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STATE HI GHWAY DEP A.RTMENT OF TEXAS 

SPECIFICATIONS FOR DESIGN 

OF 

STRUCTURES 

WATERWAY 

O. DETERMINATION OF WATERWAY .AREA. , For the determination of 
the waterway area to be provided by any drainage structure, a care­
ful study shall be made of local conditions, including flood height 
and flow, size and performance of other openings in the vicinity 
carrying the same stream, characteristics of the channel and of 
the watershed area, climatic conditions, available ra:l:lfall records 
and any other information pertinent to the problem and likely to 
affect the safety or economy of the structure. 

For culverts and small bridges, waterway formula~ or drainage 
tables may be used to assist in fixing the proper size of opening. 
The use of such formulas or tables is justified only to the extent 
that they are known to fit local conditions. However, their use 
shall serve merely as a guide and shall not obviate the need for care­
ful field observation and the exer~ise of intelligent judgment. 

In general , the waterway provided shall be sufficient to insure 
the discharge cf flood waters without undue backwater head and a~ 
a velocity which wil l not increase the erosive action of the stream 
to such an extent as to endanger the structure. 

1, RESTRICTED WATERWAYS. When it is necessary to restrict the 
waterway to such an extent that the stream will be discharged at 
erosive velocities, protection against damage due to scour shall be 
afforded by deep foundations, curtain or cut-off walls, rip-rap, 
stream bed paving, or other suitable means. Likewise, embankment 
slopes adjacent to all structures subject to erosion shall be ade­
quately protected by rip-rap, brush mattresses, tree retards, wing 
dams, or other suitable construction. 

2 • . CHANNEL OPENINGS, The channel openings shall conform in 
width, height and location to all Federal; State and local require­
ments, Particular attention is directed to the Fe~eral laws govern­
ing the bridging of navigable waters and to the fact that the U. S. 
War Department exercises control over ail the navigable waters of the 
United States. . 

The clear width of all openings and the clear vertical distance 
between the sunerstructure and flood water elevation shall be suf­
ficient for the passage, without damage to the structure; of the 
largest drift or debri~ which may be expec'ted . The minimum distance 
from low part of superstructure to flood water elevation shall pre­
ferably be about three feet, 
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3. PIER SPACING AND LOCATION. Piers shall be located in such 
manner as to meet the above spec ified. requirements for channel 
ouenings. They shall be located so as to afford the minimum restric­
tion of the waterway, especially in the main stream channel. In 
general, piers shall be pl aced as nearly parallel with the di r ection 
of the stream current as i s pr ac ticab l e, due consideration being 
given to the velocity and di r ection of current at both ordinary 
and highwater stages, so as to avoid such deflections of the cur­
r ent a s mi gh t prove des tructive to the foundations of the structure 
or to the adjacent stream banks. 

The spacing of piers shall be such as to r educe the cost of 
the whole structure to a mi nimum consistent with the above conditions. 

4 . SIZE OF CULVERT OPENINGS •. In general, culverts shall be pro­
portioned to carry the maximum flo.od discharge wi thout head. If the 
maximum flood discharge occurs only at rare intervals, culverts may 
be des i gned to carry it · under slight head, provided they are pro­
tected against undermining by means of adequate pavements and ap ron 
or cut-off walls and t hat adjacent embankments are protected from 
erosion by rip- .r ap or othe r sui table means . 

ROADWAY 

5 . ~IDTH .2~Il:':.'<·':i .. ,:_ .~\ND SIDEWALK> The w;.dth of roadway shall 
be t ho ci. 2.~,:." V;"::. 0 ", i.l r;,.~~ ;:''' -;1 1red at righ t an6: as to the l cngi t~.!d.. i r..al 

center li llA vi' t h" b.,·;.o..;;e between the tops of curbs or guard tim­
bers, if these exlst; ot herwise, it shall be the clear width in:' 
si de to insid.e of the handr ai l s or other f Encelike protecti ons 
paralleling the s i des of the s tructures. 

Upon structures having a s i dewalk , the clear width of side 
walk shall be measured a t righ t angles to the curb or guard timber 
and from the face thereof to the extreme inside portion of the hand­
r ail. For structures ha~ng trusses, gi rders or parapet wal l s ad­
jacent to the curbs, the width of. si dewalk shall be measured from 
their extreme outside portions to the inside of the handrail. 

6. LENGTH OF CULVERTS. The length of culverts shall be suffi­
cient to provide the full re quired width of r oadway or width at 
the top of embankment. The a ssumed slope of the embankment shall 
be suitable for the particular filling material involved and shall 
be such as to eliminate any tendency for the embankment slopes to 
slip or slide. 

7. C~~~CES. The clearance width shall be the ' clear width 
available, and the clearance height shall be the ·clear he i ght avail­
able, for the passage of vehicular traffic, as shown on the clearance 
di agr ams . ~ig . 1. 

Unless othe~vise provided the several parts of the structure 
shall be constructed to secure the following limiting dimensions 
or clearances for traffic. 
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Bridges constructed for t he use of two-way highway traffic 
shall have a roadway clearance not less than tha t shown in Fi gure 
1. The roadway width shall "be increa sed a t least 9 f eet for each 
additional lane of traffic. 

8. CURBS. The projection of the curb. measured from that 
portion of the rail nea rest the roadway, shall not be less than 
6 inches and preferably shall be not less than 91nohes. The curb 
height shall be not less than 9 inches above the adj acent finished 
roadway surface. 

Concrete curbs shall be designed to resist a l ateral force 
of not less than 500 pounds per linear foot of curb , applied a t 
the top of the curb. 

9. RAILINGS. Substantial railings shall be prOvided alo~~ each 
side of the bridge for the protection of traffic. Preferably , the 
top of railing shall be not less than 3'-0" above the finished 
surface of the roadway adjacent to the curb, and, when on a side­
walk, shall be not less than"3'0" above the sidewalk floor. 

In general, railings shall be of two classes as follows: 

1, Railings for the protection of pedestrians on bridges in 
cities and villages. 

2. Railings suitable for use on country bridges which are 
not subject to general pedestrian traffic. 

Metal Railings. Metal railings shall be desi gned t o resist a hori­
zontal force of not less than 500 pounds per linear foot, for Federal 
Aid projects and 150 pounds for Sta te projects . applied at the top of 
rail , and a vertical force of not less than 100 pounds per linear foot, 

Metal railings of the second class may consis t of not less 
than two lines of horizontal rails of approved section. 

Metal railings of the first class shall cons i st of an upper 
and a lower horizontal rail connected by a suitable web. The clear 
distance between the top of curb Or sidewalk and the lower rail shall 
not exceed 6 inches. 

All connections to posts, truss memb<lrs . etc •• " shall contain 
not less than two rivets or bolts each. Ample prOvision shall be 
made for movement due to temperature. 

Concrete Railings. Concrete railings shall be designed to resist a 
horizontal force of not less than 500 pounds per linear foot for 
Federal Aid projects and 150 pounds per linear foo t for State projects, 
applied at the top of the rail. and a vertical force of not less than 
100 pounds per linear foot. 

Openings in concrete railings of the first class shall be 
proportioned with due regard to the safety of persons using the 
structure." 
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Provision shall be made for the expansion and contraction 
of concrete r a iling s a t interval s cons i stent wi th the design . 

10 . DRAINAGE . The transverse drainage of roa.dways shall be 
secured by meo.ns of a sui t abl e crown in the road\7ay surface. 
Longitudinal drainage shall be secured by means of sa uppe r s or 
dr ains of ampl e size, constructed in t he gut t e rs or curbs a t 
suitable interva l " . The details of fl oor dro.ins shall be such 
as to "' :'e vent the d.i schar ge of drainage wa ter ag,,"ns t ariy p ortion 
of t he structure. Overhanging detai ls in concrete and timber flo ors 
preferably shall be provided wi th drip beads. 

11. BLAST PROTECTION. On bridges over r a ilroad tracks, metal likel y 
to be injured by locomotive gases shall be protected b;r bl as t p l ates 
loca t ed over t he centerline of the track . The p l ates shall be not 
less than 5/16 inch thick and shall be so suppor ted th['.t they may be 
r ep l aced r eadily. Pockets which will hold locomotive gases shall 
be avoided if p r ac ticable . 

TYPES OF STRUCTURES A1~ GOVERNI NG SPAN LENGTHS 

Preferably, the type of bri dge to be use d for vari OUs span 
lengths shall be as follows, though special conditions may war­
r an t a deviation therefrom. 

12 . STEEL STRUCTFRES. 

Rolled beams, up to •...••••........•...•..• 60 feet 
Plate girders .............. ............. . . . 
Low rivete d trusses ....................... . 
Rive ted trusses ................... ........ . 
Riveted or pin- connected trusses above ••..• 

13 . CONCF.ETE ST:?\JCTURES : 

Sl ab spans or box culver ts up to .....••.••• 
Simple girde r spans •••.•....... . .. ..• . • . ... 
Ar c!le s •.................................... 

30 to 100 " 
45 to 100 " 
90 to 150 " 

150 " 

24 feet 
18 to 60 " 
All span leng ths 

1 4 . CLASSI]'I CATI ON OF B:<IDGES. The classification of b ri dge s 
with reference to traffic shall be as follows : 

Cle.ss "AA". Bridges for specially heavy traffic uni ts in 
10c 2c tions where the passage of such loads is frequent. 

Cl a ss "A". Bridges for normally heavy traffic uni ts and the 
occasional passage of . specially heavy loads. 

Class "B". Bridges fo r light t r affic units and the occasional 
passage of nor mally heavy l oads. Cl ass "B" bridges shall be con­
s i de r ed as temporary or semi-temporary structures . 

15 . LOADS. 
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loads and forces: 

(a) Dead Load. 
(b) Live Load. 
(c) Impact or dynamic effect of the live load. 
(d) Lateral forces. 
(e) Other forces, when they exist, as follows: 

Longitudinal force; centrifugal force; and 
thermal forces. 

I~embers shall be proportioned for the combination of loads 
and forces producing the maximum total stress, except as otherwise 
provided herein. 

Upon the stress sheets a diagram of the assumed live loads 
shall be shown and the stresses due to the various loads shall be 
shown separately. 

16. DEAD LOAD. The dead load shall consist of the weight of 
the structure complete, including the roadway, sidewalks, pipes, 
conduits, cables and other public utility services. 

The snow and ice load is considered to be offset by an 
accompanying decrease in live load a nd impact and shall not be 
included except under special conditions . 

In the case of structures having concrete slab .. floors, an 
adequate allowance shall be made in the des ign dead load to provide 
for the weight of a wearing surface, This allowance will depend 
upon the type of wearing surface contemplated; it shall be in ad­
dition to the weight of any monolithically placed concrete wearing 
surface; and shall be not less than 15 lb. per square foot of 
roadway. 

The following weights are to be used in computing the dead load; 

Weight per cubic foot 
pounds 

Steel .... ........ .. ...... ................ .. .......... ........ .. .. 
Cast Iron .......................... il ............................. .. 

Timber (treated or untreated) •••••••••• 
Concrete, plain or reinforced •••••••••• 
Loose sand and earth ••••.•...•••••••••• 
Rammed sand or gravel, and ballast •.••• 
Macadam or gravel, rolled •••••••.•.•••• 
Cinder filling ................................................ .. 
Pavement, other than wood block 
Railway rails and fastenings •••••.•.••• . 

490 
450 

60 
150 
100 
120 
140 

60 

150 per lin. ft. 
of track. 

17. LIVE LeAD. The live load shall consist of the weight of 
the applied moving load of vehicles, cars and pedestrians. 
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18. HIGHWAY LIVE LOADS. The highway live load on the road-
way portion of the brid,ge shall consist of trains of motor t rucks, 
or equivalent loads, as hereinafter specified. Each loading is 
designated by the letter IIHII, followed by a numeral indicating 
the gross weight in tons of the heavie s t loaded truck in the train. 

19 . TR'''FI C LANES. The truck trains or eouival ent loads shall 
be assumed to occupy traffic lanes, each having a width of 9 feet 
corresponding to the standard truck clearance width. ';Ii thin the 
curb to curb width of the roadway, the traffic lanes shall be 
assumed to occupy any posi tion which will produce the maximum 
stress, but which will not involve overl apping of ad.jacent hUles, 
nor pl ace the center of the lane nearer than 4 feet 6 inches to 
the roadway f ace of the curb. 

20. TRUCKS. The wheel spacing, wei ght distribution, and 
clearance of the trucks used for design purposes shall be as shown 
i n Fig. 2. 

21. HIGHWAY LOADING. The highway loading shall be of thr ee 
classes, namely, H20, Hl5. and HIO, and may be either truck t rain 
loadings or equivalent loadings. Loadings H15 and HlO are 75 per 
cent and 50 per cent, respectivel"' , of Loading H20. 

(a) Truck Train Loadings. The truck train loading shall be 
as shown in Fig. 4 and shall be used for loaded lengths of less 
than 60 ft. It shall consist of one truck of the gross we i ght 
indicated by the loadi ng class followed by, or preceded by, or 
both followed and preceded by, a line of trucks of indefinite 
length, each of the following or pr eceding trucks having a gross 
weight of three-fourths of the gross weigh t indicated by the 
loading class. / 

Trucks in a dj acent l anes shall be considered as headed in 
the same direction. 

(b) Equivalent Loading . Rhe equival ent loading shall be . 
as shown in Fig. 3, and shall be used only for loaded lengths of 
60 feet' or greate r. It shall consist of a uniform l oad per linea r 
foot of traffic lane combined with a single concentrated load so 
pl aced on t he span as to produce maximum stress. The concentrated 
load shall be considered as uniformly distributed across the lane 
on a line nor mal to the centerline of the lane. For the computation 
of moments and shears, different concentrated load,s shall be used 
as indicated in Fi g . 3 . 

22. SELECTION OF LOADINGS. Bridges of the different classes 
shall be designed for the loadings as follows: 

Class of Bridge 

23. APPLICATION OF LOADINGS. 
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by that one of the following methods which produces the greater 
maximum stress in the member considered, due allowance bei ng made 
for the reduced load intensities hereinafter specified for roadways 
having loaded widths in excess of 18 feet. 

(1) Each traffic lane loading shall be considered as a uni t, 
and the number and position of the loaded lanes shall be such as 
will p roduce maximum str ess . 

(2) The roadway shall be considere d as loaded over its 
enti r e width with a load per foot of width equal to one- nin t h of 
the load of one traffic lane. 

24 . REDUCTION IN LOAD INTENSI~I . If the loaded width of the 
roadway exceeds 18 fe e t, the specifi ed loads shall be reduced one 
per cent for each foot of loaded roadway width in excess of 18 feet 
with a maximum reduc tion of twenty- five per cent, corresponding 
to a loaded roadway width of 43 feet. If the loads are lane loads, 
the loaded width of the roadway shall be the aggregate width of the 
l~~es considered; if the loads are di s tributed over the entire width 
of the ~oadw~y, the loaded wi dth of the roadway shall be the full 
width of roadway be tween curbs. 

25. SIDEWALK AND FOOT BRIDGE LOADING. Sidewalk floors, stringe rs, 
and their immediate supports shall be designed for a live load nf not 
les s than 100 lb. per square foot of sidewalk area. 

Girders or trusses of bridges with sidewalks shall be designed 
for a sidewalk live load determined by the following formula: 

P IS (40 f 3000) (55 - W), in which: 
L 50 

P = Live load in l b . per square foot of sidewalk 
area, but not to exc ee d 100 lb. per square 
ft. 

L =Loaded lengt h of sidewalk in feet. 
W = Width of sidewalk in feet. 

