 liaited by alowabls beming. on the
Fastenets) LISE, RO LR 142,650 4,500 {53,000 0,500
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TABLE 6.6.2.1-1 INVENTORY RATING ALLOWABLE §TRESSES (psf) (continued)

Quer 5 1 §° incl

1A 55K ov, 1-2° ()‘éf'i:_"l“’
- 127 max [N 0 4” fue) "
AASHTO Designation M 188
A 242, A 441,
ASTH Designaion A 512 AST2 A Adl.A K8, A d44)
A 572
Mipioun Tensile Steenpth 9 PLALEY 154800 63.000 GO0
Misinem Yicld Point P 55,006 60500 42,40 SO0
Axial tenzion In members with ae hales for high
strength bolis, or rivets. Use net section when 4.53F, 30,000 33.00%) 23, (043 22,000
member fias any open holes larger vhan 1-(247 0468, NOT APPLICABLE
diam. such ax perforationg
Axdal ecosion in merobers with holes for high . . N .
strength bolts of rivels and tension in cagrene ] 9“’?’ 30.600 00 2400 22,000
fiber of rolled *hapin. ginders, and built-up £ 3 Sectlun
scetions wwbjuct (6 banding £ E D.55F,
= & Ney , : ' .

« When the-urea of fioles deducted For Bigh B 2 Svavien 35.000 A1300 s - 3d.00y

sreepth bols or rivels is more tian §S = 0.50F,

percent of the grosy drea, Lhat area in Ner N

excess of 15 -percent ghall be deducted from Sw_“’" NQT APPLICABLE

tha gross aren i detemining stress on the 04GF,

pross seclion. in detpemining pross section,

any operr s furger then 1-1/4" diam.

wuch as perforntions shatl be deducie,
Axigl tension ln members withowut holes. Axia
campression, -gross seoiion: stiffeners of phie 0557, 30,000 33.000 23 000 2200
girdars. Compression in spiice material, pross
acction
Campression in extreme fibers of rolled shapes,
ginders apd buflt-up sectioss. subject to bending,

055F, 30,050 3349, 15000

gross sectiot, whon compression fange iy,

Y Supperred ateridly s full lengih by embedinemt
in canarete

(B} Partilty supposied or unsapporisd

"7 (ES)S, \! L

= 2 X200, (L:) ozl s o7 (%}i = 0.55F,
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FABLE 6.6.2.1-1 INVENTORY RATING ALLOWABLE STRESSES (psh) (vontinued)

ov, 37 1o 87 inck
{A S8 ov. L1427 Over 4" 1o
=02 wn 1" max 0 4° inct 2 inct

Coo= L35 + 105 M2 Mg + 0.3 (M) / MyP =5 2.3 where M, i8 the smaller and M, is tie langer end monsent in the anbirseed segaent of thie bomns; 8, 7 M, s positive when the moments csuse Ryverss curvalss
and pegative when berlt iv shigle survatace.
G = 1.0 for usbractd cantilevsrs and for members wihiere the moment within & signifienne pottion of the yolraced segment is groater han or equsl (o the larper of the sepment b srosmts.
ES. = Fuctor of Sedety ut Inventocy Level = 182

Compiession in concentrisally loadod cobamng®™

with €, = 31;3-& 1020 g1 1167
¥y
TRLY 25040~ 28300~ £9.8(0~
7% B e RE KLy KLY KL\
Ol =3 | whan == =10 1 -») a2 o.vz(m)
T . r r r

B 135,008,740

£o= - when KL 2 C, wih 5. = 212
SRS
RS.[~ -
b3 T
Shear in gitdvr webs, grops section 18,000 D H4,000
Besring on milled tiffdners amd other seel
parts in coitact, Stress in éxtreme fiber of pins 0.80F, 44,000 43, (K 4000 3% 000
Baaring ar pin nor subjeet ¢ roistion 4400 4800 34,000 32,000
Braring on pins subject © rotifice (Buch ss yockets
ani hinges) 22,000 24000 #1000 16,0088
Shesr in pins Q4G DHD 200 17,00

Besring on PowerTiriven Rivels and high strength
bolis (or as linntzd Gy slowsble bearing on the
Pasteres) 138K, 01,300 101,800 B30 E1.000

SEOAIYE LISNVYL VLI ONILVY AVOT 04 SANITAdIND



1L Jo 97 98eg

00T YOLeJN Aoy

TABLE 6.6.2.1-2 OPERATING RATING ALLOWABLE 5TRESS (psi)

(A) Sopparted Luenity s full Jongth by embediment
W conerete,

(B) Pardally supposted or unsugparted®

N ZU 8 Y [ N R L1
F F5)5. (f) O.mlk+9.s7_(!J =

Co = L.758 * LU (M7 M) + 0.3 (0, FM) 5 2.3 whieee M S5 dre smadler and b b e Juget end moment in the unbrwmed segnent of the bearas: Mo/ M. i< pogilive wien the momeniz gause rovesy

curemune i) nogatve when bent fn dngle ©

Cy = 10 for unbraced vantitovary asd For members where the momtnt within w significant portion of i uabraced segiment 15 graater than of ayual to the larges of the sepmisnt e toments,

F.S. = Pactor of Safuty at Gpersting Level = 134

0758,

vrviture,

DATE BUISCT-STEEL UNRNOWN Silicon
- T Cartion Sieel Ricke!
fror o 1905 1935 0 1936 19260 1963 Afior 1903 Stwal Cver o ing Steel

AASEET Designation ¥ B 9403%61) M 95(1951) M Y6(1961)
ASTM Desigaaticon ' A 70960 A 441960y A 81961
Miwimum Tensile Strongih F, SL6K0 6,000 60,000 70.080 96.000
Minmum Yield Point F, 26,000 30,004 33,000 16,500 33,000 45,000 $5,000
Axial pusion in mombers with no kofes for high
strengily belts ot Hvets, Uss hed section shen 0.75E, 19,500 22,500 24,500 27,006 500
mombes has ay open holes langer than 11747 0.60r, NOT APPLICABLE 33,500 LA
diam, such as peforntions ‘
Axial tenston jn members with holes for frigh 5 sq:;: 19.500 2230 2500 2000 24.500 33,500 41,000
sirength bofts. or rivets and tension in eatreme 58 5.75%
fiber of rolted shapes, girders, and buillagp E g e
sections suhjslt o beading > Net
« When the‘area of holes deductsd for high 8 & Section 35,000 40,000 40,000 10,000 40,000 46,500 €0.000

srength behs or rivels is mors than 13 05T,

pevoti of the grosy area, that arex in Net

¢icess of 1S peroent shudl be deduted frofm Secrion NOT APPLICABLE

the groe awea in determining siress oq the 0:60F,

grosg section. In determiniig gross vaction,

any open hokess farger Mas 1-1 /4" dizon

soch 8% prriorstions. shefl be dedicicd.
. Axial-tenston in nembers, whhout bales. Axial
compression, gross sectioh: sliffeners of phate 0737, 19,500 22,500 24,500 27,450 24,500 33,500 4).000
pirdest: Compression in splice muterial, grdss
sextion
Compiressivg th extonitie fibers. of rlled shages.
ginders and builtep subfect 10 bending
fross stction, when campression (lange i 0,155, TS50 22,500 500 27,400 24,50 33,500 41,000
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TABLE 6.6.2.1-2 OPERATING RATING ALLOWABLE STRESS (psi) (continied)

DALE BULT-STEET. BNENOWH Sitigon
~ . : ' - i Carbon Stect Nicke)
Prior tu 1999 1993 0 1936 153600 1963 Afer 19683 Sent Over 2" A% ingd Srext