In calculating stresses in structures which support 
c~~tilevered sidewalks, the sidewalk shall be considered as fully 
loaded on only one side of t he structure if th i s condition p roduces 
maximum stress. 

All parts of foot bridges sha,ll be designed for a live load 
of not less than 100 pounds per square foot . 

26 . IMPACT. Live Load stresses, except t hose due to s idewalk 
loads and centrifugal, trac tive, and wind forces, shall be increased 
by an allowa~ce for Q,ynamic vibratory, and i mpact effects. 

The amount of thi s allowance or imcrement is expressed as a 
fraction of t he live load stress, and shall be determined by the 
formula: 
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I = 50 , in which: 
L f 125 

I = Impact fraction. 
L ~ The l ength in feet of the portion of the 

span which is loaded to produce the maximum 
stress in the member considered. 

A maximum of 25% i mpac t fo r concrete spans and 30% for steel 
spans shall be used. 

27. LONGITUDINAL FORCE. Provision shall be made for the effect 
of a longi tudinal forc e of 10 per cent of the live load on the 
structure, acting 4 fe e t above the floor. 

28. LATERAL FORCES. (al Tne wind force on the structure shall 
be assumed as a moving horizontal load equal to 30 lb. per square 
foot on l~ times the area of the structure as seen in elevation in­
cluding the floor system and r ailings and on one- half the area of 
all trusses or girders in excess of two in the span. 

(bl The lateral force due to the moving live load and the 
wind pressure against it, shall be considered as acting 6 feet above 
the roadway and shall be as follows: 

Highway bridges, 200 lb. per linear foot. 

(c) The total assumed wind force shall be not les s than 
300 lb. per linear foot in the plane of the loaded chord and 150 lb. 
per linear foot in the plane of the unloaded chord on truss spans, 
and not less than 300 lb. per linear foot on girder spans. 

(d) In calculating the uplift, due to the foregoing later al 
forces, in the posts and anchorages of vi aduct towers, highway 
viaducts shall be considered as loa.ded on the lee"ard traffic l a:'le 
wi th a uniform load of 400 lb. per linear foot of lane. 

(e) A winc." r essure of 50 lb. per square foot on the unloaded 
structure, applied as spec i fied above in paragraph (a), shall be 
used if it produces greater stresses than the combined wind and 
lateral forces of paragraphs (a) and (b). 

29. F0RC!!S OF STREAM ClJRRENT. FLOATING ICE AND DRIFT. All 
pier s and other portions of structures which a r e subject to the 
force of flowing water, floating ice, or drift shall be designed 
to resist the maximum stresses induced thereby. 

The force due to stream current shall be determined by the 
formula: 

p .. 11. v 2 
2 

v = Veloci ty in feet per sec . 
P = Lbs. per square ft. of cross-section 

exposed to current. 
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30. PRESSURE FROM BETAI NED MATERIAL. S truc ture s designed to 
retain fills shall be proportioned to withstand pressures as given 
by Rankine's formula, provided, however, that no structure shall be 
designed for an equivalent fluid pressure of less than 30 pounds 
per cubic foot. The above dead load pressure shall be increased 
to provide for any live load surcharge which may exist. 

All designs shall provide for the thorough draiIla6e of back 
filling material by means of weep holes with French drains, or 
other sui table means. 

31.. THERMAL FORCES. Expansion. In all statically detenninate 
structures, provision shall be made for expansion due to an ex-
treme variation in temperature of from -- 40 degrees to f 120 degrees 
Fahrenhei t. 

Thermal Stresses. In all statically indetenninate structures, 
provision shall be made for the stresses resulting from the follow­
ing variations in temperature: 

Metal structures: From 0 degrees to f 120 degrees Fahr., the 
rise and fall in temperature shall be figured from an assumed mean 
temperature, 

Concrete Structures. 
Temp. Rise 
30 deg. F. 

UNIT STRESSES 

Tem. Drop 
40 deg. F. 

32. GENERAL. Except as otherwise provided herein, the several 
parts of a structure sha~l be so proportioned that the unit stresses 
will not exceed the following • . Unless otherwise noted, all unit 
stresses are given in pounds per square inch. 

STEEL STRUCTURES 

33. STRUCTURAL GRADE AND RIVET STEEL: 

Tension: 
Axial tension, structural members, net 
section............................................ 16,000 
Rivets in tension, where permitted-_50% of 
single shear values. . 
Bolts, area at root of thread •..•..••••...•••••• 10,000 

Axial Compressi'on: 
Axial compression, gross section................. 15,000_50 L/R 
but not to exceed 13,500. 
L = length of member, in inches., 
R = least radius of gyration, in inches 

Bending on Extreme Fiber: 
Rolled shapes, built sections and girders, net 
section ............................................... .... 16,000 
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Pins .................................................. 24,000 

Shear: 
Girder webs, gross section ........................ . 
Pins and shop driven rivets .... ........... ~ ..... . 
Power driven field rivets and turned bolts ••• 
Hand driven rivets and unfinished bolts •••••• 

Bearing: 
Pins, steel parts in contact and shop driven 
ri vets .......................................................... . 
Power driven field rivets and turned bolts ••• 
Hand driven rivets and unfinished bolts •••••• 
Expansion rollers, pounds per linear inch •••• 
Where d = diameter of roller in inches 

Countersunk Rivets: 

10,000 
12,000 
10,000 

7,500 

24,000 
20,000 
15,000 

600d 

In metal 3/8 inch thick and over, half the depth of counter­
sink shall be omitted in calculating bearing area. 

In metal less than 3/8 inch thick, countersunk rivets 
shall not be assumed to carry stress. 

Diagonal Tension: 
In webs of gi rders ~~d roll ed beams, at sections where 

maximum shear and bending occur simul taneously 
...................... 16 ,000 

34. OTHER y;ETALS: 

Axial Tension: 
Wrought-iron .............. , ... , ...................... . 12,000 

Bending on Extreme Fiber: 
Cast Steel ........... , ........................................... 12,000 
Cast 1ron ......... ,............................................ 3,000 

Shear: 
Cast steel .................................................. 10,000 
Cast 1ron ........................................................ 3,000 

Bearing: 
Cast steel .............................. , ........................... 14.000 
Cas t iron .............................. ................... ...... 10,000 
Bronze sliding expansion bearings ••.•...•••• 3,000 

35. BEARING ON BRIDGE SEATS: 

Bearing on concrete masonry, limestone masonry 
and better .................................................... 500 

CONCRETE STRUCTUF~S 

36 • CONCRETE: 

Direct Compression: 
Columns reinforced with longitudinal bars and separate 
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Lateral ties ................ ' .................. . 
But not to exceed ••••• •. .•............. . ...• 
Where L = unsupported length of column 

D = least dia~eter of col~~n 
Piers and pedestals •••••••.. • •..... . ..•••..• 

600_15 LID 
450 

450 

Compression Due to Bending: 
Beams and sl abs •••...•...••....... ....•.•.•• 650 
Arch rings , including temperature a~d rib shortenF~800 

Tensi on ... ......... .. ....... _. . . • . . . . . . . . . . . . . . . . . . . . ZERO 

Shear (Diae;onal Tension): 
Beams without shear reinforcement, Longitudinal 
bars not anchored............................ . 40 
Longitudinal bars anchored •••••....•••••.•.• 60 
Beams with shear reinforcement •....•. • .. • ..• 120 

funching Shear ..................................... . 120 

37. REI NFORCEMENT: 

Tension: 

Beams and slabs ............... 0 •••••••• ' •• '0, t.. 16,000 
Arch rings, inctuding temperature and rib 
shortening ................................................. 20.000 

Compression __ l5 times stress in surrounding concrete. 

Bond: 
Bars not anchored ................. . ..................... . 80 
B<..:·s adeaua t6ly anchored by hooks or 
otherwi se ........................... 0· " •••• , ........ 0 .. 120 

(NOTE: The above allowable unit st r ess values for concrete and 
for bond on reinforcement are bas ed on an ultimate compressive 
strength value of 2200 pmL~ds per square inch at the age of 
28 days when tested in accordance with the Tentative Standard 
Me thods of Sampling and Testing of the American Association of 
Sta t e Highway Official s . 

When the aggregates used and the laborator y and field contr ol 
of concrete mixtures are such tha t a uniformly higher ultimate 
compressive strength i s insured, then the ab ove unit str esses may 
be i ncreased by a maximum of 15% for concrete having an ul timate 
strength of 2 ,800 pounds per souare inch or more a t the age of 28 
days and proportionally for intermediate value s of ultimate str ength, 
except that the stress due to bending in arch rib s when the effects 
of temperatu re and rib shortening ar e include~ shall in no case 
exceed 800 pounds per square inch. 

lihen economr may be obtained by the use of ae;gregate s which I 
will r esult in concrete having a lower ultima t e str ength than 
2,200 pounds per souare inch at the age of 28 days, the above 
uni t stresses shali be reduced in the proportion that the lower 
ultimate strength in pounds persouare inch bears to 2 ,200). 
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38 . BE.ARIN~ POWER OF SOILS. For the designs of founda.ti ons , 
the following unit bearing values m~y be assumed in the absence 
of definite information o.s to the actual bearing power of the 
foundat ion in question . I n t his t abulat ion it i s intended to 
cover only broad basic gr otlps of materi als and to specify for 
these 8. maxi mum r ange i n bearing p ower. These groups may be 
furthe r subdivided to provi de fo r speci al condi tions. 

Mat erial s . 

Al luvial earth and l oam , confi ned ••.••..•.•• 
Soft clay, dry ea rth and loam ••..•.•••• ••••• 
confined •............................... . ... 
Or dinary cl ay and sand cl ay , confined •••••• • 
Dr y clay and fine sand, firm , con-
fined .......... . .......••.. • ......... ....... 
Hard clay, coar se sand, and uncemented 
grt\vel compac ted ....................... . ... . 
Gravel and coar se sand, cemen ted ....... ..•.. 
Soft r ock, cle~~ed to solid be d •••. •.•.••• .• 
Ordinary rock, cleaned to soli d r ock ••..•••• 
nar d bed rock .. ... . ................. ....... . 

Tons per Sq, . 

. 0 to 

0 . 5 to 
1.5 to 

2 .0 t o 

3 .0 to 
5.0 to 
7.0 to 

10.0 to 
15.0 to 

The se pressu r es a re based on the assumption that the 

Ft. 

0.5 

1.5 
2 .0 

3 .0 

5 .0 
7.0 

10.0 
15.0 
25 .0 

mat e rials are in mass and not simpl y in thin l aye r s. Gene r ally 
foundation pressures for culverts shall not exceed 1 .5 and for small 
bri dges shall not exceed 2 .0 tons per square foot. 

If t ests. are made. the t es t load shall be one and one- half 
t i me s the pr oposed pressure . The test load shall r emain for 48 
hours during which tim~ it shall show no settl ement. 

The most unfavorabl e conditions of buoyancy shall be assumed 
in all calcula tions. Gener ally. in determining foundation .pr essures 
use the buoyancy due to extreme l ow water , and for stability against 
late r al forces use t he buoyancy effect of extreme high water. 

39 . TIMBER STRUCTURES. The fo llowing unit stresses are per-
mi tted for fir st quality Yni te Oak , Southe rn Yellow Pine. Douglas fi r, 
Longleaf Pine, Shortleaf Pine, Cuban Pine., or a timber having as 
gr eat strength and dur ab ility; and are fo r use with computed str esses 
which contain no allowance for live load i mpact . 

Axial tension and bending in ex t r eme fiber •••••• • •• 1, 600 
Horizontal Shear in Beams •.. .... . .........•..•.•••• 110. 

Compres sion Parallel to the Gr e.i n: Short columns. 
Cs •.••........•.. • tt ............................. ... 1,150 
Compr ession perpend.iculn.r to tile g ra in ... ..•.••.... 275 
Shear parallel to the grain . . ... . .............. .•.• 1 80 
Ultimat e modulus of elastic ity • • • .• • •••••••••• •• 1.600.000 

Axial Compress ion in 'rimber Columns 

P = (4/3 Cs) 
10-35-1311 
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The value of "p" shall not exceed the value of "Os" 

p = unit compres sive stress in column 
Os ~ unit stress for compression parallel to grain in short 

columns 
L = unsupported length of column 
D =' least diameter of column 

Bearing on Inclined Surfaces 

P = Cp (Os - Cp) 9 
8100 

p = unit bearing 
en = unit stress 
<fs =, unit stress 

stress on inclined surface 
for compression perpendicular to grain 
for compression parallel to grain in short 

columns 
~ = angle in degrees between 

fibers (axis of p iece) 

Horizontal Shear in Beams: 

bearing surface and direction of 

Horizontal silear in b"ams shall be computed from the maximum 
shear occuring a t a dist;mce from t he support eo,ual to three 
times the depth of the beam . 

Dr STP.I ,BUT I ON OF LOADS 

40. THROUGH EARTH FILLS. llhen the depth of fill is 3'..,0" or 
more, concentrated loads sh~~l be considered as uniformly distri­
buted over 11 square, the sides of which are equal to 1 3/4 times 
the depth of fill. When such areas from several concentrations over~ 
lap, the total load shall be c,onsidered as u..'liformly distributed 
over the area defined by the outside limits of the individual areas, 
but the total width of distribution shall not exceed the total width 
of the supporting slab. For single spans, the effect of live load 
may be neglected when the depth of fill is more thaa 4 feet and ex­
ceeds the span length for multiple spans. it may be neglected when 
the depth of fill exceeds the distance between faces of end supports 
or abutments. 

41 . IN OONCRETE SLABS. In calculating be>nding stresses due to 
wheel loads on concrete slabs, no distribution in the direction of 
the span of the slab shall be assumed , In the direction perpendicular 
to the span of the slab, the wheel lo~d shall be considered as distri­
buted uniformly over a width of sl ab which is known as the "effective 
wicithll , 

In the following equations let 
S = span of slab in feet 
W = width of wheel or tire in feet 
X .. dist=ce in feet from the center of the near support 

to the center of wheel 
E = effective width in feet for one wheel 

Case I. Main Reinforcement Parallel to Direction of Traffic . 
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E = .7 Sf'il 

For this case the value of "E" shal l not exceed 7 feet. 

~~en two wheels are so located on a transve r se element of 
the sla·b that their effective widths overlap, the effective width 
for each wheel shall be 1/2 (Efa) , where "a" is the di stance between 
centers of wheels. 

Case II, Main Reinforcement Perpendicular to Direction of Traffic. 

E = 0 .7 (2XfW) 

For this case the bending moment on a s trip of slab one foot 
in width shall be determined by placing the wheel l oads in the 
pos ition to produce maximum bending ; determining the effective 
width for each wheel; and assumi ng the load delivered by each wheel 
to the one foot strip to be t he wheel load divided by its respective 
effec tive width. 

This design assumption does not p r ovide for the effect of 
loads near unsupported edges . Ther efor e, at the ends of the br idge and 
at intermediate poi nts where the continui ty of the slab is broken, 
the edges of the slab shall be suppor ted by di aphr agm or other 
suitable means . 

Slabs designed for bending moment in accordance with the fore­
going rules and for the wheel load.s cont&mplated by these speci­
ficat ions may be consi dered adequate for shear without special 
reinforcement. 

42 , I N FLAT SLABS S~rPORTED ON FOUR SIDES. In the case of 
fl a t sl abs supported along four edges a.'ld reinforced in both directions, 
the proportion of the l oad carri ed by the shor t span of the slab 
shall b" assumed as t~iven by the foll0-.1ing equa tions: 

Load Uniformly Di stributed 

p = b
4 

a4 f b4 

Load Concentrated at Center 

b 3 
P = -a""3 =-f"'-::-b"73-

wher e p = p r oportion of load carried by short span 
a = l ength of short span of sl ab 
b = l ength of l ong span of slab 

When the leng th of the slab exceeds l~ times its width, the 
enti r e load shall be assumed to be carri ed by the transverse re­
i!lf Orcemen t. 