Compresden in concenhenily loadzd columos®
with C; = fg‘%-r—[ 1484 {38.1 130T 126.1 1217 128 102.0
v

when % = C,

(KL}x . @ 15,390~ 17650~ 19410 2080~ 19410~ 2ed70- 32350~
I it R Kt~ / ’ 3 1 S
Fe=asl, LS whea ~= = € oas(XE) ougBE osd KLY gerE) gsefRk Logf S| 1.ss{ KLY
t v ¢ T

A w‘_\ﬁ 3 T b r

B _ 168,363840

£ = — = ~— with ES. = 170

(2

r i

Shear in gitdor wobx, gross gslion QASE, 11,500 13,500 15,009 7 16,000 £5,000 20.000 25500
Bearing on nsfiled stiffecers and othec stee)
parts in contact. Siress in exveme fiber of phigs 090F, 23,000 27.000 29,500 32,000 29500 40,500 44500
Ruaring on pins not subject 1o rotation .90, 23,000 27,600 29,508 32,600 29,500 40,504 49500
Bearing.0n pins subject w rotslion (voch us roekers
and hinges) 0.55F, {4.000 16,500 18.4K%) 19,500 18,0060 24,500 20000
Shear in pins 0.35F, 14,600 16,500 18,008 19,500 18.000 24,500 36,000

Bearing on Power-Orivim Rivets and hight rremgth
bolts (or &5 Jimiled by allowahle beacng on the
Fasteners) L.85F, 96.000 [RELLY] H RS ISR ] HLLL.UOG 129,500 166,500

(1) Numbec in parenthegis represents the Just year these xpetilications were primted
(2) For the wee of huger €, viduex, xee Swueteral Stobility Respuoch Cormeil Guide to Stabilfity Design Criteria for Metal Structerey, 3xd 14, pg. 1350 1 cover plates are used, the albowable starfc strexs at the
poin of theoretical sowfl shall be w deiermined by Jre Tarmuls.
I = length in inches, of yrsupponted feage between lnterl conreetions, knwe braces, of other paims of suppart
= momeni of irertia of compressisn [hmgs about the vertical axiz i the plane of the web, o,
¢ = depth of girder; tn.
1ot + (bt's + Bl | ) ! . . . - . . :
3= - fi ) where b end | represent tie ange widih and thickbess of the eompression ard engion Maege, 0 is te web dopii. wnd ¢ 1x the web diicknuss.
S, = pection modufus wigh respeet to the camppassion flange, i,
() E = moduley of clastiviiy of steel
r = governing fadius oF gyrafion
L = actaal vobraced lengih .
K =~ gffective fengih factor
Nate: The formalivz do ool apply © membsers with vasiuble moment of inering
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TABLE 0.6.2.1-2 OPERATING RATING ALLOWABLE STRESS (psi) (coniinued)

8" and  1-U4"nd Over 1-1/6" Over 21027 3" aog vader
Under Urer ICR T 3-172" max 142 v 1o 47 Tt i under (A SES)
AASHTO Designmlon
ASTM Designation ' - A P42, A 440, A 451,
A 35 Aua A 94 A ST AST2 " A SBE. A 572
Minimum “fensiie Stenpth K. 38K pERELY 12,000 U, (KK BOAX 105,000 0800
Mininars Yicld Peiny F, 36,850 50,000 A7IRK 45,60 65.0GH) 90,000 50,053
Axisl tension in members with oo holee Joc hygh
stremgth bolis or rivets. Use net seejon when 0.7, 27000 31500 A5.400 34,50 48,30 R.AL 7560
member hax any apen holex torger than 1- 147 0.60F, NEOT AFPLICARLE 63.000 A,
dlam. such ax purfyrations
. Sriwss” 3. L 500 .54
Axial wndon v-members with holes for high (SJ«::::m 27.000 .58 33.000 B0 48.5% 67500 31500
strength bolis or rivets und ietision i exirome § 5 D.75F
fibur of rolled dhapes, ginsers. and bullbup % = y
sections wbject w beoding EE Net
¥ Section 3§00 50.600 A8,000 AL 51,000 N.A 46,500
« When the arca of holes deducied for bigh S = .67,
strength bolts of rivets is'mare tan 1S = ) Net
percent of e grosw arey, that arca In Seelian NOT APPLICABLE 63.000 A
excess of 15 percont shudi be deducted frony WOOF,
the gross dred iy dewnwindng steays on the
fress sefion. In dedmaining gross soction,
any apea holes hager na -1/4" dians,
soch ay perforations shadi be deducred.
Axial imsion in mymbes witoud holes, Axiat
compression, gross section: stiffeners of plats 0.75¢, 272,000 37,300 35010 33500 48,500 61,500 A7.500
girders. Compression in-splice materdul, gross
segtion
Compression (o extreme fibers of mlled shopes,
wrderx snd built-up-dectiond, sabieet i beoding.
Lrugs section, when comprestion flange . 0755, 27.000 X7 5(KF 35000 33,500 ARS00 67,500 33500

(A} Supporiud Jtersy s fisl) tength by embodinent
i ConiTse

(13) Fartially supported oy wasupporad™

AR as (’ﬂ J 0272 + 0.57 (‘7’

* = IFS) 5.

) = 0ISF,
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TABLE 6.6.2.1-2 OPERATIMNG RATING ALLOWABLE STRESS (psi) (continued)

& and 1R end Oxer 1 1/E Over 2-t/ 27 M amd emiac
Ender Lngir (i 1-172¢ max 172" marx 104" incl £ and ynder (A 388)

Cn= 1754 105 M7 < 0.3 M,/ My’ = 2.3 where M, s the saller wnd Mo thé Torger ol monment in the onbiced segment of (e heames 37 My b pogitlve when the mimests ciise reverse orvauie
a0d wegative wien beol i single corvonire,
€. = LU for anbraced rondlzvers snd lor meaibers whesre e moment within 3 sigrificint portion of (e unbiraced segrent bs greatet than or equal to the hieger ol the sogmem end momsenss.
¥S. = Faetor of Safely ar Opesutiog Lovel = 1034

Compressian in concemrically tomled eolucns'™

with C, = 120.1 1070 11Q.4 112.8. 93.8 9.8 HerRY}
when -Kf—L &
(K|)A e 21,180~ 29.410- 27,650~ 28,470~ 38.240- 52940~ 29410—
f e I KL . A%l N § B g \s ) 1 2
Aegs|, VT whes == = Ce om‘{ﬁ—") |.2s[&] 1-1:-.(¥—KL ! 1.04(&) I Lo S L ;_33(51:)
-4 PE [N r f r f } . 2 C
Fo=—=F - '63'23‘?9 wilh BS, = 1.70
st ()
3 r
Shear in gicder webs, gross section A5F, 16,600 22,500 31,000 20.000 29,000 40,500 22500
Bearing on milled stiffeners and other steel
parts in comincl Stress-in exirpme fiber of pins N.GiF, 32000 45,009 42,000 40,500 58500 91000 45.000
Braring on pins not saljeet is miation 0.508%, 32,000 45.000 42,000 40500 58,500 B0 45,000
Beacinj on pins subect w rotasion (such a5 rockers
and hinges) 0.55F, 19,500 22.500 25.560 AU SN 35500 42,500 27500
Shear fo plos l U.5SF, 19,508 27300 25,508 24,500 35500 49,500 27.500
Bearing on Power-Dtiven Rivews and high soengils
tolts (or us Nmited by sllowable bearing on the

Fasteners) 1S, 107,565 {38,500 123,800 171,000 142,000 THLKO §29.500
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TABLE 6.6.2.3-2 OPERATING RATING ALLOWABLE STRESS (psi) (contiuued)

Over 47 Lo

P00T YoIRIA Ay

Te 24T incl (A 514)  Ouw 47 10 57 I} (A 588) Ov. 5710 & incl (A S88)
Al thick (A 517 Cre. 34710 13227 indd {-H2" max I oy Ov 142" ta 4° tnct B* tncl
AASHIO Designativn '
ASTM Designation ' . A M2, A 0, A 242 A 440,
A SISt A 441, A 588 ASTL A2 A a4}, A 588, A 572 A
Minimom. Tensite Strengr 38 15,00 67.000 ) 73 (130 63,000 69,600
Minimum Yield Pafint £ 100, (04 46,000 55,000 50,000 42,000 A0
Axizl umsion in membiars with no hokes for ligh 4
streagth bolts or xivess, Use et seetion whea UT3F, 75000 34,500 4.0 45 (160 Jo.cou
mzmber has usy open holes larger than 1-114” 0.60r, 69,000 WO APPLICABLE
dinm. such ux perforations
: Gross™ f ) OO0
Axfxl tension i remburs whth hokes Tor Righ 5 Sectit k 75,000 H.500 41.000 45,000 3500
strength boils of Avets and tenslon in extremo E 5 o TEF']
fiber oF rollzd shapes, gindies. and boll-up o T—é N . 4
sections subject to bepding £ B § ctfio < 4 ’ 40000
« Wihen 1he mrea of boles deductzd for bigh g 2 o G’Hi“ N.A. 44,500 6,500 50,000 42000 X
sirength bolis or rivels is more than (S = M'
pescent of the gross arcy, Ut area in Section 69.000 NEPF APPIICABLE
excess of 15 porcent &hall be deduged from 050K
. . b 50K,
the grogs ama in detevmining siress on the
fross, section: L detenmining gross section,
my open hojex ivvger than 1-1/4” diam.
such. ds” perforations shall be deductad
Axia) tenston in nrzmbors without hujes. Axial 20,000
COMPTESSIon, gross welivh: sliffeners ul:plate 975F, 75.000 345X &5 000 45,(0) 31.500 -
girdem. Compression (1 spliee maepa), gross
section
Compression in-extreine froerg-of rallegd shopes,
wirder< ol bukt-up sectons, subjest w bending,
gross seenove, whon compression flangs is. QISF 15 .03 34,500 41,06 43,000 3500

(A) Supported tgterally itz Fulf lungth by embediem
in eopcicte

(B} Pintinlly supported or wnsupparted™

L PG (1 f'.,, iyt - —
A (F.S,)S‘-,_._(l) 0. 21W+9.x ') = 0.75F,
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TABLE 6.62.1-2 OPERATING RATING ALLOWABLE STRESS (psi) (continued)

To 2R inek (A ST On 4% w0 57 (et (A SER) Ov. 5% w0 8% dned LA 58R) Crver 410
Al thick (A SIT) v, 34" ta 1-1/27 (et V172 vomx B mian v, £ 1y 4% e A el

G = 75 1+ LUS (Mc/ My + O3 (M2 M = 2.3 where M, is the smalfer and My is the Jorger emd morocut in O unbraced segiuent of the beams; M/ M; is positive wircn the momenls ciiss reverse curvalyre
wmd negmive when beat in siple curvaiune. '
G = 1.0 fisr unbraved enmilevers ang for members where hs mosent within & significant portivn ol the unbmced segment 35 peester than or equal © e facger of (he sement end itnents,
ES. = Factor of Safety s Oporating Lavel = 1,34

Campression fn concemrically lopded cofumns'™

. 20 i )
with C, = r 757 e 10243 Wi VIR
Y B
with Kb % C,
4
(K[_)J e L SR.820 27,060~ A2.350- 35280~ 24,180~
F, | - s K v \s TAY 1 3 ¢ \2
Fgs] -\ whea == = €, 514 5‘:] s s asfBE 091 Ek)'
s r, T T T 4
. = ’“":”z'?" with K8, = 1,70
r ¢
Shear in girder webs. gross seqiion 0458, 45,000 20500 3,50 pEAG ] 18,500 18.400
Beartieg on milted siilfeners and aiher swel
parts in contact, Sweks i exireme fiher of pins- 0.908, 000 A0 49,500 54000 32500 30,000
Bedring o pins not subjett 1o rolrion 0.90f, S1,000 4| AXH) 49,500 S4.000 37500 36400
Bearing oa piag aubject dor rotation-(duch @ cockers
it hinpes) 0558, S5O0 25,00 I0,000 33,000 23,000 22000
Shear in ping 0,558, 55,000 23.0Gh J0H0H F00 23.00 22000
Bearing on Powor-Driven Rivets and Iigh streapth
bolix (or zx limited by altfowable bearing on- the
Fastiivers) ).851°, 33,000 124,000 129,500 T3R50 H6.580 [NER)
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TABLE 6.6.2.1-3 Allowablke Inventory and Operating Stresses For Low Carbon Steel Bolts and
Power Driven Rivets (PSI)

Shiar
Rating 7 Beuring
Type of Fasiener Level Tension Bearing Type Connection

1A} Low Carbon Stee] Bults: Terned Bols [ASTM A INV 18,000 20,000 11060

307 and Ribbed Bolu GPR 24500 27,060 13,0008
{B) Power Driven Rivews (rivets driven by pazumatically

or electrically vperated hummenswre considenéd

power driven) Strucioral Steed River (ASTM A 302 1TAY - 40000 13,500

Grade | or ASTM A 140 OFR — 54,500 18.000

Sructural Stexl River (High Swength) (ASTM INV — 20,000 20000

A 502 Grade 2} QPR — 54,500 27000

{2) Bosed on nominal dismeter of bolt.

(1) The AASHTO Design Specifications indicate that ASTM A 307 bolts shull not be used in connections sebject to Fatigue.
(3) Threuds permitied in the shear plane, l
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TASBLE 6.6.2.1-4 Allewable Enventory and Operzating Stresses for High Strength Bolts in ksi®

Rating AASHTO M 164° AASHTOM 253
Load Condition , Hole Type Level (ASTM A 325) Bolts (ASTI A 450) Bolls
Applied Tension (T) Standerd, oversize or v 38 47
slotted OPR 52f 64
Shear (F,): 31? ~critisal Standard v 157 19
connection CPR 20 25
Oversize or shorl-slotted ~ INV 13 18
foaded in any dircetion OPR 18’ s
Long-sloted INV e 13
Load wansverse OFR tst 18
Long-slotted 1Y :4 1]
Load paraliel OPR 127 15
Shear (F,): Bearing-type
connestion”
Threads in any shear plane Standard or slotted mv 197 24
CPR 26 i3
Ko threads i shear plare Stendard or slotted NV 24 K]
GPR 33° 4
Bearing (f,) on copnected Standard, oversize or jeAY 05LF
material short-s}otted loaded in - 2= FS
any direciion d
0,70
OPR. “’—%f—" = | 4F Y
Long-slonad v
Load paraltel 8. SLF" =F0
OFPR AP < ap s
Long-slotted A 4
Load transverse & L o 22 - = 0.8F°
OFR 055;-«1& < LIRS
The tabulated stresses, except for bearing stress, apply to the nominal arez of bolis used in any grade of steef,

o >

Applicable for contzet surfaces with tlean rmill scale (slip coefficient 0.33).