In placing the r einforcement in such slabs, consideration shall 
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be given to the fact that the bending moment is greater near the 
center ,)f the slab than near the edges. Also, il, the design of the 
supporting beams, consideration shall be given to the fact that 
the loads delivered to the supporting beams are not uniformly dis­
tributed along the beams. 

43. DI STRIBUTI ON OF TRUCK WHEEL LOADS TO STRIN::lERS AND FWORBEA1iS. 
In calculating end shears and end reactions of stringers and floor­
beams, no late ral or longitudinal distribution of wheel loads shall 
be assumed. 

44. BENDING MOMENTS IN STRINGERS. In determining bending mo-
ments in stringers, each wheel load shall be assumed as concentrated 
at a pOint. '1lhen the floor system i s desiened for one truck, each 
interior stringer shall be proportioned to support that part of one rear 
wheel load, or those parts of one front wheel load and one r ear 
wheel load, represented by a fraction whose numerator is the stringer 
spacing in feet and whose denominator is: 

4' _0" for plank floors. 
5'-b" for strip floors 4 inches or more in thiclmess and 

f or wood blocks on a 4" pla.n k sub-floor. 
6'_0" for r einforced concrete floors. 

45. men the floor system is designed for two trucks, each 
interior stringer shall be proportioned to support that part of one 
r ear wheel load, or those parts of one front wheel lead and one rear 
"heel loud, represented by a fraction whose numerator is the stringer 
spacing in feet and whose denominator is; 

3'_6" for 
4' _0" for 

for 
4' _5" for 

plank floors. 
strip floors 4 inches or more in thickness and 
wood blocks on 4" pla!lk sub-floor. 
reinforc ed concrete flo ors. 

46. The live load sup~orted by the outside stringers shall be 
the r eaction of the truck wheels in the most unfavorable posi tion, 
a ssuming the flooring to ac t as a simple beam. 

47. The above distribution rules govern only when the stringer 
spacing is not greater tha'l 5' _0" for plank floors, 5' _6" for strip 
floo r s 4"· or more in thiclmess and for wood blocks on 4" plank sub­
floor, and 10'-0" for reinforced concrete floors. When the stringer 
spacing is greater than this distance , the stringe r loads shall be 
determined by the reac tions of the truck wheels placed in the most 
unfavorable position, aSG~ing the flooring betwe en stringers to 
act as simple beams. 

48, The combined load capacity of the stringers in a panel shall 
be not less than the total live and dead load in the panel, 

49, BENDING MOMENTS I N FLOORBEAMS, In determining bending mo­
ments in floorbeams, each wheel load shall be assumed as concentrated 
a t a point, 
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When stringers are omitted and the floor is supported 
directly on the floorbeams, the latter shall be proportioned to 
carry that fraction of one axle load, when the floor system is 
designed for one truck, or of two axle loads, when the floor system 
is designed for two trucks, whose numerator is the floorbeam spacing 
in feet and whose denominator is: 

4'-0" for plank floors 
51-0" for strip floors 4 inches or more in thickness 

and for wood blocks on 4" pl=t sub-floor. 
6 ' -0" for reinforced concrete floors 

When the spacing of floorberuas exceeds those specified above 
for the different types of floor the floorbeam loads shall be 
determined by the reactions of the truck wheels,assuming the floor­
ing between floorbeams to act as a simple beam. 

50. When the spacing of floorbeams exceeds the denominator given 
but is less than the axle spacing (14'-0") each beam shall be pro­
portioned to carry the full axle load or loads. 

When the floorbeam spacing exceeds the spacing of axles 
the load supported on each floorbeam shall be the maximum reaction 
due to the axle loads, assuming the flooring between floorbeams to 
act as a simple beam. 

I 

51. TRANSMISSION OF DEAD LOAD OF FILLS TO CULVERTS AND SHORT SPAN 
SLABS. All culverts and short span slab structures carrying a super­
imposed earth fill shall be p roportioned to carry the entire weight of 
all the filling material directly above the structure. 

SUBSTRUCTURES AND RETAINING WALLS 

52. PILING. Use of PilinR. In general, piling shall be used 
when footings can not, at a reasonabl e expense, be founded on rock or 
other solid foundation material. In streams where erosion is possible, 
piling preferably shall be used (if possibl e to drive) as a protec­
tion against scour, even though the safe bearing resistance of the 
natural soil is sufficient to support the structure without piling. 

Design Loads. Preferably, structures shall be proportioned to 
limit the maximum design load on timber piling to 15 tons per pile. 
In no case shall they be designed to support more than 22 tons per 
pile. The maximum design load on concrete piling may be assumed as 
from 25 to 35 tons per pile, depending on conditions. 

Piling shall be designed to carry the entire superimposed load, 
no allowance being made for the supporting value of the material 
between the piling. 

Spacing. Footing areas rulall be so proportioned that pile spacing shall 
be not less than 2'_6 11 center to center for timber piling. For concrete 
piling the spacing center to center shall be 3'-0" for piling having 
load intensity to and including 30 tons; 3'-6" for piling having load 
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intensity 31 to 35 tons, incl.; and 4'-0" for piling having load in­
tensity 36 to 40 tons, incl. The di s t ance from the side of any pile to 
the nearest edge of the f ooting shall be not less than 9 inches. 

Batter Piling. Then it is necessary to use piling under a r ch 
abu·tments, batter piling shall be used. 

Piling for hard driving prefe r abl y shall be shod with a metal 
shoe of approved pattern. 

53 . FOOTIN~S. Depth. The depths of footings shall be determined 
wi th re spect to the character of the foundation materials and the 
possibili ty of undermining. Except whe r e sol id rock is encounte r ed 
or in other special cases, the footings of all structures, othe r 
than cul verts , which ar e exposed to the erosive action of stream 
currents preferably shal l be founded at a depth of not l ess than 
four f ee t below the permanent bed of the stream. Stream pier s and 
a rch abut ments preferably shal l be founded at a depth of not less 
than six feet below str eam bed. The above pre ferred mini mum depths 
shall be increased as conditions may r equire . 

Footings not eXRosed to the action of stream currents shall be 
founded on a firm f~Uldation and at a deoth below frost. 

Footings for culverts shall be carried to an elevation sufficient 
to seCure a firm foundation, or a heavy r e inf orc ed floor shall be 
used to distribute the p r essur e over the enti r e horizontal area 
of the structure. In any location liable to ero sion, apron or cut-off 
walls shall be used at both ends of t he culvert,and, whe r e necessar~ 
the entire floor area between the wingwalls shall be paved. Baffle 
walls or struts ac r oss the unpaved bottom of a culvert barrel shall 
no t be used where the stream bed is subject to erosi on . When con­
ditions r equire, culvert footings shall be r einforced longitudinally, 

Anchorage. Footings on soli d rock, unless they are restrained 
by an overburden of resi stan t materials, shall be effec ti vely anchor ed 
by means of anchor bolts , dowels , keys or other sui table means. 

Distribution of Pressure. All footings shall be des i gned to 
keep t he maximum soil pressures wi thin safe bear inG values . In 
order to pr event unequal settlement, footings shall be des i gned to 
keep the pr essur e as nearly unifor m as pr acticabl e. In footings 
having unequal pressures and r equiring piling , the spacing of the 
piling shall be such as to secure as nearly equal loads on each 
piling as may be practicable . 

Internal Stresses in Spr ead Footings. Spread footings shal l 
be considered as under the act ion of downwar d fo r ces, due to the 
superimposed l oads, r esisted by an upward pr essure exerted by the 
foundation mate rial and distributed over the area of the footings 
as determined by the eccentricity of the r esultant of the downward 
forces. 
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When piling; are used under footings,. the upward reaction of 
the foundation shall be considered as a series of concentrated 
loads applied at the pile centers, each pile being assumed to carry 
its computed proportion of the total footing load. 

Footings shall be designed for bending stresses, for diagonal 
tension s tresses, and for punching shear around the peripher y of 
the column or pier shaft. The critical section for bending shall 
be taken at the face of the column, wall or pier shaft. Bending need 
not be considered unless the projection of the footing is more than 
two-thirds the depth. 

When a single spread footing supports a column, pier or wall, 
this footing shall be assumed to act as a contilever. When two or 
more piers or columns are placed upon a COmmon footing, the footing slab 
shall be designed for the actual conditions of continuity and restraint. 
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Reinforcement. Footing slabs shall be reinforced for bending 
-'ltresses and, where necessary, for diagonal tension. All baJ:s 
shall be effectively anchor ed to develop in bond the computed stress 
in the baJ:. 

The reinforcement for square footings shall consist of two or 
more bands of bars. The reinforcement necessary to resist the 
bending moment in each direction in the footing shall be determined 
as for a reinforced concrete beam; the effective depth of the foot­
ing shall be the depth from the top to the plans of the reinforce­
ment. The required reinforcement shall be spaced uniformly across 
the footing, unless the footing width is greater than the size of 
the coh~" :~ or pedestal plus tvfice the effective depth of the footing, 
in which case the width over which the reinforcement is spread may 
equal the width of the column or pedestal plus twice the effective 
depth of the footings plus one-half the remaining width of the foot­
ing. In order that no considerable area of the footing shall remain 
unreinforced, additional bars shall be p laced outside of the width 
specified, but such bars shall not be considered as effective in re­
sisting the calculated bending moment. For the extra bars a spacing 
double that used for the reinforcement within the effective belt may 
be used. When reinforcement is used in more than one direction the 
allowable unit bond stresses shall be reduced as follows: 

For two-way reinforcement •.•.••..••.•••••• 25% 
For each adQitional direction •••.•..•.•..• 10% 

Transfer of Stress from Vertical Reinforcement. The stresses 
in the vertical reinforcement of columns or walls shall be transfer­
red to the footings by extending the reinforcement into them a suffi­
cient distance to develop the strength of the bars in bond, or by 
means of dowels &~cl~ored in the footings and overlapping or fastened 
to the vertical bars in such manner as to develop their strength. 
If the dimensions of the footings are not sufficient to permit the 
use of straig.'lt bars, the bars may be hooked or otherwise mechanical­
ly anchored in the footings. 

54. ABUTMEllTS. Abutments shall be designed to withstand earth 
presrruxe, the weight of abutment ~ld superstructure, live load over 
any portion of the superstructure or approach fill and wind forces. 
The design shall be investigated for any combination of these forces 
which ma;)' produce the most severe condition of loading. 

Abutments shall be designed to be safe against overturning about 
the toe of the footing, against sliding on the footing base and against 
crushing of foundation material or overloading of piling at the point 
of maximum pressure. 

I n computing stresses in abutments, the weight of filling mate­
rial dir~ctly over an inClined or stepped r ear face, or over a rein­
forced concrete spread footing extending back from the face wall, may 
be considered as part of the effective weight of the abutment. In 
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the c9 se of a spread footing, the rear projection shall be designed 
as a centilever supported at the abutment stem and loaded with the 
full weight of the superimposed material. 

The cross section of stone masonry or plain concrete abutments 
shall be proportioned to avoid the introduction of tensile stress 
in the material. 

Reinforcement for Temperature. Except in gravity abutments, 
not less than one-eighth (0.125) square inch of horizontal reinforce­
ment per foot of height shall be provided near exposed surfaces not 
otherwise reinforced, to resist the formation of temperature and 
shrinkage cracks. 

Wingwalls. Wingwalls shall be of sufficient length to retain 
the roadway embarUanent to the required extent and to furnish protec­
tion against erosion. 

Reinforcing rods or other suitable rolled sections preferably 
shall be spaced across the junction between all wingwalls and abut­
ments to thoroughly tie them together. Such bars shall extend into 
the masonry on each side of the joint far enough to develop the 
strength of the bar as specified for bar reinforcement. If bars 
are not used, an expansion joint shall be provided at this point in 
which the wings shall be mortised into the body of the abutment. 

Drainage. The filling material behind abutments shall be ef­
fectively drained by weep holes with French drains, placed at suit­
able intervals. 

55. RETAINING ~11S. Retaining walls shall be designed to 
withstand earth pressure, including any live load surcharge, and the 
weight of the wall, in accordance \vith the general principles speci­
fied above for abutments. 

Stone masonry and plain concrete walls shall be of the gravity 
type. Reinforced concrete walls may be of either the cantilever, 
counterforted, buttressed, or cellular types. 

Base or Footing Slabs. The rear projection or heel of base 
slabs shall be designed to support the entire weight of the super­
imposed material. The base slabs of cantilever walls shall be de­
signed as cantilevers supported by the wall. 

The base slabs of counterforted and buttressed walls shall be 
designed as fixed or continuous beams of spans equal to the distance 
between counterforts or buttresses. 

Vertical Walls . The vertical 'stems of cantilever walls shall 
be designed as centilevers supported at the base. 

The vertical or face walls of counterforted and buttressed walls 
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I 
I shall be designed as fixed or continuous beams. The face walls 

I 
shall be securely anchored to the supporting counterforts or but­
tresses by means of adequate reinforcement. 

Counterforts and Buttresses. Counterforts shall be designed 

I as T-beams. Buttresses shall be designed as rectangular bearns. 
In connection with the main tension reinforcement of c~terforts 
there shall be a system of horizontal and vertical bars or stirnlps 

I 
to effectively anchor the face wall and base slab. The stirrups 
shall be anchored as near the outside faces of the face walls, and 
as near the bottom of the base slab, as practicable. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Reinforcement for Temperature. Except in gravity walls,not less 
than one-eighth (0.125) square inch of horizontal reinforcement per 
foot of height shall be provided near exposed surfaces not otherwise 
reinforce~, to resist the formation of temperature and shrinkage cracks. 

Expansion Joints. Expansion jOints shall be provided at in­
tervals not exceeding 30 feet for gravity walls and 50 feet for re­
inforcement walls. 

Drainage. The filling material behind all retaining walls 
shall be effectively drained by weep holes with French drains, 
placed at suitable intervals. In counterforted walls there shall 
be at least one drain for each pocket formed by the counterforts. 

56. PIERS. Piers shall be designed to withs tand the dead 
and live loads superimposed thereon, wind pressures acting on the 
pier and superstructure, the forces due to stream current, floating 
ice and drift. 

Where necessary, peirs shall be protected against abraSion by 
facing them with granite, vitrified brick, timber or other ,suitable 
material wi thin the limits of damage by floating ice or debris,. 

In streams carrying ice or drift, the pier nose shall be de_ 
signed as an ice breaker. When a steel angle or other metal nos­
ing is used it shall be effectively secured to the masonry by means 
of suitable anchor bolts having countersunk heads. 

Piers may be either mass or double shaft type and may be plain 
or reinforced. Dimensions of piers shall be proportioned by the 
forces to be resisted, but for double shaft types of piers, the di­
mensions of the shafts at the point midway between the base and the 
cap shall be ""not less than would be required by the specifications 
governing plain concrete columns, in the case of plain piers, and by 
the rules governing reinforced columns, in the Case of reinforced 
piers. The two shafts shall be reinforced by concrete webs not 
less than 15 inches thick where the total height of the web is less 
than 20 feet. Where the height is greater than this, the web shall 
be at least 18 inches thick. These webs shall in all cases extend 
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from abeve high water line to. the lew water line, and as much lewer 
as the Engineer deems advisable. 