In bearing-type conzestions whose length between extreme fasteners in each of the spliced parts measured paraﬂel 10 the
line of an axia) foree exceedy 50 inchies (1.27 m), tabulated value shall be reduced by 20 percent.

i is equal to the clear distence betwesn the holes or befween the hole and the edge of the material in the direction of
applied bearing fores, in.; T, is the specified minimum tensile strengih of the cornecied material; d is the pominal
diameier of the bok, in

AAMSHTO M 164 {ASTM A 325) and AASHTO M 253 (ASTM A 490) high-strength bolts are avaitable in three types,
designated as types 1, 2 or 3.

The tensile strepgth of M 164 (A 323) bolts decreases for diameters greater than | inch. The values listed are for tolis
up to I-inch diameter. The values shall be multiplied by 0.875 for diarneters greater than | inch.
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H.3

bending.

H.6

H.7

Wrought Iron. Allowable maximum unit stress (psi) in wrought iron for tension and

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.

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

Concrete. Unless there is a mix formula given on the plans, concrete for
superstructures 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 of F'c,,

Mix=1:1:2 1:11/2:3 1:2:4 1:2.5:5 1:3:6
F’c = 3000 psi 2500 2000 1600 1300

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

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

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 lumber given in the current AASHTO Design
Specifications. Reduction from the maximum allowable stress will depend upon the
grade and condition of the timber and shall be determined at the time of the mspection.

Allowable operating stress in pounds per square inch of cross-sectional area of simple
solid columns 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 A= 4813E

(1/r)y
in which P = total load in pounds.
A = cross-sectional area in square inches.
E = modulus of elasticity.

£ = unsupported overall length, in inches, between points of lateral
support of simple columns.

r = least radius of gyration of the section.
For columns of square or rectangular cross-section this formula becomes:

_ 0.40E

(1/dy
in which d = dimension in inches of the face under consideration.
The above formula applies to long columns with (I/d) over 11, but not greater than 50.

For short columns, (I/d) 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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L

FATIGUE CONSIDERATIONS FOR STEEL STRUCTURES

L1

General

(a)

(b)
©

(d)

(e)

D

€y

(h)

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 fracture 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 fatigne from Table 3. For stress
category, see Table 4 and Figure B.

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

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.

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.

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 normal level of clamping force, fatigue Category C may be used.

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.

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.

For main load carrying components subjected to tensile stresses that may be
considered nonredundant 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.

(1) 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, F (ksi)®

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

24 (16)°
16

12

10 (12)°
7

4.5

2.6

8

-

T E YO ww >

Nonredundant Load Path Structures
Allowable Range of Stress, F,, (ksi)”

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

A 24 (16)°

B 16

B’ 11

C 9(11)°

D 5

E° 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 2 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 algebrajc difference between the maximum stress and the minimum stress. Tension
stress is considered to have the opposite algebraic sign from compression stress.

® 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.

¢ For unpainted weathering steel, A709, all grades when used in conformance with the RHWA Technical Advisory on
Uncoated Weathering Steel in Structures, dated October 3, 1989.
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Stress [lfustrative
] Category Example
Kind of See Table3  See Figure B
Generzl Condition Situation Stress
Plain Member Base metal with rolled or cleaned surface. Flame-cut edges T or Rev* A 1,2
’ with ANSY smoothness of 1,000 or kess.
Buiit-Up Members Base metal and weld metal In members of built-up platesor T or Rev B 3.4.57
shapes (without attachments) connected by costisuous full
peociration groove welds (with backing bars removed) or by
continuous fillet welds paraltiel v the direction of applicd
stress.
Base metal and weld metal in members of built-up phues or T or Rev B’ 3.4.57
shepes (without actachmeats) conuected by continuous full
penctration groove welds with backing bats not remaoved, or
by contimuous parual peaetration groove welds paraliet to the
direction of applied stress.
Calculated flexucal stress at the toe of transverse stiffener T or Rev C é
welds on ginder webs or flanges.
Base metal at ends of partial length welded coverplates with T or Rev B 2
high-strength bolted sip-critical end connections. (See Note 1)
Base.metal at onds of partial length welded coverplates
oarpower than the flange having square or wapered ends, with
or withont welds across the ends, or wider than flange with
welds scross the ends:
(a) Flange thickness < 0.8 in, T ar Rev B 7
(b) Flange thickness > 0.8 in. T ot Rev E’ 7
Base metal at ends of partial length welded coverplates wider T or Rev E'
than the flapge without welds across the ends.
Groove Welded Bage metal und weld metal in or adjacont o full pepetrativn T or Rev B 8,10
Connections groove weld splices of rolled or welded sestions having similar

profiles when welds are ground flush with grinding in the

direction of applied stress and weld soundoess established by

nondestroctive mspection.

Base meta) and weld metal in or adjacent to full penetration T or Rev B 13
groove weld splices with 2 ft radius transitions in width,

when welds are ground flush with grinding in the direction

of applied stress and weld soundness established by

nondestructive inspection.

Base metal and weid metal in or adjacent th full penéisation
groove weld splices at icapsitions in width or thickness, with
welds ground (o provide slopes no steeper than 1 to 2%, with
grinding in the ditection of the applied stress, and weld
soundness established by nondestructive inspection:
(8) AASHTO M 270 Grades 1007 100W (ASTM A 709) T or Rev B’ 11,12
basc metal
{(b) Other base metals T or Rev
Base metal and weld metal in or adjacent to full perefration T or Rev
groove weld splices, with or without transitions having slopes
po greater than 1 to 2%, when the reinforcement is pot
removed and weld soundacss is established by nondestructive
inspecton.
Groove Welded Base metal adjacent to details attached by ful) or partial T or Rev C 6.15
Attachmeats— penetration groove welds when the detail length, L, in the
Lougimgimalty direction of stress, is less than 2 in,
Loaded Base meta! adjacent to details attached by full or partial T or Rev D 15
penctration groove welds when the detail length, L, m the
direction of stress, is between 2 in. and ]2 times the plate
thickness but less than 4 ia.

2
8,10,11,12

0w

Table 4 Construction Details
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General Conditon

Sitwation

Kind of
Stress

Groove welded
Aftachroents—
Transversely
Loaded™*

Fillet Welded
Connections

Fillet Welded
Attachments—
Longirudinaily
Loadeg><*

Base metul adjacent to details-attached by full or partial
peaetration groove welds when the detail Jength, L, in the
direction of stress, is greatet than 12 dmes the plate thickness
or greater than 4 in.:

(2) Detail thickness < 1.01n.
(b) Detail thickness = 1.0 in.

Brse metal adjacent to details attached by full or partial
penetration groove wekis with a transition radius, R,
regardless of the detail length:

—With the end welds ground smosth

(o) Transition radivs = 24 in.

(b} 24 in. > Transitiop radius = 6 in.

{&) 61n. > Transition radius = 2 in.

(d) 2 in. > Trapsition radius = G i

—For all transition radii without end welds ground smooth

Detail base metal attached by full penetration groove welds
with 2 transition radius, R, regardless of the detail length and
with weld soundness transverse to the direction of stress
¢stablished by nondestructive inspection:

—With equal plate thickness and reinforcement removed

(&) Fransition radius = 24 in.

(b) 24 m. > Transition radius = 6 in.

(¢) 6in. > Transition radius = 2 in.

() 2in. > Transition radjus 2 0 fa;

—With equal plate thickoess and reinforcement not removed
(a) Transitioo radipns = 6 .

(b) 6 in. > Transitioo tadius = 2 in.

(¢) 21in > Transition radivs = O i,

—With unequal plate thickness and reinforcement remaoved
(z) Transition radius = 2 ja.
{b) 2 in. > Transition radius = 0 in.

—For all transitdon radii with wnequal plate thickness and
reinforcement not yemoved.