Pivet piers fer swing spans m~ be either mass er cellular cen­
structien. The circumferential and cell walls ef cellular piers 
shall be net less than two. feet in thickness, and shall have deuble 
systems ef reinfercement censisting ef net less than 5/S-inch reund 
bars spaced net ever 15 inches center to. center herizentally and ver­
tically. The feeting shall cever the entire base ef the pier and 
be prepertiened to. distribute the lead ever the entire area. The 
tep shall be cevered with a cap. Suitable passages fer the equali­
zatien ef water pressure shall be previded threugh the cell walls 
and the eutside wall. 

CONCRETE DESIGN 

57. GENERAL ASSUMPTIONS. The design ef reinferced cencrete 
members 'cUlder these specificatiens shall be based en the fell ewing 
assumptiens: 

(a) Calculatiens are made with reference to. unit werking 
stresses and safe leads, as elsewhere specified herein, rather than 
,vith reference to. ultimate strength and ultimate leads. 

(b) A plane sectien befere bending remains plane after 
bending . 

(c) The medulus ef elasticity ef cencrete in cempressien 
is censtant within the limits ef werking stresses; the distributien 
ef cempressive stress in flexure is therefere rectilinear. 

(d) The value ef the medulus ef elasticity ef cencrete 
shall be assumed as ene-fifteenth (1/15) that ef steel in cemputa­
tio.ns ef strength, and shall be assumed as ene-eighth (l/S) that ef 
steel in computing the deflectien ef reinferced cencr·ete beams which 
are fre e to. meve lengitudinally at the supperts. 

(e) Cencrete shall be assumed as effering no. tensile re-
sistance. 

(f) The bend between cencrete and metal reinfercementis 
assumed to. remain unbreken threughout the range ef werking stresses . 
Under compressien the two. materials are therefere stressed in pre­
pertien to. their meduli ef elasticity. 

(g) Initial stress in the reinfercement due to. centrac­
tien er expansien o.f the cencrete is neglected, except in the design 
ef reinferced cencrete celumns. 

5S. EFFECTIVE SPAN LENGTHS . The effective span length ef 
freely supperted beams and slabs shall be the distance between cen­
ters o.f the suppo.rts, but shall net exceed the clear span plus the 
depth o.f beam er slab. The span length ef centinuous er restrained 
beams built menelithically with supperts shall be the clear distance 
between faces o.f supperts. Where brackets having a width net less 
than the width ef the beam, and making an angle ef 450. o.rmere with 
the axis o.f a restrained beam, are built menelithic with the beam and 
suppert. the span shall be measured frem the sectien where the com-
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bined depth of the beam and braclcet is at least one-half more than 
the depth of the beam. Maximum negative moments are to be consid­
ered as existing at the ends of the span, as above defined. No 
portion of a braclcet shall be considered as adding to the effective 
depth of the beam. 

59. MOMENTS IN BEAl.!S FREELY SUPPORTED. The following moments 
at critical sections of freely supported beams and slabs of equal 
spans carrying uniformly distributed loads shall apply:-

(a) Maximum Positive Moment for One Span 

M = W12 

8 

(b) Slabs and Beams Continuous for Two Spans Only. 
1. Positive Moment at Center 

M =~ 
10 

2. Maximum Negative Moment 

M = vn2 

8 

(c) Slabs and Beams Continuous for More than Two Spans 
1. Center of Interior Spans and Supports not Adja­

cent to End Spans 

M = W].2 
12 

2. Center and Interior Supports of End Spans 

M=~ 
10 

MOMENTS IN FIXED BEAMS 

(a) Supports of Intermediate Spans 

M = .Y02 
12 

(b) Center of Intermediate Spans 

M = V/12 
16 

60. MOMENTS IN FLOOR SLABS. Concrete floor slabs built con­
tinuously over supporting beams or joists shall be designed f or 80% 
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of the maximum live load bending moment of a simply supported slal> 
of the same span. 

61. EXPANSION JOINTS. Provision for end expansion shall be 
made in all concrete slal> or girder bridges having a clear span 
length in exces's of 40 feet. When multiple span construction is 
used, of spans 40 feet or less in length, expansion joints shall 
be provided at intervals of not more than 80 feet. When no expan­
sion joints are used, the superstructure being cast integrally with 
the abutments, the reinforcement in the slab or girders shall be 
increased to provide for the thermal forces induced by a temperature 
drop of 40 degrees Fahrenheit. 

In concrete floors on metal structures, expansion joints shall 
be provided at both fixed and expansion ends of the span. 

62. T-·BE.AMS . Effective Flange Width. In beams and slal> 
constructiol', effective and adequate bond and shear resistance shall 
be provided. a.t the junction of the beam and slal>. The slab may 
then be considered an integral part of the beam but its assumed ef­
fective width as a T~beam flange shall not exceed the following: 

(a) One"fourth of the span length of the beam 
(b) The distance center to center of beams 
(c) Six times the width of t he [,eam 
(d) Ei~~t times the least thickness of the slab 

plus the width of the gi,der stem 

T-beams with flange on one side only, the effective width of 
slal> shall be limited to 6 times the thickness of the slab. 

§hear. The flange of the slab shall not be considered as ef­
fective in computing the shear and diagonal tension resistance of 
T-beams. 

Isolated Beams. Isolated beams in which the T-forro is used 
only for the purpose of providing additional compression area, shall 
have a fl<ulge thickness of not less than one-half the width of the 
web, and a total flange width of not more than 4 times the web thick­
ness. 

Diaphr.8.-"lIls . . For T-beam spans over 40 feet in length diaphragms 
or spreader~ shall be placed between the beams at the middle or third 
points. 

63. g;[[NFORCEMENT. Spaci!)g. The clear distance between rein­
forcing bars preferably shall be not less than 3 'inches and in no case 
less than 2% inches and in slabs, not more than l~ times the thickness 
of the slab. 

The minimum covering, measured from the surface of the concrete 
to the face of any reinforcing bar, shall be not less than 2 inches 
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except in the slabs where the mlnlmum covering shall be 1 inch. In 
the footings of abutments and retaining walls and in piers the mini­
mum covering shall be 3 inches. In work exposed to the action of 
sea water the minimum covering shall be 4 inches except in precast 
concrete piles where a minimum of 3 inches may be used. 

Splicing. Tensile reinforcement shall not be splied at points 
of maximum stress. When reinforcement is spliced, the spliced bars 
shall lap sufficiently to develp the full strength in bond. 

Anchorage. Anchora.g;e of longitudinal reinforcement may be pro­
vided by extending the bars a sufficient distance beyond the theoret­
ical point of termination to develop their full strength in bond. 
Anchora.g;es may also be provided by bending the end of the bar through 
180 degrees to a diameter not less than 6 times the diameter of the 
bar, the total length of the hook being not less than 16 diameters of 
the bar. 

Reinforcement for negative moments shall be thoroughly anchored 
at or across the support, or shall extend into the span a sufficient 
distance to develop by bond the tensile stresses. 

Maxinrum Sizes. The maximum size of bar reinforcement shall be 
It inches square or equivalent, unless the particular conditions war­
rant the adoption of special reinforcement design. When structural 
shapes are used for reinforcement, no section having a surface area 
per foot of length of more than 150 square inches shall be used as a 
reinforCing member unless mechanical bond is provided by means of 
lugs, bars or other details which will effectively bond the member to 
the surrounding concrete mass. 

64. DESIGN OF WEB REINFORCEMENT. When the allowable unit shear­
ing stress for concrete is exceeded, web reinforcement shall be provided 
by one of the follOwing methods: 

(a) Longitudinal bars bent up in series or in a single plane. 
(b) Vertical stirrups. 
(c) Combination of bent-up bars and vertical stirrups. 

When any of the above methods of reinforcement are used, the 
concrete may be assumed to carry external vertical shear not to exceed 
40 pounds per square inch, the remainder of the shear being carried by 
the web reinforcement. 

The webs of T-beams shall be reinforced with vertical stirrups in 
all cases. 

Bent::u:p Bars. Bent..-up bars used as web reinforcement may be bent 
at any angle between 20 and 45 degrees with the longitudinal reinforce­
ment. The radius of bend shall not be less than 4 diameters of the 
bar. 
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The spacing of bent-up bars shall be measured perpendicular 
to their direction and in a plane parallel to the longitudinal 
axis of the beam. This spacing shall not exceed 3/4 of the ef­
fective depth of the beam. The first bar from the support shall 
cross the neutral axis of the beam at a distance from the face of 
the support measured along the axis of the beam, not gr eater than 
1/4 of the effective depth. 

Vertical Stirrups. The spacing of vertical stirrups shall 
not exceed 3/4 of the effective depth of the beam. The first 
stirrup shall be placed at a distance from the face of the sup­
port not greater than 1/4 of the effective depth of the beam . 
Stirrups shall surround three Sides of the tensile reinforcement . 

Anchorage. Web reinforcement shall be securely anchored in 
the compression portion of the beam, which may be considered as 
developing bond for a vertical distance e~ual to 4/10 the effec­
tive depth of the beam. Stirrups and bent-up bars shall be se­
curely anchored to the tensile reinforcement . 

65. COLilldNS. The ratio of the unsupported length of a 
column to its least diameter or dimension shall not exceed 4 for 
unreinforced and 15 ·for reinforced sections. The least diameter 
or dimension in no case shall be less than 15 inches. For r ein­
forced concrete viaduct construction or for "pedestal" or "buried" 
abutments. the least dimension shall be not l ess than 24 inches. 

The r einforcement of columns shall consist of at least 4 
longit~inal bars tied together with lateral ties or hoops enclos­
ing the longitudinal reinforcement . The longitudinal r einforce­
ment shall be of bars not less than 1 inch in diameter and shall 
have a total cross- sectional area of not less than 0.7% of t he 
total cross-sect i onal area of the column. Reinforcement in ex­
cess of 2.0% of the cross-sectional ar ea of the column shall not 
be considered in computing compressive stresses. The l at eral 
ties or hoops shall be not l ess than 1/4 inch in diameter and 
spaced not farther apart than 12 inches. 

Bending. When columns are subjected to bending stresses 
due to eccentric loads. monolithic construction or lateral forces, 
they shall be so proportioned that the combined direct and bending 
stresses shall not exceed the allowable unit compressive stresses 
herein specified. 

Columns placed in earth fills, as in the case of "pedestal" 
or "buried" abutments . sJiall be designed to withstand the earth 
pressure from the rear. ·disregarding the effect of the fill in 
front. 

Column Struts. Longitudinal or lateral struts used to brace 
columns shall be proportioned to support a uniform load e~ual to 
at least twice the dead load of the strut. 
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66. CONCRETE AIlCHES. Shape of Arch Ring. Arch rings shall 
be selected as to shape in such manner that the axis of the ring 
shall conform. as nearly as practicable. to the equilibri'um polygon 
for fu~l dead load or. if desired, to the equilibrium polygon for 
full dead plus one-half live load over the full span. 

Spandrel Walls. When the spandrel wall of filled spandrel 
arches exceed 5 feet in height above the intrados they shall be de­
signed as vertical slabs supported by transverse diaphragn walls or 
deep counterforts. Vertical cantilever walls over 5 feet in height, 
or counterforts having a back slope of less than 45 degrees with the 
vertical, shall not be used, on accolUlt of the excessive fmd inde­
terminate stresses set up in the arch ring by tor sion. 

Expansion Joints. Vertical e:;.:pansion j'oints shall be placed 
in the spandrel walls of arches to provide for movement due to tem­
perature change alld arch deflection. These joints shall be placed 
at the ends of spans and at intermediate points, generally not more 
than 50 feet apart. 

Reinforcement. Arch ribs in reinforced concrete construction 
shall be reinforced with a complete double line of longitudinal re­
inforcement conSisting of an intradosal system and an extradosal 
system connected by a series of stirrups or tie-rods. 

For barrel arches, a system of transverse reinforcement, thor­
o'ughly anchored to the longitudinal reinforcement, shall be used in 
both intrados a.~d extrados. The transverse reinforcement shall be 
prop'.)rtioned to resist the bending stresses due to allY overturning 
action of the spandrel Viall. 

For "ib arches, hoops or tie bars shall be used in connection 
.dth the longitudinal rib reinforcement, as in the case of reinfor­
ced concrete columns. 

Waterproofing. 
interior faces of the 
shall be waterproofed 
accordance with these 

Preferably, the top of the arch ring and the 
spalldrel walls of all filled spandrel arches 
with a membrane waterproofing constructed in 
specifications. 

Drainage of Spa.~drel Fill. The fills of filled spandrel 
arches shall be effectively drained by a system of tile drains of 
French drains laid along the intersections of the spandrel walls 
and arch ring and discharging throue;h suitable outlets in the piers 
and abutments. The location and details of the drainage outlets 
shall be such as to eliminate. as far as possible, the discolora­
tion by drainage water of the exposed masonry faces. 

67. VIADUCT BENTS MID TOWERS. When concret e columns are 
used in viaduct construction, bents and towers shall be effective­
ly braced by means of longitudinal and transverse struts. For 
heights bTeater than 40 feet, both longitudinal and trallsverse 
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cross or diagonal bracing preferably shall be used and the footings 
for the columns forming a single bent shall be thoroughly tied to­
gether. 

STRUCTURAL STEEL DESIGN 

68. §PACING OF TRUSSES AND GIRDERS. Main trusses and gird­
ers shall be spaced a sufficient distance apar~ center to center, 
to be secure against overturning by the assumed lateral and other 
forces. 

69. DI!.lENSIONS FOR STRESS CALCULATION. Effective Span. For 
the calculation of stresses, span lengths shall be assumed as follows: 

Beams and girders, distance between centers of bearings. 
Trusses , distance between centers of end pins or of bear­

ings. 
Floorbenms, distance between centers of trusses or girders. 
Stringers, distance between centers of floorbeams. 

Effective Depth. For the calculation of stresses, effec­
ti ve depths shall be assumed as folloVls: 

Riveted trusses, distance between centers of gravity of 
the chords. 

Pin-connected trusses, distunce between centers of chord 
pins. 

Plate girders, distance between centers of gravity of the 
flanges but not to exceed the distance back to back of 
flange"angles. 

70. REVERSA.I,._OF S'rRESS. Members subject to reversal of stress 
during the passage of live load shall be proportioned as follows: 
Det ermine the tensile and the compressive stresses and increase each 
by 50% of the smaller; then proportion the member so that it will be 
capable of resisting each increased stress. The connections shall be 
proporti oned for t he sum of the actual stresses. 

No pin-connected member shall be subjected to r eversal of 
stress. 

When the live load and dead load stresses are of opposite 
sign, only 70% of the dead load stress shall be considered as effec­
tive in counteracting the live load stress. 

71. COMBINED STRESSES. Axial and Bending. Members subject 
to both axial and bending stresses shall be proportioned so that the 
combined fiber stresses will not exceed the allowable axial stress. 
Members continuous over panel points shall be proportioned for the 
live and dead load bending moments computed f or a simple beam having 
a span equal to one panel length. 
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Stresses due to Lateral and Longitudinal Forces and Temperature. 
In proportioning the various parts of the structure, provision shall 
be made for the following stress combinations: 

Group A 

Group B 

Dead Load 
Live Load 
Impact 
Centrifugal Force 

Lateral Force 
Longitudinal Force 
Temperature 

Members subject to the stresses of Group A in combination with 
the stresses of Group B, either direct or flexural or both, shall be 
designated for any of the following combinations , at Unit Stresses 
25% greater than those specified, but the resulting sections shall 
be not less than would be required if the stresses of Group A were 
considered a lone. 

l. The combined stresses of Group B in combination with dead 
load only. 

2. The combined stresses of Group A in combination with 50% of 
the combined stresses of Group B. 

3 . The combined stresses of Group A in combination with tem-
perature only. 