Base metal at detsils commected with fransversely [oaded
welds, with the welds perpendicular (o the direction of stress:
(a) Detail thickness < 0.5 in.

(b) Detail thickness > 0.5 in.

Base metal at intermintent fillet welds,
Shear stress on throat of fillet welds.

Base metal adjacent to details attached by fillet welds with
length, L, io the direction of stress, is less than 2 in. and
stud-type shear connectors.

Base metal adjacent to details attached by fillet welds with
leagth, L, in the direction of stress, betwveen 2 in. and 12
times the plate thickness but less than 4 in.

Base metal adjacent 1o details attached by fillet welds with
length, L. in the direction of stress greater than 12 times the
platc thickness or greater than 4 in.:

(a) Dewal thickness < 1.0in.
(b Detail thickness = 1.0 ip,

T or Rev
T or Rev

T or Rev

T or Rev”

T or Rev

T or Rew

T or Rev

T or Rev

T or Rey
T ot Rev

T or Rev
Shear

T or Rev-

T or Rev

T or Rey

_TorRey

Stress
Catepory (lustrative Example
See Table 3 See Figure B

m moOw

moQOw

[URw] mg 0

o

C

t5
15

16

16

16

16

See Note!

B
F
Cc

9
15,47,18,20

15,17

7,9,15,17
7.9,15

Table 4 (Cont’d)
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. Stress Category IHustrative
o Kindof (gee Table 3) Example
General Condition Sitoation Stress Sce Figure B

Base metal adjacent 10 details attached by fillet welds with a
transition radius, R, regardless of the detail length:

—With the ead welds grouod smooth T or Rev 16
() Transition radfus = 2 in, D
(b) 2 im. > Traesition radfus = 0 in. E

—For all transition radii without the end welds T or Rev E 16
ground smooth.

Fillet Welded Detail basc metal aftached by fiflel welds with a transition
Attachmenis— radius, R, regardiess of the detail lepgth (shear stress on the
Transversely Loaded  throat of fillet welds goverved by Category F):
with the Weld in — With the ead welds ground smooth TorRev 16
the Direction of P ! ;
Principal Stress®s (a) Trapsition radws = 2 in.

el (b) 2in. > Transition radius = 0 i,

—For af] transition radil without the end walds T or Rev E 16
ground smooth, ’

Mechanically Base meta) at gross section of high-strength bolted slip T ar Rev B 21
Fastened resistant connections, except axtally loaded joints which
Connections induce out-of-plane bending in connccting materials.

Base metal at net section of high-strength bolted T ar Rev B 21
bearing-type connections.

(e lw]

Base metal at ned section of riveted connections. TorRev D 21

Byebar or Pin Plates  Base metal at the net section of eyebar head, or pin T E 23,24
plate
Base metal in the shank of eyebars, or through the gross
section of pin plates with:
(a) rolled or smoothly ground surfaces T A 23,24
(b) flame-cust edges T B 23,24

T signifies range in tensile stress only, “Rev” signifies a mnge of stress involving both tension and compression during a stress cycle,

>“Longindinalty Loaded"” signifies directiop of applied stress is paraliel to the loogitndinal exis of the weld. “Transversely Loaded” signifies
dizection of applied stress s parpendicular to the Tongitudinal axis of the weid.

“Transvessely loaded partisl penetration groove welds are prohibited.

¢ Allowable fatigue stress range on throst of fillet welds ransyersely Ibaded is a funclion of the cffective throat and plate thickness. (Sea Frank and
Fisbeer, Joumal of the Structural Division, ASCE, Vol. 105, No. 5T9, Sept. 1979))

19 i
H a
0.06 +-0.79Hir, S R
S = - -
i SR A

whete ST is equal to the allowabie stress range for Category C given in Table 10.3. LA, This assumes no penetration at the weld root.
“Gasses phares attached to girder flange surfaces with only transverse fillet welds are prohibited.
"See Watter, Albrocht and Sahii, Journal of Structural Engineering, ASCE, Vol. 11, No. 6, Junc 1985, pp. 1235-1249.

Table 4 (Cont’d)
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Squared End, Tapered
of Wider than Flanp~

Ca
RS e e,
~ L0 baee merg)

9
2 At End of Weld, Haa No Length

‘%\

eSS

—_—
@“‘
11

ExiolWed _ Catagary

mhnﬂm)s7

C 1

/

)

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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69’ 9-3/4"

Length Uver Coupler Foces

;\
| —
o
m

S’ 0 9 4-7/8"
Truck Center (typ>

44° p* i-c,' 10"»{

i |
@ © ©

30K 30K 30K

#3 RED LINE RAPID TRANSIT CAR

LOADINGS:
Empty Vehicle = 76,885 lbs

Max. Crush Load = 42,935 lbs
Actual Weight of Fully Loaded Cor = 119,820 lbs
Rating Load for Fully Loaded Car = 120,000 lbs

-

SHOAEE LISNVIL VLI ONILVY AVOT 304 SENITAdIND



74 0°

Length Over Coupler Faces

1L Jo oty o3eg

Truck

23" 0

23 0" |
Center (typd

Center (typ)

s

16’

14" 0"

16’ 9~ S

o |
I

|
S

v00T Y2IEN "AY

@
24K

#7 GREEN LINE RAPID TRANSIT CAR

L.OADINGS:
Weight of Empty Car = 85,500 lbs
Max. Crush Load 41,580 lbs
Actuol Welght of Fully Loaded Car = 127,080 lbs
Rating toad For Fully toaded Cor 129,000 tbs

l®4

24K
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48’ 10" |
Length Over Coupler Foaces |

1 91 ’_} 31; 4# l 8/ #
Truck Center (typ>

24" 6" 6’ 10"~

I
O O©
o1.5 K 21,5 K 215 K

#4 OVERHAULED BLUE LINE RAPID TRANSIT CAR ON ORANGE LINE

LOADINGS:
Empty Vehicle = 60,800 lbs

Max. Crush Lood = 24,645 lbs
Actual Welght of Fully Loaded Looded Cor = 83,445 lbs
Design/Rating Load for Fully Loaded Car = 86,000 lbs
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00T YOIEN A2y

-~ 48’ 10 -——-«—~——~»|

Length Dver Coupler Faces

8/ 9” _’ 31/ 4" A__I - fg/ 9'
Truck Center (typ>
l*—e’ 10'—»' 24’ & |-'-6 LO”»-‘

| |
® O ® O©
23K 23K 23K 23K

#S BLUE LINE RAPID TRANSIT CAR

LOADINGS:
Empty Vehicte = 63,000 lbs

Max. Crush Lood = 22,630 lbs
Actual Weight of Fully Loaded Cor = 91,630 lbs
Rating Load for Fully Laoded Car = 92,000 lbs
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I~ 65’ 4~
Length Over Coupler Foces

! ﬂr y 4 ' __1'61 6'

! Truck Center (typ)
 10%~| 39 g 6’ 10~
| |
r o} o} @ 1
26K 26K 26K 26K

#12 ORANGE LINE RAPID TRANSIT CAR

LOADINGS:
Empty Vehicle = 68,780 lbs

Max. Crush Load = 34,720 lbs
Actual Welght of Fully Loaded Car
Rating Load for Fully Looded Car=

= 103,500 lbs

104,000 lbs
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| g8’ 10”7 | &’ 0”7 ‘ 167 97 | 6 0
|

[~ 47'-5"