72. SECONDARY STRESSES. Members and their details shall be 
proportioned to reduce secondary stresses to a minimum. In simple 
trusses without subdivided panels the secondary stresses due to de­
formation in,any member. whose width measured in the plane of flexure 
is less than one·"t enth of its length need not b e considered. When 
this ratio is exceeded, or where subdiVided panels are used, the 
secondary stresses shall be computed. 

In members designed for secondary stresses in combination with 
other stresses the specified allowable unit stresses may be increased 
30% but the sections shall be not less than required for primary 
stresses. 

73. ALLOWANCE FOR OVERLOAD . For the calculation of stress 
reversal or counter stresses, the specified live loads, either uni­
form or concentrated, shall be increased 100% and for this loading 
conditions the specific unit stresses shall be increased not more 
than 50%. The resulting sections shall be not less than would have 
been required had the allowance for overload not been considered. 

74. COMPRESSION FLANGES OF BEAMS AND GIRDERS. The gross area 
of the compression ,flanges of beems and plate girders shall be not 
less than the gross area of the tension flanges. 
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The laterally unsupported length of the compression flanges 
of beams and girders shall not exceed 40 times the flange width. 
When the unsupported length of flange exceeds 12 times the flange 
width, the compressive stress in pounds per square inch shall not 
exceed 

L 
19000 -250- (Maximum value, 16000 Ibs.) 

b 

where L = length, in inches, of unsupported flanges, between 
lateral connections or knee braces. 

b = flange width in inches 

75. PROPORTIONING ROLLED BEAMS. Rolled beams shall be pro­
portioned by the moments of inertia of their sections. Proper 
allowance shall be made for any reduction in strength due to rivet 
holes in the tension flange or for any reduction in allowable 
stress due to the length of unsupported compression flange. 

76. LIMITING LENGTHS OF MEMBERS. Compression Members. The 
ratio of unsupported length to the least radius of gyration shall 
not exceed 120 for main compression and stiffening members nor 140 
for laterals and sway bracing. In proportioning the top chords of 
low trusses the unsupported length shall be assumed as the length 
between the rigid verticals. 

Tension Members. For main riveted tension members the r at io 
of length of the horizontal projection of the unsupported l ength to 
least radius of gyra tion shall not exceed 200 . 

77. EFFECTIVE BEAnING AREA. The effective bearing area of a 
pin, bolt, or rivet shall be its nominal diameter multiplied by the 
thickness of the metal on which it bears. 

78. EFFECTIVE DI~JETER OF RIVETS. In proportioning rivets, 
the nominal diameter of the rivet shall be used. 

79. SIZE OF RIVETS. Rivets shall be of the size specified 
but generally shall be 3/4 inch or 7/8 inch in diameter. 5/8 inch 
rivets shall not be used in members carrying calculated stress ex­
cept in ~1 inch legs of angles and in flanges of 6 inch and 7 inch 
beams and channels. 

All rivets not countersunk or flattened to have button heads. 

The diameter of rivets in angles carrying calculated stress 
shall not exceed one-fourth of the width of the leg in which they 
are driven. In al'lgles whose size is not so determined 5/8 inch 
rivets may be used in 2 inch legs, 3/4 inch rivet s in ~} inch legs 
and 7/8 inch rivets in 3 inch legs. 
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In no cD.se, exce-nt in handrails, shall structural s112:,oes be 
used which do nat admit the use of 5/8 inch di3llleter rivets. 

80. PITCH OF RIVETS. The minimum a llowable distance bet-
Vleen centers of rivets shall be three times the diaJ!leter of the 
rivet but preferably shall be not less than the following: 

For 7/8 inch di3llleter rivets 
For 3/4 inch diameter rivets 
For 5/8 inch diameter rivets ..... 

3 inches 
<i' inches 
2i; inches 

The maximum allowable pitch in the line of stress shall not 
exceed 6 inches of 16 times the thickness of the thinnest outside 
plate or angle connected, except in angles having two gage lines 
with rivets staggered where the pitch in each line may be trlice 
the above Ynth a maximum of 10 inches. 

In \!cbs of members composed of two or mor'e pla.tes in contact, 
the rivets sh",ll be spaced not more than ten inches between cen­
ters in. gage 4-d pi ';ch, provided such rivets serve no other ptU'pCS0 
than to hold the p:;'.!tes in close contact. Tension member s com-
loosed of tvlO angles in contact shall be stitch riveted using 
a pitch not &Teater than 12 inche s. 

81. PITCH IN ENDS OF COMPRESSION MEMBERS . In the ends of 
built compl'ession members the pitch of rivets connecting the com­
ponent parts of the member shall not exceed four times the diame­
ter of the rivet for a length equal to I } times the maximum width 
of member. Beyond this point the rivet p itch sP~ll be gradually 
increased for a length equal to l~' times the maximum width of the 
member until the maximum spacing is reached. In angles having 
t\70 lines of staggered rivets in one l eg , the pitch on each line 
may be twice that specifi ed above but not greater tha..'l that allOYI­
ed for the body of the member. 

82. EDGE DIST.~CE OF RIVETS . The minimum distance from the 
cent er of any rivet to a shear ed edge shall be: 

For 7/8 inch diameter rivets ..... 101- inches 

For 3/4 inch diameter rivets 11 inches 
For 5/8 inch diameter rivets l-l/S inches 

The m~n1lllum distance from rolled or planed edges, except 

fla'lges of beams and ChaIl..l1.el s , shall be: 

For 7/8 inch diamet er rivets It inches 
For 3/4 inch diGllleter rivets 1- 1/8 inches 
For 5/8 inch diameter rivets ..... 1 inch 

The maxi::,um distance from any edge shall be eight times the 
thickness of the thinnest outside plate, but shall not exceed 5 
inches. 

10- 35-1311 
Sheet 34 



83. LONG RIVETS. Long rivets subjected to calculated stress 
and having a grip in excess of ~ diameters shall be increased in 
number at least one peT cent for each additional 1/16 inch of grip. 
If the grip exceeds 6 times the diameter of the rivet, specially de­
signed rivets shall be used. 

84. RIVETS IN TENSION. Rivets in direct tension shall, in 
general, not be used. Ho\vever, where so used their value shall be 
one- half that permitted for rivets in shear. Countersunk rivets 
shall not be used in tension . 

85. DEPTHS RATIOS. Trusses preferably shall have a depth not 
l e ss than 1/10 the span , the plate girders a depth not less than 
1/12 the span, and rolled beams a depth of not less than 1/20 the 
span. If lesser depths than these are used, the sections shall be 
increased so that the maJdmum deflection will not be greater than if 
these limiting ratios had not been exceeded. 

86. PARTS ACCESSIBLE. The accessibility of all parts of a 
structure for inspection, cleaning and painting shall be insured by 
the proper proportioning of members a.~d the design of their details. 

87. OPEN SECTIONS AND POCKETS. 
eral be aVOided. 

Closed sections shall in gen-

Pockets or depressions which will retain water shall be avoided 
as far as possible and those \vhich are unavoidable shall be provided 
rrith effective drain holes or shall be effectively filled with water­
proof material. 

Details shall be arranged so that the retention of dirt, leaves 
or other foreign matter vnll be reduced to a minimum. Wherever 
angles are used, either singly or in pairs, they preferably shall be 
placed with the vertical legs extending downward. 

88. SYMMETRICAL SECTIONS. 
so that their neutral axes shall 
center of the section. 

Main members shall be proportioned 
be as nearly as practicable in the 

In general, the gravity axes of main truss and other important 
oembers, neeting to form a joint. shall intersect in a common point 
so as to avoid eccentricity of stress. In cases of unaVOidable 
eccentricity the members affected thereby shall be proportioned and 
the connection details designed to r esist the stresses produced. 

89. EFFECTIVE AREA .OF ANGLES IN ~ENSION. The effective area 
of single angles in tension shall be aSSULled as the net area of the 
connected leg plus 5~; of the area of the unconnected leg. 

The effective area of a double angle tension member shall be 
assumed as 80% of the net area of the member unless the end details 
and connections are such that the individual angles are held against 
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bending in both directions, in which case the full net area may be 
used. When the angles connect to separate gusset plates, as in 
the case of a double-webbed truss, the gusset plates shall be stif­
fened by diaphragms in the line of the connected angles or by tie 
plates extending to the ends of the angles if they are to be con­
sidered as offering such r es i stance to bending that the full net 
area can be used. When the angles are connected back to back on 
opposite sides of a single gusset plate the support may be assumed 
to be sufficient to allow the use of the full net section. 

Lug angles shall not be considered as effective in transmit­
ting stress. 

90. STRENGTH OF CONNECTIONS. Unless otherwise provided and 
where practicable all connections shall be proportioned to develop 
not less than the full strength of the members connected. 

No connectio.n, except for lacing bars and handrails, shall 
contain less than three rivets . 

91. SPLICES. Continuous compression members in riveted 
structures, such as chords and trestle posts, shall have milled 
ends and full contact bearing at the splices. 

All splices, whether in tension or compression, shall be pro­
portioned to develop the full strength of the members spliced and no 
allowance shall be made for milled ends of compression members. 

Splices shall be located as close to panel points as possible 
and, in general, shall be on that side of the panel point which is 
subjected to the smaller stress. 

The arrangement of the plates, angles or other splice elements 
shall be such as to make proper provision for the stresses in the 
component parts of the members spliced. 

Where the splice material for tension members consist of plates 
they shall be nU;'iversal Milled" or sheared 1/4 inch large and ground 
to re~uired width. 

92. IIIDIRECT SPLICES. In all splice plates not in direct con­
tact with the parts they connect, the number of rivets on each side 
of the point shall be in excess of the number which would otherwise 
be re~uired for a contact splice to the extent of two extra trans­
verse lines for each intervening plate. 

93. FILLERS. Where indirect splices involve rivets carrying 
stress and passing through fillers, the fillers shall be extended 
beyond the splicing material and the extension secured by additional 
rivets suffiCient in number to develop the section of the filler. 

rolen the filler is less than 1/4 inch thick the splicing mate-
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rial shall also be extended. 

94. GUSSET PLATES. Gusset or connecting plates shall be used 
for connecting all main members, except in pin~conllected structures. 
In proportioning and detailing these plates the rivets connecting 
each member shall be located, as near ly as practicable, symmetrical­
ly with the axis of the member. However, the full development of 
the elements of the member shall be given due consideration. The 
gusset plates shall be of ample thickness to resis t shear, direct 
stress and flexur e acting on the weakest or critical section of max­
imum stress. 

Re-entrant cuts shall be avoided as far as possib l e . 

95. ,MINIMUM THICKNESS. The minimum thiclmess of structural 
steel shall be 5/16 inch exce9t for fillers and railings. However, 
gusset plates shall not be l ess than 3/8 inch in thickness. 

Metal subjected to marked corrosive influence shall be increas­
ed in thickness. 

Cast steel shall not be less than one inch and cast iron not 
less than It inch thick, except for filler blocks. 

96. COMPRESSION MEMBERS. In built compression members the 
metal shall be concentrated as much as possible in the webs and 
flanges, so that the center of gravity of the section may be as near 
the center line of the member as practicable. 

97. PLATES IN COMPRESSION. Cover plates of built compression 
members and cover plates on the compression flanges of plate girder s 
shall have a minimum thickness of 1/40 , and the web plates of com­
pression members a minimum thickness of 1/30, of the transverse dis­
tance between the lines of rivets connecting them to the flanges. 
However, failing to meet this reqUirement, the width of plate bet­
ween the connecting lines of rivet s in excess of 40 times the thick­
ness for cover plates and 30 times the thickness for web p l ates , 
shall not be considered as effect ive in resisting stress. 

98. 01.J'TSTANDING FLANGES. Outstanding compression flanges of 
girders and main compression manbers shall have a minimum thickness 
of 1/12 of the widt:1 of outstanding flange. For lateral bracing 
and other secondary members this minimum thickness may be 1/14 of 
the width of the outstanding flange. 

99. TIE PLA~~S. The open sides of compression memb ers shall 
be provided with lacing bars and shall have tie plates as near each 
end ' as practicable and at intermediate points where the l acing is 
interrupted. Compression members composed of two angles and a 
cover plate shall have, on their open side, ties composed of short 
lerigths of channel section with the flanges riveted to the vertical 
legs of the angles . 
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Tension members composed of shapes shall have their separate 
segments connected by tie plates or by tie plates and lacing bars. 

The thickness of t11e tie plates sha.ll be not less than l/ffJ 
of the distance between the connecting lines of rivets. Tie 
plates shall be connected by not less than 3 rivets on each side, 
and in members having lacing bars the last rivet in the tie plate 
shall preferably also pass through the end of the adjacent bar. 

For main compression members, the end of tie plates shall 
have a length not less than l~ times the perpendicular distance 
between the lines of rivets connecting them to the member, and 
the intermediate tie plates a length not less than that distance. 
For main tension members the end tie plates shall have the length 
above specified for end tie plates on main compression members 
and the length of the intermediate tie plates shall be not less 
than 3/4 the length specified for intermediate tie plates on com­
pression members. In tension members Vlhose elements are connec­
ted by tie plates only, the distance center to center of plates 
shall not exceed 3 feet. 

For lateral struts and other secondary members, the length 
of end and intermediate tie plates shall be not less than 3/4 
the perpendicular distance bet\Veen the lines of rivets connecting 
them to the member. 

100. LACING BARS. The lacing of compression members shall 
be proportioned to resist a transverse shear not less than that 
calculated by the formula: 

S = 300 A 

Where S = Transverse shear in pounds 
and A :: Gross area of member in s(].uare inches. 

This shear shall be considered as divided equally among all 
stiffening parts in parallel planes, whether made up of continuous 
plates or of lattice. The stress in the individual lacing bar 
shall be taken as the component of the shear, in the direction of 
the bar, in case single lacing is used and half that amount if 
double lacing is used. The size of the bar shall be determined 
by the column formula in which ilL" shall be taken as the distance 
between the connections to the main sections. 

The minimum width of lacing bars shall be: 

For 7/8 inch diameter rivets z} inches 
For 3/4 inch diruneter rivets ..... ~ inches 
For 5/8 inch diameter rivets ..... 2 inches 

Lacing bars having two rivets in each end shall be used for 
flanges 5 inches or more in width. 

10-35-1311 
Sheet 38 



The oinioum thic~ess of bars s!k~ll be 1/40 of the distance 
between end rivets in the case of sir>.gle Incing and 1/60 of this 
distance for double lacing, 

Double l acing, riveted at the intersections, shall be used 
when the perpendicular distance ·cetween rivet lines exceeds 15 
inches. 

The inclination of single lacing shall generally be about 
sixty de{oTees alld for double lacing it shall be about forty-five 
dee;rees to the axis of the I:lelaber. Furtllemore , the oaxioum 
spacing of lacing bars shall be such that the ratio of length to 
r adius of gyration (L/r) for the portion of single flange between 
consecutive connections will be soaller than this ratio for the 
oenber as a whole. 

Shapes of equivalent strength oay be used instead of flats. 
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1 01. _ NEr SECTIOi~ AT PINS. Pin-connected riveted tens i on members 
shall have a net section, both thr ough tho pin hole and back of the 
p in ho l e, at l east 25% in e"ces s of the net section of the body of the 
member . 

102. NN.: SECrr'IOl": O:? nIVE~ED 'rENSION MThQR.~ . In calculating the 
required a r ea of riveted tension members, net sections shall be used 
in a l l cases and, in decl.ucting r ivet ho l es, they shall be te-.ken as 
1/8 inch l a r ger than the nominal diameter of the rivet . 

Tho net section shall be the least area which can be obtained 
by deducting from the gross sectional area, the area of holes cut by 
any strai ght or zigza.g section across the member, cOUllt ing the full 
area of the first hole o.nd a fra ctional part of each succeeding hole, 
the f r actional part being determined by the formula: 

x = 1 - S2 
4gh 

TIhere X = fraction of rivet hol e to be deducted 
S = stagger or longitudinal spacing of rivet with 

respect to rivet on l ast gage line 
g = distance between gage lines, or t ransver se spacing 
h - diamet er of rivet holes, or nominal diameter of rivet 

plus 1/8 inch . 

1 03 . LOCATION OF PINS. Pins shall be loca ted, with respect to the 
neutral axis of the members, s o as to r educe t o a minimum secondary 
stresses due to bendi ng . 

1 04. PIN PLATES . Pin plat es s hall be of a sufficient thickness to 
provide the required. bearing area u pon the :9in; they shall b e as wide 
as the dimensions of the memb e r will all ow; ani!. their length, measured 
from pi n center to end, s b.nll be a t l eant c~1l2,1 to t.!1.eir uidth . Pin 
p l ates shall contain suffici ent r ivets to d. i stribute their due propor­
tion of the pin pressur e to the full cross section of the members ; only 
the r ivets l ocatee. within tylO lines dra,m from the pin cent er towar d the 
body of the memoe:c a:.lld i nclined at 45 d.eg: .... ccs to the axis or the memb er. 
shall be considercc. effective for this pur pose. In the case of members . 
composed of ,"cb l)latos and flanGo angles (nith or \'!ithout a cover plate) 
there shall be at least one out s ide pin plate covering the vertical logs 
of the flange a.'lgl es . 

At th~ ends of comprecsion membe:Lc at leas';:; one pair of pin 
p l ates shall extenQ not l os s titan 6 inches beyond the near edge of the 
tie p l ate. 

All pin-connected comp""ession members shall b e prOVided with 
hinge p l ates having a mini mum thickness of 3/8 inch. 

1 05. FOP.KED ENDS . Forked ene.s on compression members Hill be permi tted 
only wh en unavoidable. When used, a sufficient number of pin pl ates shall 
b e provided to give each ja,7 the ful l strength of the compression member. 
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At l east ono pair of these pl ates shal l extend to the far edge of the 
tie plates, and the others no t l ess t han 6 inches beyond the near edge 
of the tic plates. 

1 06 . PINS AND PIN NUTS. Pins shall be proportioneo. for the ma:,imum 
shears =d ben~_ing moments pr00.uced by the stresser, in the members 
connected . If there are eye- bai"S anong the parts connected , the diameter 
o f the p in shall be not less than 2/3 of the Hidth of the nidest bar 
attached. 

Pi ne shall be of sufficient length to secure a full bearing of 
all parts connected upon t"e turned body of the pL'l. They shall be 
secured in pos ition by h exagonal ch.:lmfered recessed nuts . 

107. BOLTS. Unl ess specific~.lly authorized , bolted connections nill 
not be pernitted. Bolts "then useet, shall be unfinished or turned as 
specified. 

Bolts i n tension shall have double nuts . 

1 08 . UPSET ENDS.. &'"S artd ro,"s nith scren ends shall upset to pr ovide 
a Ci"OSS sectional area at the root of the thread which shall exceed the 
net sect ion of the bod,,' of the ",emb er by at least 1 5 per cent . 

1 09 . SLEEVE NUTS. Sleeve nuts shall not be u sed. 

110, EXPAl~SION. Provision fo r eA~sion and contract ion, to the extent 
of 1/8 inch f or each 10 feet of span, shal l be "",de fo r all bridges. 
Expans i on ends shall be firmly secur ed against lifting or lateral 
",overlent. 

111. EXP.A}ISION BEARI NGS , Snans of l ess than 70 feet may be arranged to 
slide upon metal plates with smooth surfaces . Spans of 70 feet and over 
shall be provided with rollers or r ocker s, or wi th the speci a l sliding 
b earings described below. Neither r ollers nor r ockers shall be used for 
e'cpansion bearings at the top of trestl e posts . 

112. FIXED BEARINGS, Fixed bearings shall be firmly anchored. 

113 , HINGED OR PIN BEL~INGS, Spans of 70 fee t and over shall have 
hinged p in bearings at both e!lds. The pedes tals or shoes shall be so 
desigrrecl that all loads will act through the end pins which will be 
l ocated cJ.irectly over the geometrical center of the bearing. 

11 4 . ROLLERS, E>cpansion r oll ers shall be not l ess tha!l 4 inches in 
dia",e t er for span l engths of 100 f eet or l ess and this minimum shall be 
i ncreased not l ess than 1 inch for each additional 1 00 feet of span, and 
pr oportionally for interl!lecci ate l engths. They shal l be connected together 
by substantial s ide bai'S anel shall be effectually !,:,.,ided so as to prevent 
lateral mov el!len t. skewing or creeping . The rollers and bearing plates 
shal l be protected from d irt a'lo. water as far as possible anC'. the construo­
ti on shall be such that water vtill not b e retained and that the roller 
nest s may b e inspected and cl eaned with the mininrum diffi culty. 
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115. R0 9KER§..!. Pin b8:1..·inr; e,cpnnr. i on rocv:cr n shal l be o f cast steel 
or cast iron. 

115. SPECIAL SLIDIHG BXPANSION BEARINGS. Sliding plates for the 
expansion bearings of npans of 70 feet and over shall be of br onze. 

These pl a tes spnll be chamfered at the ends and shnll be hel d 
secur ely in pOSit i on, usually be ing ins et into the metal of the p edestal s 
and. so l e plates . Provision shall be mac.e against 3011;' accumul ation of 
cUrt which r:ill obstruct thoir fr ee movement . 

117 . PEDESTALS ANTI SHOES. Pedestals a n (1- shoes shall be designed to 
secure rig i dity a.'1C'. stability and to dist ribute the reaction uniforml y 
over the ent ir e b earing a r ea. Prefer ably, they shall b e made of cast 
"·'eel or structura l st eel. The bottom bea:dng widths shal l not exceed 
the top bearing wi<iths by morc than t\"')'ice the depth of' ped.estal and, 
",hon inv olvi n.1: p in b em" in!,s , this depth shal l b e measured from t he center 
0::' pin . 

an,~;l es 

thick. 

TIhere built pcdestaln and shoes are used, the I1cb- pl ates and the 
connecting them to the base plates shall be not less tha.'1 1/2 in. 

I f the size of the pedestal permits , th8 nebs shall be ri,;iC'~y 
connect ed. transvel"s ely. 

ua. INCLINED B~nj(',Sc For spans on an inclined grade '.-rithout p i n or 
hinged bear ings, ',he solo plates shall be bevoled so that the sub­
structure bridt;c seats ':.rill bo level. 

119. ANCHOR BOLTS. T:ru.nses , gir der s a n(1. I-beam spe.ns shall be securely 
anchored to their substr ucture . Anchor bolts shall be roughened by being 
scre\1f- t ~~,·:eaded or sneeJ.ged.. to secure a satisfacto:l.'Y grip u:pon the material 
used to emb ed them in the hol es . 

The following ar e the minirnu.'J requirements for each beari!1g: 

For I-beem npc,\rtz the outer b e::tills sl1:'lll be anchor ed at each encl 
rii th t"o bolts 1 i nch in o.iameter , set 10 inches in the masonry . 

For g irder a..7J.d tru.ss spans 

50 feet in length or l ess, 2 Dolts, 1 inch diameter , 
set J.O inches in masonry. 

51 t o 100 feet in l ength, 2 bolts, Ii inch diameter, 
set 1'- 0" in masonry. 

1 01 to 1 50 feet in l ength , 2 bolts, l~ i;1ch o.iameter, 
s et J. ' - 3" i n masonry. 

1 51 feet &'1(, over, 4 bolts, l~· inch rlia!leter, set 1'-6" 
in rao.som'y . 

Anchor bolts subj ect to tension , an in the colurrm. bases of trent;'d 
bents and tower s , shall be dc"igned to engage a mass of masonry which 
'.-,ill secure a r esistance eo.=l to lfo times the calcuJ.ated uplift. 

nOOR SYSTEM 

12.0 . FLOORBEAMS. Flo orbee.,cs preferably shall be at right angles to the 
trusses or main g irder s &'1d. shall be riGidly cnnnected ther e to. In 
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general, floorbeam connections shall be located above the bottom chord 
and, in riveted nork, the bottom. chord. lateral syst em shall. engage both 
the bottom chord and. the floo r beam.. ]'loorbeam connect i ons to pin­
c.onnect ed trusses preferably shall be above the bottom chord pins but , 
i.f locat ed belo\7, the v cr ticul posts shall be extended below the pins 
to secur e rigid connections to the f lo or beams. 

121. Elm FLOOREFAMS. E.'wept in skew bridges end floorbeamn shall be 
pr ovic.ee. in all truss n.no. girder spans. End flo Oi'O earlS pr eferably shall 
bo des i ~-;:'led to p(n.~mi t the us e of jacks for the fu·~ ·: .... rc lifting of the 
super structure , under "hich condition the specifieC', unit stresses shall 
not be exceeded by more than 50 per c ent. 

End floorbcams shall be a rrnnged to per mit futur e painting of the 
siG.c s of the bea!!ls ad.jn.ccnt to the abutment backwalls. 

1 22. STRINGERS . Steel stringer s preferabl y shall be riveted between the 
fl oor b eams , with end connections to the floor beam webs. Stringers shall 
extonc', 1/2 i nch into concrete floors. 

123. Elm STRUTS. Tfi1en end floorbeams are not used. the end panel 
s tringers shall b e securea. in correct l ocations by end struts securely 
connected. to the st r ingers o.ne'. to the main truss es or girders . The end 
panel l ater al bracing shall 'De rigidly attached to the ma.in trusses or 
girders anc.. shall also be attached to the end. strut s. Adequate provision 
shall be made for t he ex!,ansion movement of st r i ngers . 

1 24. E}!D CONNEmIONS lOR FLOOREEAMS AND STRINGERS. The end connection 
angles of floorbeams a.nd. stri nger s shall be not les s than 3/8 inch in 
thickness. When milled. ends are required, the thickness of connect ion 
angles shall b e 1 / 16 inch greater than for connection angles not require( 
to be milled. Excep t in caSes of specia l end floorbeam details, end 
connections f or Doorbeams and stringers shall be made with two angles at 
each end. Bracket or shelf angl es which may be use~, to furnish support 
dur ing erection shall not be considered in determining the number of 
rivets required t o transmit end shears. 

End connection a ngles shall develop the full depth of the webs 
by havL'"'s D. length ~s gl"'.Jc.t t'.s the fla!l£c:J wi l l ]?Qrni t. 

In t he preparation of end connection deta ils, special care shall 
'!Je exercised to provicl.e ample cleara.nce for the driving of field con­
nect i on rivets. 

Tho us e of any ty·pe of floorbeam hanger r:hich (I.oes not pr event 
all rotation or l ongitudinal mot i on of the floorbeam, will not be per­
mitted. 

Expansion Joints. To pr ovide for eA1X~sion and contraction mov~ 
ment, suitable floor e:(pansion j oints shall he provid ed at the expansion. 
ends of all spans anc. at other po int s whel' e they may be required. 

Apron plates , when us ed , shall b e designee .. to properl y bridge 
the joint and to prevent, as far as possible , the d epos it of roae.way 
debris upon the bridge seats . 
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BFACING. 

125. DESIGN OF ]PACING. Lateral, longitudinal and transverse bracing 
shall be composed of angles or other shapes offering resistance to 
deformation when subjected to compressive stress, and. shall have 
riveted connections. 

In general, bracing shall consist of a double system of diagonal 
tension members with transverse compression members. The diagonals in 
each system shall be proportioned to carry the total lateral stress in 
tension, the transverse stru.ts (or floorbeams) acting as compression 
members for both systems. 

All intersections of lateral and sway bracing shall be riveted 
to add rigidity and prevent deformations. 

126. LATERAL BRACING. Bottom lateral bracing shall be provided in all 
bridges except I-beam spans, from which it may be omitted. Bottom 
laterals preferably shall be supported by rigid hangers at the inter­
sections. 

Top lateral bracing shall be provided in deck spans and in through 
spans having sufficient hee.c.room. 

Lateral bracing for compression chords shall preferably consist 
of either two or four angle latticed sections; and so designed as to 
effectively eneage both flanges of the chords. 

Lateral bracing shall have concentric connections, chords at end 
joints, and. preferably throughout. The connections between the lateral 
bracing and the chords shall be designed to avoid, as far as pOSSible, 
any bending stress in the truss members. 

127. PORTAL AND S?AY BRACING. Through truss spans shall have portal 
bracing, preferably of the two plane or box type, rigidly connected to 
the end post and top chord flanges, and constructed as deep as the mini­
mum clearance will allow. IThen a single plane portal is used it prefer­
ably shall be located in the central transverse plane of the end posts 
with diaframs between the webs of the posts to provide for a proper 
distribution of the portal stresses. The portal bracing shall be designed 
to take the full end reaction of the top chord lateral system and the end 
posts shall be designed to transfer this reaction to the truss bearings. 

Deck truss spans shall have adequate sway bracing at the ends and 
at all intermediate panel points. This bracing shall occupy the full 
depth of the trusses below the floor system. The bracing shall be pro­
portioned to transfer the end reaction of the top lateral system to the 
substructure. 

Through truss spans shall have sway bracing at each intermediate 
panel point if the height of the trusses is such as to permit a depth 
of 5 feet or more for the bracing. When the height of the trusses will 
not permit of such depth the top lateral struts shall be provided with 
knee braces. Top lateral struts shall be at least ~s deep as the top 
chord • . Sway bracing shall be of ample strength to transfer one-half of 
the wind presure to the leeward truss. 
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128. C}:'~ 3S }'RA1;E3 . Deck plate gir der spans shall -De provided with 
cross frames at each end proportioned to res'is t all later al forces, 
ant' shall have intermediate cross frames at intervals not ex.ceeding 
15 feet . These frame s shall be connected to the outstanding legs of 
the stiffener angl es and to the girder flanges. 

129. LO'! TRUSS SPANS. The vertical truss member n and the floorbeam 
connections of l ow truss spans shall b" proportioned to resist a lateral 
fOl'ce , applied at the top chorn panel po ints of the truss, determined by 
the following equation: 

R = 1 50 (AtP) 
wher e R,,,,lateral force in pounds 

A'I> area of cross section of chor t1. in squar e inches 
P:: panel leng th in fee t 

Thi s rigidity may be s ecured i n part by ext ending one or both 
of the floorbeam connection angles upward along the inside of the post. 
Outrigger brackets attached to 'the vertical posts on the outside of 
the trusses shall no t be used. 

130. THROUGH GIRDER SPANS. Through plate girder spans shall be 
st iffened agains t lateral defor mations by means of gusset plates, or 
knee braces with solid webs, attached to the stiffener angles and 
floo rbeams. If the unsupported length of the inclined edge of the 
gusset plate exceeds 60 t imes its thicYJless, the gusset plate shall 
have stiffener angl es riv eted along its edge. 

These braces generally shal l extend to the clearance line and 
preferably shall b e spac ee'. not farther apart than 15 f eet. 

PLATE GIRDERS. 

131. PROPORTIONING. Pl ate girders shall be pr o:>,ortioned. either by 
assuming the flanges to be concentrated a t their centers of gravity or 
by the moment of inertia of the net section. In the fo rmer cnse 1/8 
of the gJ.·c,s s area of the l7eb i s availabl e as net flange area but the 
effective depth shall not be assumed to be greater than the distance 
back to back of flange angles. For girder s having unusual cross section 
the moment of iner tia method shall b e used. 