PCC Car - High Speed Llne

LOADINGS:
VWelght of Empty Car = 40,035 lbs
Max Crush Load = 18,200 Uas
Actual Welght of Fully Loaded Car = 58,235 lbs
Rating Load for Fully Loaded Cor = 60,000 lbs
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#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) | AT DISTANCE X (FT) | MAX. MOMENT (K-FT) | AT DISTANCE X (FT)
5.00 30.00 AT SUPPORT 37.35 2.50
10.00 39.51 AT SUPPORT 75.00 5.00
15.00 46.34 AT SUPPORT 132.97 6.25
20.00 51.51 AT SUPPORT 206.23 11.67
25.00 59.21 AT SUPPORT 279.9 12.50
30.00 68.68 AT SUPPORT 390.30 15.00
35.00 76.01 AT SUPPORT 515.20 14.58
40.00 81.85 AT SUPPORT 661.70 23.33
45,00 85.89 AT SUPPORT 806.90 18.75
50.00 89.21 AT SUPPORT 953.40 29.17
55.00 92.01 AT SUPPORT 1098.60 22.92
60.00 94.34 AT SUPPORT 1243.60 25.00
65.00 96.31 AT SUPPORT 1389.60 37.92
70.00 98.08 AT SUPPORT 1536.70 29.17
75.00 101.54 AT SUPPORT 1685.10 37.50
80.00 105.82 AT SUPPORT 1835.10 40.00
85.00 110.18 AT SUPPORT 1985.10 42 .50
90.00 114.51 AT SUPPORT 2135.10 45.00
95.00 ~ 119.54 AT SUPPORT 2285.10 47.50
100.00 T 125.41 AT SUPPORT 2435,10 50.00
105.00 130.87 AT SUPPORT 2607.45 52.50
110.00 135.83 AT SUPPORT 2827.18 64.17
115.00 140.36 AT SUPPORT 3044.98 47.92
120.00 144,51 AT SUPPORT 3266.48 50.00
125.00 148.33 AT SUPPORT 3542.90 72.92
130.00 151.86 AT SUPPORT 3835.20 54.17
135.00 155.12 AT SUPPORT 4126.20 78.75
140.00 158.22 AT SUPPORT 4418.50 58.33
145.00 162.08 AT SUPPORT 4709.50 84.58
150.00 166.38 AT SUPPORT 5001.80 62.50

NOTE: Distance X refers to distance from
left support.
Impact is not included
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#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) | AT DISTANCE X (FT) | MAX. MOMENT (K-FT) | AT DISTANCE X (FT)
5.00 24.00 AT SUPPORT 28.00 2.2
10.00 33.00 AT SUPPORT 60.00 5.00
15.00 38.00 AT SUPPORT 111.50 8.75
20.00 40.50 AT SUPPORT 169.50 8,33
25.00 43.32 AT SUPPORT 22750 1458
30.00 47.26 AT SUPPORT 285.50 17.50
35.00 5208 AT SUPPORT 347.25 17 50
40.00 55.69 AT SUPPORT 431 81 20.00
45.00 59.46 AT SUPPORT 52272 26.25
50.00 63.12 AT SUPPORT 621.97 20.83
55.00 67.72 AT SUPPORT 721.22 32.08
50.00 72.83 AT SUPPORT 836.06 30.00
65.00 7715 AT SUPPORT 989.44 32.50
70.00 80.85 AT SUPPORT 1154.44 35.00
75.00 84.38 AT SUPPORT 1311.94 37.50
80.00 88.67 AT SUPPORT 1476.94 40.00
85.00 93.80 AT SUPPORT 1634 44 4250
30.00 98.42 AT SUPPORT 181556 45.00
95.00 102.55 AT SUPPORT 2022.94 47.50
100.00 106.77 AT SUPPORT 2246.06 50.00
105.00 111.18 AT SUPPORT 247575 52.50
110.00 115.67 AT SUPPORT 2721.56 55.00
115.00 119.77 AT SUPPORT 2965.50 57.50
120.00 123.53 AT SUPPORT 3228.00 60.00
125.00 127.95 AT SUPPORT 3490.50 62.50
130.00 132.72 AT SUPPORT 3753.00 65.00
135.00 132.72 AT SUPPORT 3753.00 65.00
140.00 141.67 AT SUPPORT 4305.00 70.00
145.00 145.68 AT SUPPORT 459450 72.50
150.00 149.42 AT SUPPORT 4902.00 75.00

NOTE: Distance X refers to distance from
left support.
Impact is not included
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#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) | AT DISTANCE X (FT)
5.00 21.50 AT SUPPORT 26.77 2.50
10.00 28.32 AT SUPPORT 53.75 5.00
15.00 3321 AT SUPPORT 95.37 6.25
20.00 38.08 AT SUPPORT 147 83 11.67
25.00 44.08 AT SUPPORT 214.89 12.50
30.00 51.07 AT SUPPORT 295.52 15.00
35.00 56.06 AT SUPPORT 393.06 14.58
40.00 59.80 AT SUPPORT 497.98 23.33
45.00 62.71 AT SUPPORT 602.11 18.75
50.00 65.54 AT SUPPORT 707.03 29.17
55.00 59.35 AT SUPPORT 811.16 22.92
60.00 74.08 AT SUPPORT 916.08 35.00
65.00 78.30 AT SUPPORT 1033.72 32.50
70.00 83.05 AT SUPPORT 1168.10 35.00
75.00 88.06 AT SUPPORT 1313.81 43.75
80.00 93.30 AT SUPPORT 1471.19 46.67
85.00 97.94 AT SUPPORT 1634.73 35.42
90.00 102.05 AT SUPPORT 1838.25 52.50
95.00 105.73 AT SUPPORT 2046.87 55.42
100,00 109.55 AT SUPPORT 2256.35 58.33
105.00 113.64 AT SUPPORT 2465.05 61.25
110,00 118.25 AT SUPPORT 2696.53 55.00
115.00 122.46 AT SUPPORT 2958.29 57.50
120.00 127.18 AT SUPPORT 3232.31 60.00
125.00 132.07 AT SUPPORT 3527.94 62.50
130.00 136.91 AT SUPPORT 3823.56 65.00
135.00 141.39 AT SUPPORT 413187 67.50
140.00 145,56 AT SUPPORT 4454 37 70.00
145,00 149.44 AT SUPPORT 4776.87 72.50
150.00 15355 AT SUPPORT 5009.37 75.00

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

(FT)

5.00 23.00 AT SUPPORT 28.75 2.50
10.00 30.29 AT SUPPORT 575 5.00
15.00 35.53 AT SUPPORT 101.99 6.35
20.00 41.02 AT SUPPORT 158.14 1167
25.00 47.23 AT SUPPORT 230.00 12.50
30.00 54.69 AT SUPPORT 316.25 15.00
35.00 60.02 AT SUPPORT 420.40 14.58
40.00 64.02 AT SUPPORT 532.80 16.67
45.00 67.13 AT SUPPORT 644.04 18.75
50.00 70.15 AT SUPPORT 756.43 29.17
55.00 74.23 AT SUPPORT 867.67 22.92
60.00 79.29 AT SUPPORT 980.07 35.00
65.00 83.81 AT SUPPORT 1105.96 32.50
70.00 88.88 AT SUPPORT 1249.71 35.00
75.00 94.25 AT SUPPORT 1405.36 31.25
80.00 99.86 AT SUPPORT 1573.95 46.67
85.00 104.81 AT SUPPORT 1748.77 3542
90.00 109.21 AT SUPPORT 1966.65 52.50
95.00 113.15 AT SUPPORT 2189.52 39.58
100.00 117.23 AT SUPPORT 2413.77 41.67
105.00 121.62 AT SUPPORT 2636.95 61.25
110.00 126.54 AT SUPPORT 2884.77 55.00
115.00 131.04 AT SUPPORT 3164.69 57 50
120.00 136.09 AT SUPPORT 3457 82 60.00
125.00 141.32 AT SUPPORT 3774.18 62.50
130.00 146.50 AT SUPPORT 4090.32 65.00
135.00 151.30 AT SUPPORT 442014 67.50
140.00 155.75 AT SUPPORT 476514 70.00
145.00 159.90 AT SUPPORT 5110.14 72.50
150.00 164.31 AT SUPPORT 545514 75.00