132. FLAliGE SECTIONS . The gross section of the compress ion flange shall 
not be l ess than the gross sect i on of the tension flange. The compressio: 
flange pr eferably shall be stayed against lateral defl ect ion at intervals 
not exceed_ing 12 times its \'ridth. 

The flange =gles shal l form an large a portion of the gross area 
of the flange as pract icable. 

When flange plates are used, at l east one plate on ' the top flange 
shall extend the fQll length of the girder. Any additional flange plates 
shall be of such length as to allow t wo rows of rivets to be plac ed at 
each end of the plate beyond i ts theoretical end, and ther e shall be a 
sufficient number of rivets at the encis of each plate to develop its 
full stress value befo r e the theoretical end of the next outside plate 
is reached. 
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Flange cover plates shall be equal in thickness, or shall diminish 
in thickness from the flange~~gles outward. No plate shall have a 
thickness greater than that of the flange angles. 

133. WEB PLltTES. Ueb plates shall be proportioned for both the vertical 
and horizontal shearing stresses. Splices in 11eb plates shall be avoided 
as far as possible, but, when used, they shall be designed to develop the 
full value of the web plate for both bending and shearing stresses. 

134. FLANGE RIV]}?S. The number of rivets connecting the flange angles 
to the web plates shall be sufficient to develop the increment of flange 
stress transmitted to the fl~~ge angles combined with any load that is 
applied directly to the flange. For electric railways, one wheel load, 
when applied directly to the flange, shall be assumed to be distributed 
uniformly over a length of 3 feet. 

135. FLANGE SPLICES. Splices in flange members shall not be used 
except by special permission of the Engineer. T~o members shall not be 
spliced at the same cross section and., if practicable, splices shall be 
located at points where there is an excess of section. The net section 
of the splice shall exceed by 10 per cent the net section of the member 
spliced. Flange angle splices shall consist of two angles, one on each 
side. Splice angles shall be fitted to secure Cl.OS0 contact with the 
material. spliced. 

136. WEB SPLICES. 
on eaeh side. The 
shear and moment. 
side of the joint. 

Neb plates shall be synunetrically spliced by plates 
splice shall be equal in strength to the we,b in both 
There shall be at least two rous of rivets on each 

137. END STIFFENERS. Plate girders shall have stiffener angles over 
end bearings, the outstanding legs of which shall be as wide as the 
I~ange angles will allow and shall fit tightly against them. These end 
stiffeners shall be proportioned for bearing on the outstanding legs of 
the flange angles, no allowance being made for the legs fitted to the 
fillets of the flange angles. End stiffeners shall be arranged to 
transmit the total end reaction and to distribute it over the bearings. 
They shall not be crimped and the connection to the web shall contain a 
sufficient number of rivets to transmit the entire reaction. 

138. INTERMEDIATE STIFFENERS. Intermecliate stiffener angles shall be 
riveted in pairs to the web of the girrier. The outstanding leg of each 
angle shall have a width of not more than 16 times its thickness and 
not less than 2 inches plus 1/30 of the depth of the girder. 

Intermediate stiffcnern nhall be npaced at intervals not excecdin~ 
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(a) 6 feot 
(b) The depth of the web 
(c) The distance given by the formula 

d = .L (12000 - S) 
40 

I7here d:= distance between rivet lines of stiffoners, in 
inches 

t := thickness of \7eb, in inches 
s = l7eb shear, in pounds per square inch, at the 

point considered. 



i7hen the de:pth of the web between the f1~nge angle~ or side 
.~)lD:tes i s lass tb.a:'l 60 times ':.he 'r18b thicknesH 1 in ter!!1cdiate stiffeners 
;J~Jr bE) ami t ted . 

Interme('ciate stiffer,8r angl es shall b e placed at points of 
concentr ated. 10acUng ana, shall be dusisned to trammit the reactions 
to the girder web . Such stiffeners shall not be crimped. 

Other int ermediate stiffeners may be cri:;lpec .• 

139 . ENDS OF' THROUt}i{ GIR.,;)ERS , The u:oper corners of through plate 
girders, where e~:poced . shall be neatly rounded to n, rz.dius consistent 
\7i th the size of th", flanGe 8.!lgles and the vertical height of the 
Girder above the rO;'l.cl\,ID.Y. TIle fi rst flange plate 01' <L plate of the 
same width will be bent al'ounG. the curve and continued to the bottom 
of the g irder. In a bridge cons isting of two or more spans only the 
corners on the extr eme en(~.i; need be rounded, 1L'1lcss tho s})Clns have 
girder s ~.· aj: yi:{' .. g j:lOights, \-:hich case the higllel~ t; i:::' c:.o:cs shall have their 
top flanges n eatly curved down at the ends to meet the to:p corners of 
the girder~'l in the L1.c1.jace:'1t spans . 

" 40 . END BEA::U;,7GS . R'ld bearingp, of girders on masonry shall be raised 
abov e the bridge s'oat 'b~' metal pedestalG or plates a height of at least 
2 inches. 

141. SOLE AN:) !,\ASOH?Y PLATES , Sole a ne!. masonr"' plates s hall each be 
not less than ~/4 inch thick, 

142. CAMBER . In geme)'aJ. . car.lber will not be 
exce-ot for Imlg 3IX-'l.YlS or special conditions. 
s1..1.ffic ient in amount to IT:Get the requirements 

TRUSSES 

r equired in plate girders 
ITncn useo,. it sh~ll be 
of the E.~gineer. 

l~,~) . i.!Alil FEA.'i:U3.ES , Preferellce will be given to tnlsses with singl e 
intersecting Yleb members or other forms of trus ses postiesn ing the l east 
anb i iSuity in computed st.i~cnses and the gr eatest elements of serviceabili ty 
Actjustabl e P.lerlbers i'''' any Ik1.rt of the structure preferably shall be avoid­
ed. Uembers sl:all be s;y:m:netr ical about the central planes of t rl:sses and 
all parts s:lall De so designed that they can be inG :?ected , cleaned and 
pai nted . 

Throue;h rhoted and pin- connected spa..'1s will generally have in­
clined. end posts . LO~7 t rU:1S spans shall be of the riveted type . In 
10\'1 truss spa.'l~. laterally u..Y1suppcrted h i p joints or "flying hips " shall 
be avoided. 

144. TO? CHORDS ANI! Elm POSTS, Top chords and end :90sts of low and 
through truss sr...ans shu}'1 be made usually of two 5 ide s egments with one 
cover plate anr~ '7ith tie plates and lacing on the o:pen side . In chor ds 
of light section , tie :91ates a..T1d lacing may bo USGcl in place of a cover 
plate . 

'rop chord.s of deck trusses subj ected to direct loading shall be 
designed. for the cross 'bendinG oocasioned by the dead.. li'!e and impact 
10acU3 of the floor sj-~stGm in addi tion to the direct chord stresses, and 
all top chord splic e~> shall be propor tioned for those stresses and any 
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shear i ng strGSH8S t[le~.i rna:' receive. 

Where the shal-'.e of the truss pm:"mitn I cO!lpression chords shall 
be buil t continuous, \7i th splices located RS near the panel points as 
possible a.'1.d pr efera:,ly on the side sub,jected to the smaller stress . 

The top chord sections of low truss spans shall be so propor­
tioned. that the red.ius of gyration about the vertical axis of t he member 
shall be at least l:~ titleS the rae.ius of gyration about the horizontal 
a.."{i s . 

145. BOTTmr CI~ORD~ The bottom chords of riveted. trusses generally 
shal l be spliced neaoc panel points and on the sio.e farthest away from 
the center of the smUl . 

BottOCI chorits comnosed of angles preferably shall be constructed 
wi th the vel't ical legs of the angles ext en0.ing d01.7nrf8.rd. 

146. UORli:D1G LniES A,'qD GRAVITY AXIS. For coapr ession Clenbers, forned 
of side segments and a cover plnte, the working line snaIl coinc i de as 
nearly as pi"actical>l e \7ith the gravity axis of the section . For symmetri­
cal sections the wor:,ing line shall coincic1.e with the (oTavity a xis. For 
two- ane;l e bottOCI chord. or 0.iagonal Clembers the working line may be ta..'ten 
as the gag e line nearest the buck of the aYlgle . 

147. CAMBE[:L. Tru .. ss;3S shall in ~eneraJ. be given a camber by increasing 
the l eng t h of the top cho r ds a,,- amount in each panel length equal to 
three- s i xteenths inch for eRcn ten feet of their horizontal projection. 

148 . RI GID Ml!l,rn,,:~s IF PIN- COlmECTED TRUSSES. Pin-connected trusses 
snaIl have stiff rivotecl r.lembers in the first trro main pai'1els of the 
bot to!!) cho r ds at each 811.0. of the span, and a l l web members performing 
the flL~c t ion of suspenders shull b e of s tif; riveted construction . 

149 . CC" -r:\TT~.s Al"'3 A.:JJT.JSi;'\A}IL~ EZ,QE?..5. Ri Gid c ou~:.ters are prefer:red . 
Adjustable counters, "hen used, shall ha ve open turn-buckles "-'ld in the 
design of these me:"bers an allowance of 10,000 pounds shall b e made fo r 
initial str ess. Only one set of diagonals in any panel shall b e adjust­
able . Sleeye nuts and loop bar s shall not be used. 

150. EYE-RAPS . EVe-bar heads shall have a cross sectional ar ea through 
t:~e c enter of the pin ho l e ex ceeding that of the body of the -oar by at 
least 40 per cent . The net section adjacent to the head shall be not 
less than that of the nain body of the bar . The thick.'less of the bar 
shall be not less than 1/8 of the width and not greater than 2 i,,-ches . 
The form of the head shal l be subMitted to the Engineer for a pproval 
before the bar s are made . The diameter of the pin shall be not less than 
2/3 of the width of the nidest bar connected . 

1 51. PACKING E'lE-:B&.'tS. The eye- bar s of a set s hall be packed symmet­
rical ly about the central plane of the truss and as nearly parallel as 
practicable, but in no case sh~ll the inclination of any bar to the plane 
of the t russ exceed 1/16 inch per foot . Bars shall be paeked as closel:! 
as practicable and held against lateral movement, but they shall be 
arranged · so that adjacent bars in the same panel will be separated by at 
lea s t 3 / 4 inch . 
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All intersecting diagonal bars not far enough apart to cl&~r 
each other at all times shall be well clamped together at intei'sec­
tions . 

Steel filling ringz shall be provided. , whe!"! required , to pre­
ve!"!t l ater"l movements of eye- bars or other members connected upon 
pins. 

1 52. DIA~:aAES. Diaframs shall be provided i n the trusses at the end 
connec t i ons of all f l oo r beams. In generaL such diaframs shall extond 
dmm to t he bo t tom flal'lge of the fl oo r bea.m and for at least hlo rivet 
spa.ces above tho top flange . 

The gusset plates engaging the pedestal pin at the end of a 
truss shall. be rig ic_ly connected b;r a diafl' am which shaD. in general , 
take dir ect bearing on the pin. Similarly, tho pedestal ",abs shall, 
where pro.ctica-cle, be connected by a o.iaf:car:! which shall , in general, 
take bearing on the pin. 

A diafrat.1 shall be prOVided between gusset plates engaging main 
members "henevei' the end tie plate is located a.t a distance of 4 :feet 
or mo r e from the po i nt of intersection of the me~bers. In general, the 
rreb of this diafo'am shall be located in the pl ane of the latticcf. 
flange . 

153. SOLE A~lD !!ASOll"RY PLATES . Sole and. TJaSonry plates supporting 
trusses ana, col lli"lIls shaH each have a t h i clmess of not less than 3/4 
inch . The bo t tom chords of t r usses shall b e raised above tho bridge 
soat at l east 2 i nches by t h e use of metal plates or ped.estal s. 

V IADUC'rS. 

1 54. TYPE. Viaducts shall consist usually of alternate toweo:- s"anf. 
and free spans of plat.e girders or r ivet ecl. trUDf>eG supported on trestl e 
t orrers. Ho"ever, in viaducts having a column height less than 35 fee t , 
trest l e ben ts T.lay 11.1 ternate l1i th the towers . 

Ir.. vic",ci:;lC-CS j,.'equi:i.~inG freedom of ':iatej;":lay and in structures having 
a less total column heiiSht than 20 feet, the number of intermc(iiate t r es - ' 
t I e bent c rnp.y be incr,Jased. over that 5pecified above but, in general, 
shall nO 'G exceed four in number . Ample rigic'.ity shall be securod in the 
attachment 0]' the sU:ger i mposed Spal'lS to the colu,-nn c<J.:9s of tho ben t s . 

1 55. EEllTS i.E) 'j'O~jERS. ]}'lch trestle bent shall be composed preferably 
of two ma.in suppor ting col lJ.!:lJls . TOt/ors shL\ll be composed of trfO bents 
r igidly bracec'. =d strutted both l ongi tucUna11y and transvorsely. 

1 55 . SINGLE BZr~TS. For viaduct spans suppor tec. on si:J.gle bents, the 
bents, if less t han 20 feet in height, shall be pin- connected to thei r 
base sections or shall be des i gned to resist bending. 

1 57 . BATTER. Col umns preferably shall have a transverse batter of not 
l ess t~~ 1 horizontal to 12 vertical . 

1 58 . DEPTH OF GIRDERS. The depths of plate girders in viaducts prefer ably 
shall b e unifor n . 

10-35-1311 
Sheet 49 

I 



159. OI£UlRR COl'flJECTIOlJS. Girders of tower spans shall be fastened 
at each end to the to :"s of the coluDlll.s or to the C1'O SS girders. 
Girclers between to',7ers shall have one end riveted., and shall be 
provideo. ~Ti th an effective expansion joint at the other end. No 
bracing or swa,y frame shall be common to aouttin spans. 

160._llRACIlm. 'I'O'.'Tcrs shall be thoroughly braced , both transversely 
and long ituo.i.nally, with a double system of sti ff tension o.iagonals 
having riveted conneetions. Longitudinal and. tl'ansverse struts shall 
be placed a t caps and bases and at all intermec.iate panel points. All 
bra cing connections shall be made by gusset plato s . 

Colup~ splices generally shall be located cl ose to and above tho 
:pru101 points of tho bracing. 

Hor'izonta1 diagolli'.1 bracing shall be providod at the tops and 
basos of towers and at least at all inte1"1lle0.iate 'oan ol points of the 
12.tGrul bracing where the tower' columI1S are splicod. 

Provision shall be made in column bearing s f or expansion of the 
tower bracing. The struts at the base of ton ers s hall be strong enough 
to slide the movable shoes nith the structure unload.ed. The co-effici­
ent of friction shall be taken at 0.3. 

161. SOLE A~m I:ASOHRY PLATES. Sole and masonry pl ates shall each be 
not less tha~ 3/4 inch thiCK. 

162. ANCHORAGE. Viaduct bents preferably shall hav e a sufficient 
spread at the base to prevent t ension in any ",ind_rd leg. lTnen this 
is impracticable, the column anchorages shall be designed to safely 
resist not less than 1;' times the calculated u plift. 

163. APPROVAL OF 'PLAlIS. The construction plans shal l consist of shop 
detail, erect ion and. 0 ther Ylorking plans showing c'I.e t a ils, dim ens ions, 
sizes of material and other information and data n ec essary for the 
complete fabricatioY, and. erection of the metal nOl'k . Approval of the 
construction pl~~s shall be secured before fabrication of steelwork is 
commenced. 