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

(FT)

5.00 26.00 AT SUPPORT 32.50 2.50
10.00 34.24 AT SUPPORT 65.00 5.00
15.00 40.16 AT SUPPORT 115.29 6.25
20.00 44.64 AT SUPPORT 178.77 11.67
25.00 51.31 AT SUPPORT 242.71 12.50
30.00 59.52 AT SUPPORT 34021 15.00
35.00 65.87 AT SUPPORT 446.51 14.58
40.00 70.64 AT SUPPORT 573.47 16.67
45.00 74.35 AT SUPPORT 699.31 _ 18.75
50.00 77.31 AT SUPPORT 826.28 29.17
55.00 79.74 AT SUPPORT 952.03 2002
60.00 81.76 AT SUPPORT 1079.09 _ 25.00
65.00 83.47 AT SUPPORT 1204.84 27.08
70.00 86.67 AT SUPPORT 1331.51 2917
75.00 90.54 AT SUPPORT 1460.42 37.50
80.00 0463 AT SUPPORT 1590.42 40.00
85.00 98.50 AT SUPPORT 1720.42 42.50
90.00 103.14 AT SUPPORT 1850.42 45.00
95.00 108.39 AT SUPPORT 1993.42 47.50
100.00 113.37 AT SUPPORT 2168.55 41.67
105.00 117.87 AT SUPPORT 2357.14 43.75
110.00 121.97 AT SUPPORT 2547.72 64.17
115.00 125.71 AT SUPPORT 2759.90 67.08
120.00 120.14 AT SUPPORT 3013.31 50.00
125.00 132.29 AT SUPPORT 3265.43 72.92
130.00 135.21 AT SUPPORT 3518.84 54.17
135.00 138.74 AT SUPPORT 3771.04 78.75
140.00 142 61 AT SUPPORT 4024.37 58.33
145.00 146.65 AT SUPPORT 4276.57 84.58
150.00 150.02 AT SUPPORT 456547 75.00

NOTE: Distance X refers to distance
from left support.
Impact is not included
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ASHMONT-MATTAPAN HSL PCC CAR 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)
F
(5.(-)?) 14.49 AT SUPPORT 18.75 2.50
10.00 20.49 AT SUPPORT 37.50 5.00
15.00 23.66 AT SUPPORT 71.87 8.75
20.00 25.25 AT SUPPORT 108.33 8.33
25.00 26.99 AT SUPPORT 144.75 14.58
30.00 30.41 AT SUPPORT 181.25 17.50
35.00 34.64 AT SUPPORT 225.00 14.58
40.00 37.81 AT SUPPORT 283.12 23.33
45.00 40.83 AT SUPPORT 356.88 18.75
50.00 43.52 AT SUPPORT 429.77 20.83
55.00 46.81 AT SUPPORT 504.37 27.50
60.00 50.41 AT SUPPORT 5088.12 30.00
53.46 60.59 AT SUPPORT 706.20 32.50
70.00 56.07 AT SUPPORT 818.70 35.00
75.00 59.30 AT SUPPORT 931.20 37.50
80.00 62.87 AT SUPPORT 1043.70 40.00
85.00 66.23 AT SUPPORT 1163.70 42 .50
90.00 69.22 AT SUPPORT 1295.35 37.50
95.00 71.89 AT SUPPORT 1441.55 39.58
100.00 74.30 AT SUPPORT 1587.00 58.33
105.00 76.47 AT SUPPORT 1733.25 61.25
110.00 78.45 AT SUPPORT 1878.25 64.17
115.00 80.26 AT SUPPORT 2027.40 57 .40
120.00 81.91 AT SUPPORT 2177.40 60.00
125.00 83.44 AT SUPPORT 2327.40 62.50
130.00 84.84 AT SUPPORT 2477.40 65.00
135.00 86.15 AT SUPPORT 2627.40 67.50
140.00 87.35 AT SUPPORT 2777.40 70.00
145.00 88.48 AT SUPPORT 2927.40 7250
150.00 89.53 AT SUPPORT 3077.40 75.00
NOTE: Distance X refers to
distance from left
support.

Impact is not included
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APPENDIX B
Work Car Configurations
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APPENDIX C

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

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

(FT)

5.00 35.42 AT SUPPORT 46.11 2.92
10.00 46.89 AT SUPPORT 83.48 5.00
15.00 56.59 AT SUPPORT 15776 8.75
20.00 61.45 AT SUPPORT 250.48 8.33
25.00 68.85 AT SUPPORT 342.95 10.42
30.00 75.87 AT SUPPORT 442.90 15.00
35.00 81.99 AT SUPPORT 581.65 17.50
40.00 80.74 AT SUPPORT 720.40 20.00
45.00 97.55 AT SUPPORT 859.15 22.50
50.00 105.71 AT SUPPORT 1025.11 25.00
55.00 113.10 AT SUPPORT 1258.86 27.50
60.00 119.26 AT SUPPORT 1492 .61 30.00
65.00 124.47 AT SUPPORT 1726.36 32.50
70.00 130.72 AT SUPPORT 1960.11 35.00
75.00 137.30 AT SUPPORT 2193.86 37.50
80.00 144.47 AT SUPPORT 2467.70 40.00
85.00 150.80 AT SUPPORT 2767.07 42.50
90.00 166.42 AT SUPPORT 3084.57 45.00
95.00 161.45 AT SUPPORT 3422.07 47.50
100.00 165.98 AT SUPPORT 3755.82 50.00

105.00 171.35 AT SUPPORT 4114 57 52.50
110.00 176.60 AT SUPPORT 4473.32 55.00
115.00 181.40 AT SUPPORT 4832.07 57.50
120.00 185.80 AT SUPPORT 5190.82 60.00
125,00 189.95 AT SUPPORT 5564.97 62.50
130.00 193.59 AT SUPPORT 5967.47 65.00
135.00 187.05 AT SUPPORT 6369.97 67.50
140.00 200.26 AT SUPPORT 6772 .47 70.00
145.00 203.25 AT SUPPORT 7174.97 72.50
150.00 206.04 AT SUPPORT 7577.47 75.00

NOTE: Distance X refers to distance from left
support.
Impact is not included
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MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM
Work Car Consist No Il = 2 Fiat Cars (04446 + 04447) + 1 Flat Car w/Crane (04441)

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

(FT) (FT)

5.00 24.80 AT SUPPORT 31.25 2.50
10.00 35.37 AT SUPPORT 63.83 3.33
15.00 40.55 AT SUPPORT 123.19 B8.25
20.00 45.55 AT SUPPORT 183.98 8.33
25.00 52.52 AT SUPPORT 248.75 10.42
30.00 60.43 AT SUPPORT 341.50 15.00
35.00 66.09 AT SUPPORT 459.17 14.58
40.00 70.32 AT SUPPORT 582.08 23.33
45.00 74.15 AT SUPPORT 703.00 26.25
50.00 77.94 AT SUPPORT 832.92 20.83
55.00 83.01 AT SUPPORT 946.67 22.92
60.00 88.59 AT SUPPORT 1067.50 25.00
65.00 93.32 AT SUPPORT 1215.38 32.50
70.00 99.08 AT SUPPORT 1377.65 40.83
75.00 105.12 AT SUPPORT 1568.90 31.25
80.00 111.05 AT SUPPORT 1743.15 33.33
85.00 116.29 AT SUPPORT 1945.25 49.58
90.00 120.94 AT SUPPORT 2183.37 52.50
95.00 123.10 AT SUPPORT 2427.12 55.42
100.00 128.84 AT SUPPORT 2670.88 58.33
105.00 132.21 AT SUPPORT 2930.38 52.50
110.00 137.57 AT SUPPORT 3219.63 55.00
115.00 142.45 AT SUPPORT 3532.13 57.50
120.00 146.94 AT SUPPORT 3844.63 60.00
125.00 151.06 AT SUPPORT 4156713 62.50
130.00 154.86 AT SUPPORT 4469.63 65.00
135.00 1568.39 AT SUPPORT 4782.13 67.50
140.00 161.66 AT SUPPORT 5094.63 70.00
145.00 164.71 AT SUPPORT 5407.13 72.50
150.00 167.55 AT SUPPORT 5719.63 75.00

NOTE: Distance X refers to distance from left
support.
Impact is not included
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MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM
Work Car Consist No [ll =1 Locomotive (04443) +1 Flat Car (0526)

SPAN LENGTH (FT) | MAX SHEAR (K) | AT DISTANCE X (FT) | MAX. MOMENT (K-FT) | AT DISTANCE X (FT)
5.00 24.60 AT SUPPORT 30.33 2.92
10.00 31.87 AT SUPPORT 62.50 5.00
15.00 37.91 AT SUPPORT 106.77 6.25
20.00 41.56 AT SUPPORT 167.19 8.33
25.00 48.25 AT SUPPORT 230.37 12.50
30.00 55.41 AT SUPPORT 315.62 16.00
35.00 61.78 AT SUPPORT 414.06 20.42
40.00 67.46 AT SUPPORT 534.38 18.67
45.00 73.58 AT SUPPORT 674.65 22.50
50.00 80.04 AT SUPPORT 824.30 25.00
55.00 85.33 AT SUPPORT 1000.00 27.50
60.00 89.73 AT SUPPORT 1169.80 30.00
65.00 93.46 AT SUPPORT 1345.50 32.50
70.00 97.12 AT SUPPORT 1515.30 35.00
75.00 101.31 AT SUPPORT 1691.00 37.50
80.00 106.00 AT SUPPORT 1860.80 40.00
85.00 110.14 AT SUPPORT 2036.50 42.50
90.00 113.82 AT SUPPORT 2206.30 45.00
95.00 117.12 AT SUPPORT 2395.13 47.50

100.00 120.08 AT SUPPORT 2613.12 50.00
105.00 122.76 AT SUPPORT 2833.27 52.50
110.00 125.20 AT SUPPORT 3054.12 55.00
115.00 127.43 AT SUPPORT 3274.27 57.50
120.00 129.47 AT SUPPORT 3465.12 60.00
125.00 131.35 AT SUPPORT 3715.27 62.50
130.00 133.08 AT SUPPORT 3936.12 65.00
135.00 134.68 AT SUPPORT 4156.27 67.50
140.00 136.17 AT SUPPORT 4377.12 70.00
145.00 137.56 AT SUPPORT 4597.27 72.50
150.00 138.85 AT SUPPORT 4818.12 75.00

NOTE: Distance X refers
to distance from
left support.
Impact is not
included
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MAXIMUM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM
Work Car Consist No IV = 1 Flat Car (04449) + 4 Work Motor Cars (01400)

SPANLENGTH | MAX SHEAR (K) | AT DISTANCE X (FT) | MAX. MOMENT (K-FT) | AT DISTANCE X (FT)

(FT)

5.00 28.50 AT SUPPORT 34.49 2.50
10.00 37.53 AT SUPPORT 71.25 5.00
15.00 44.02 AT SUPPORT 126.33 6.26
20.00 47.29 AT SUPPORT 195.20 8.33
25.00 56.09 AT SUPPORT 265.49 12.50
30.00 63.18 AT SUPPORT 368.22 15.00
35.00 72.28 AT SUPPORT 490.39 20.42
40.00 75.84 AT SUPPORT 629.28 16.67
45.00 81.55 AT SUPPORT 767.03 18.75
50.00 83.47 AT SUPPORT 904.78 20.83
55.00 87.45 AT SUPPORT 1044.43 32.08
60.00 91.78 AT SUPPORT 1180.28 25.00
65.00 94.38 AT SUPPORT 1319.93 37.92
70.00 101.10 AT SUPPORT 1459.49 35.00
75.00 102.73 AT SUPPORT 1609.62 37.50
80.00 108.08 AT SUPPORT 1807.62 40,00
85.00 109.11 AT SUPPORT 2005.62 42.50
90.00 113.52 AT SUPPORT 2200.12 45.00
95.00 114.16 AT SUPPORT 2394.62 4750
100.00 117.87 AT SUPPORT 2592.62 50.00
105.00 124 .41 AT SUPPORT 2790.62 52.50
110.00 127 .48 AT SUPPORT 289512 55.00
115.00 133.42 AT SUPPORT 3179.62 57.50
120.00 135.86 AT SUPPORT 3377.62 60.00
125.00 140.99 AT SUPPORT 3575.62 62.50
130.00 144.62 AT SUPPORT 3813.80 65.00
135.00 147.43 AT SUPPORT 4076.49 67.50
140.00 153.64 AT SUPPORT 4366.54 58.33
145.00 155,82 AT SUPPORT 4696.96 60.42
150.00 161.47 AT SUPPORT 5027.38 62.50

NOTE: Distance X refers to distance from left
support.
Impact is not included
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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 168.33 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 1879.42 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 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
115.00 202.01 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 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.
tmpact is not included
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GUIDELINES FOR LOAD RATING MBTA TRANSIT BRIDGES

MAXIMUNM MOMENT AND SHEAR ON A SIMPLY SUPPORTED BEAM

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

(FT)

5,00 38.00 AT SUPPORT 47.50 2.50
10.00 4750 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 66.73 AT SUPPORT 342.95 10.42
30.00 73.66 AT SUPPORT 435.42 17.50
35.00 82.34 AT SUPPORT 549,50 17 50
40.00 91.04 AT SUPPORT 875.75 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 1214.21 27.50
60.00 118.83 AT SUPPORT 1435.46 30.00
65.00 12523 AT SUPPORT 1686.84 32.50
70.00 131.82 AT SUPPORT 1939.34 35.00
75.00 138.45 AT SUPPORT 2191.84 37.50
80.00 145.54 AT SUPPORT 244558 40.00
85.00 151.80 AT SUPPORT 2731.34 42.50
90.00 157.59 AT SUPPORT 3046.34 45.00
95.00 164.56 AT SUPPORT 3365.71 47.50
100.00 171.97 AT SUPPORT 3717.08 50.00
105.00 179.40 AT SUPPORT 409459 52.50
110.00 186.16 AT SUPPORT 4472.09 55.00
115.00 192.63 AT SUPPORT 4849 59 57.50
120.00 199.85 AT SUPPORT 5234.58 60.00
125.00 207.54 AT SUPPORT 5643.33 62.50
130.00 215.10 AT SUPPORT 6053.60 65.00
135.00 222.09 AT SUPPORT 6520.48 67.50
140.00 229.14 AT SUPPORT 7014.26 70.00
145.00 236.18 AT SUPPORT 7518.01 72.50
150.00 24344 AT SUPPORT 8032.38 75.00

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