The Contr'actor s1"",11 furnish the Engineer ",i th such 'blueprint 
copies of the plans as may be required for approval a nd construction 
purposes and upon completion of the work the original plans,ii required, 
shall bo suppliect to the Engineer. No deviation fro m the approved plans 
nill be p ermitted \7ithout the written order of the Engineer. 

DESIGj\j OF TIMBER STRUCTURES 

164. BOLTS. Bolts of diameters not exceeding 1 inch preferably shall 
be spaced not closer than 6 inches center to center, not less than 6 
inches from the center' of .the 1;>01 t to the end. of any timber, and. not 
less than 2~ inches from the center of the bolt to the side of a~y 
timber. 7hese c.i stances preferably shall be increased for bolts larger 
than 1 inch in diameter. Inclined bolts through timber preferably shall 
be provided nith beveled:- cast washers to eliminate the cutting of in­
clined dapsin the timber. 
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165. ':lASHERS. ,/;. '.'!as:2el' shall be useCi. unl'.cr all bolt h ea(h and nuts 
'.-:hich \7Q1.ud otheri':',is8 COi!le in contact '.:ith ':70ocL r.-a3hers may' Dc cast 
or ~olate and shall be tesigned to prev ent excess i ve crushi!1g of the 
\'Iood '.-,hen the oolts a:- e tightened. For bolts i n il1portant l ocations, 
such as joints and s}:l iCGs, and for roo. ~~ . the '.:asi1ern shall be clenigned 
to develop the 1.)01 to:" rod in ten~ion at the unit bearing stresses 
specifi e d. 1'01' conp:.." cs sion perpend.icular t o the gr i;.i!1 of timber. 

A s tanG.art ci~cular ~'lasher shall b e useC'. ui.lc~.er the heels of all 
lag scre'.,s. 

166. HARD17A..'l.E :::OR SFJ..- COAST STRUCTURES. The h.."l.l'o.\7are u s ed in structure 
on the sea-coast p r eferably shall be galvanizeCi. . 

167. COLllrNS A1'D POSTS. No column shall have a n unsupported length 
greater than 30 ti~es its least dimension. 

The strength o f 'ouil t - up columns cOillposecl of t '70 or flor e st icks 
bol t ed together, ei t her ni t h or "Ii thout packing blo c):s, shall be con­
sider ed as equal to the combined strength of the s i ngl e sticks, each 
cons idered as an inLcpenCi.ent col~~. 

168. PILE A};J) TItAl :ED BEi'JTS. Pile Bonts . Pile bent s generally shall 
not exoeed 40 fe c t in height . Pile b ent s oyer 10 :feet high shall be 
snay braced transversely ni tli diagonal b:'a-~cs on each side o f the bent, 
and shall be adequately br ac ed longitudinally. In general, pile bents 
shall contain not less than 4 p iling each a!lc. the outside piling prefer­
ably shall be batt ered. . The p iling shall bo des i gned. for safe bearing 
and for column action. 

Framed Ben~s~ ~ramed bents may be supported on piling, concrete 
pedes t als or r.JUd sill.s. .Hl bents shall be sway b r a ced transversely 
a.nc. adequate p r ovision s hall be made :for long i t u d ina l bracing . In 
general, framed b e.'1.ts sh"-ll contain not less than 4 posts each and the 
outsid e posts of the bont sh~ll be battered . The posts shall be de­
signed . ' , ~j colum...l1s . 

Sills and 1.lud Sills . Mud sill s , and all sills 'l'lhich a r p- t o be 
located i n c},ose pr oximity to the ground surface , p referably s hall be 
g iven a preservat ive treatment . When pos ni ble t he d_es i gn shall be s1.1ch 
as to insure that s ills 17ill be l ocated clear o:f all earth s o that there 
may be . a free circc0.ation of air around them. Sill s shall b e fastened 
to nru.d s ills or piling '~ith o.rift bolts o f not l ess than 3/4 inch o.i a ­
meter and extendir~ in t o the n1U~ sills or piling at l eas t 6 inches. Sills 
shall be fastene<5. ~o pedestals 17ith dO'l'lels o:f not less t han ·3/4 inch d i a­
meter~ set in the pedestals and ex tending into tho s ills at l east 6 
inches. 

Posts shall b e fastened to sill s by dowel s of not less tha.'1. 3/4 
inch d i ameter ext ending at least 6 inches into pos ts and sills, or by 
drift bolts of not less than 3/4 inch diameter driven diagonally t l~ough 
the base of the posts and extending at l east 9 inches into the sill. 
Posts shall be fastened to pedestals with o.o"els of not less than 3/4 
inch diameter and extending i nto the posts at l east 6 inches. 
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Cap2-.!., Timber caps shall be ~ot l e05 in size than 10 by 10 
incheo . Tho~r shall 'be f astoned with drift bolts of no t l ess than 3/4 
in.ch d.iarneter cxtenc.ing o..t l east 9 inches into the piles a.nd posts . 

~racing . SinGle stor y bracing slk~ll not exceed 20 fe et in 
height . The mini1!1u."1 size of t ransverse sway braces sl1."111 be 3 by 8 
inches. All 1)::.~ ncins sn<..tll be bol tee. thrm.tf!,h the piles. po st B or caps 
at ends; at ir..teTHlcdiate intersections i t may be boltec\ or spiked. In 
n11 cases, spii: os shall be pl' ovidod i n a ddition to bolts. The 'DOltS 

used sho.ll be of not loss than 5/8 inch Ci.iamctc!'. 

Pil e Bent Abutmonts . Pil e b ent abutments shall be adequately 
brucec. 0:;:- anchore<'. to resist ear th presslli' e . Bu.lkhead plank shall be 
not less than :3 i nches t hic!: and preferable' shall be t:;:-eated . I t shall 
be f astenee'_ to the :?iles with spikes. tho length of \';hich shall be at 
l east 3 inches greater than t he thickness of the plank. 

169. TRUSSE3. J o i nts and Sulices . .ioints shall be detailed to shed 
nnter to the ma;dnro.rn degree pra.cticable. Joints and "'"lices shall be 
ccesigned to develop the comput ed stresses in the members connected and 
preferably to devel op the f ull str ength of thos e meobers . Posts or 
struts beal'ing a gainst the s i d es of timoer members preferabl;{ shall be 
provic1ell with netul end beari!1gs. Joints involving ond bearing on 
inclinai surfaces shall be avoided, prefer onc e [icing g iven to square-cut 
end.s of timbers buaring ag.linst blocks. 

IT). end- shoe pIntos and t ons ion- s:?lice plates the bearing faces 
of lugs or ta"bles 8110..11 hav e [I. smooth oven suxfacc. If roll ed plat es 
or bars are used fo r tabl es . the:T shall be milled. or cold sawed on the 
bear ing ed.ges . The bo l ts holccing the l ugs or tabl es in the notches in 
the timber shall be p l aced as nenc to t he lugs or tabl es as poss ibl e . 
No me t al lug or table she·,l l have a gearing fac e lese than 5/8 inch 
tnick. In det[l.ils ()f enc.-51-Loes on~}.o~.ring luts 0::''' tables set in the 
10'."cr c!!Or d , the S:9llcing of such l ugs or tOobles shall -De a rrang ef, so 
that no l ug or table occurs directly under the eno. of t he end post. 
The end jOi!lt 'Jet~··.reeY!. 10\'1e1"' chord and end ~o s t shall provide defin i to 
lines of action anc1. shall. be a simple j o i nt depene.inc; fo r its strength 
upon the ty:oe 0,' o.etOoil. '.Then inclined bol.ts arc used to connect the 
nain members of a: . .'1 enc .... - joint , such bolts shall be at an angle of not 
morc thaYl GO d.·Jgroos ~' .: ith the cent er line of 10'::Cl~ chord . Holes in 
ti~bcl' S :tor ir..cliT~ec1. bolts in details cnploying cnd-shoe plates shall be 
1/4 inch large:;:- tha.'l tho nominal diameter of the bolt . 

Ho daps in chor,:.s fOe but t block:! shal l be less than 3/4 inch 
deep _ 

Tcnsion spl ices shall be of such a t~'Pe chat the effects of cros, 
shrinl,ar;e of t;1e t imoer will be a minimum. Noi ther steel table fish 
plates nor s hear p in spl ices sha.ll be usee. on tinters over 8 inches 
thick, since t ile c :;:-oss s hri.rJ,age of the timber will a llow the plat es or 
paci.s to separa te . Tho shear-p i n joint shall be used only with fully 
seasoned timber an~ ~as-pipe shal l not be used for shear- p ins. 
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Floorberuu~ . Floorbe~s zhall be sized at bearing points, In 
f lo orb eams compozd of tv,o or more t imber s, the timbers shall b" separated 
by at least 2 inches for air c irculat ion . Floorbeams shall be connect ed 
to the ma in truss illcmbors by means of rods or structural shapes . 

t.anl':er s , Hangers gen erally shall be rods having upset ends with 
a suitably des igned washer 01' b earing plate at each end . Upset ene,s 
conform to the r e~uirements specified fo" Structural Steel Desig~. 

Eyebars and COUL~ter s. The re~uirements specified for Structural 
Ste ,~l Design, for cOW1tei' S, eyebar s and eyebar packing shall appl y to 
such members when used i n timber trusses. 

Braci~ Timber trusses shall b e pr o-dded wi th a rig id sys tem 
of laterals in the plane of the loac1.ed chord. ']hen the details will 
permit , this lateral br~cing shal l be securely fast ened to all longi­
tudir.al stringe"s, Lateral bracing, prefera-ol y rigid, in the plane of 
the unloaded_ chol'cl, and. rig id portal and s l'/ay bracing shall be prOVided 
in al l trusses having suffi cient head room. Outrigger brackets cop~ect­
cd to ext ensions of the floorb eams shall be usee, for bracing through 
tl-usses having head room insufficient for a top l ateral syst em . 

Camber. CalTiber, in addition to that r equi r ed_ to provide for dead 
load ane'_ shrinkage, shall be provider, in timb er trusses in sufficient 
amoun t to g ive the s truc t-<ll'e a good appearance. 

170. FLOORS ANTI RAILING, Stringer s . Stringer s sloan be of sufficient 
length to take booring avei' the full "idth of caps or floorbeams. except 
outside stringers 17hich may have butt joints . Preferably they shall be 
of two panel lenGtho pl aced "lith stagger eo_ joints. The l apped ends of 
UL~treat ed stringers shal l be separated a t l east 1/2 inch fo r air circula-: 
tion. Stringers ShElll bs secur ed to caps or fl oorbeams. 

Briddne: . Stringers shall b e bracod. by cr oss bridging in ea.ch 
panel. The'bridGi ng sha.ll be not l ess i n Biz8 ~~l":"ll~ 2" X 4 11 • 

Nailin,;:; Stri-ps. \Then timber fl oors are supported by steel joists 
the joist.s shall be provided with nailing strips whi ch shall be bolted 
either to the top flanges or the webs. 

\Then nailing strips a r e bolted to the flanges they shall be used 
on all j o i sts. They shall bc not l es s thrul 4 inches de0p and shall be 
wider thrul the supporting flange . They s hall be secured. with 5/8 inch 
Dolt s t hrough the fla~ges, spaced not more thrul 4 feet apart and not 
no r e than 18 inches from the ends of the strips. 

Nailing strips bolted to the webs shall be not farther apart than 
5 fe et a nd shall b e not l ess than 4 inches thick to pr ov i de a spiking 
face of sufficient width . They shall b e held clear of the flanges by 
blocks between the \'leb and strip, and bolted through the web with 5/8 
inch bolt s spaced nat more thrul-4 feet apar t ane not mor e than 18 
inches frol!l the ends of the strips. --
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FloorinF. . Roaclrm.y f loor plank shall have a no!Oinal thickness of 
not less thaYl 3 inches . Side',"alk floor plank shal l have a nominal thick­
ness of not l ess than 2 inches . 

The mi!limwn niz0 0:( material used for laminatea or strip floors 
'3h?~1 1 be 2" x 4;11. 

Retainine -pinces. 2.etaining piec ee , ~:·rhel~ e ~~equired , shall be not 
lOGS than 5 i nches in '-;idt!l . In general, they shall be secured i n place 
b,' 5/8 bch bolt s at :3 foot intervals and spikeii at 1 foot intervals . 

)/heel Guaro.s. 'Theel guar"-s having a cr oss 3ectio!l of not less 
than 6" x 8" shall be p,' ovid.ed or. each sio.e of the l'oacl17ay . The guard 
timbers shall be in lenGth" of net less than 1 2 feet . They sl',,~ll be 
secui~ed wi th 5/8 inch bo l t:'3 at t!"le end.s and at i ntcrmec.iate points not 
nore than 4 feet apar t. 

In strip noors or cambered floor", not provio.ecl '.1i t h r eta ini!lg 
pi ece~ , the ,-;heel guarc1.c, shall be plac ed d irectly on the flooring with 
Scupper ho l es at suitabl e ii1tervuls . In other floors the uhecl guards 
$~.:al l 0 0 snpporteci ·oy S(;u:0:pcr blocks not l ess tnan 4: inches thick and 
1 foot J. O~6J hole . . i r'. !)l nce b~r s~ikos anrl a. bo~ . t through the t7he(~ 1 guard 
anc:. flooring , anc~. spacecl no t narc than 5 f eet apo.rt . 

Cambered Floors . In strip floors or floors cro1?!ned for drainage 
the ends of t he flooring "hal l be secu.r ely heJ.a. rlorm by the retaining 
p ieces or , . .,heel guarc.s . In tilis case the bolts through the retaining 
pieces or nheel guards shall pass thr OUGh the flooring aml through the 
outside stringer or 5piking piece . 

Dr ainage . Aclequat e provision shall be macle for the proper drain­
ae;e of timber flo or s . 

Ra ilinl1:s . Hooe. r ail i ngs shall consist of not less than tuo hori­
zontal lines of railc . Rails shal l have a cr.oss section ~ : t lesG th~~ 
2 ' x 6". 

Rail posts shall have a eros " section not lens than 4" x 6" 1L'ld 
sr..all be s~ced not more than 8 f ee t aonr t . 

Preferably, rails sr.all b e surfaced four sio.os (S4S) 1L'ld paint­
ed rrhi teo 

171. FIRE STOPS. To che ck the o.;preo.d of f i re length.7ise of the str uc­
ture , t imb er flo or s, or trestles of any considerable length preferabl y 
shall be 9rov ideo. r .. i th fire stops. 

In timbor floorG these fire stops :;hould bo pl' ovidecl at intervals 
not ave" 7 5 f eet apart . Tl"lcy may cons ist of dia fr a 11:S of nood or fir e 
resista~t mat er ial at 10ast a~ thick as the f l oorinG, located over ca~s 

or floorlloarns and conpletoly f illing the openings between the j oints . 
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In timber trestle bridges, in addition to the fire stops in 
the flo o~', f ire cUl'tains should be pi'ovided. at h1td'val s of 100 
feet or more . These curtains may consist of planK or asbestos­
covered metal spiked to the bent s or concrete. They should extend 
dommard froD the bottom of the joists at least five fe et and hori­
zontally at least to t he ends of the cap". A fire stop between the 
joists should be located over each curtain. 
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Table of Moments, Shears and Floorbeam Loads for H- 15 

Loa(Hng - One Lane. 

Moment in Thousands of ]'oot P01L'1dc - Shears and Reactions 

in Thousands of Pounds . 

Shear Moment F.B. Loads 
Snan L.L. Impact L.L. Impact L.L. Impact 

5 24 . 0 9. 2 30 . 0 11.5 24.0 8. 9 
6 24 . 0 9 .1 36 . 0 13.7 24.0 8 . 8 
7 24 . 0 9.1 42. 0 15. 9 ~.O 8 . 6 
8 24 . 0 9.0 48 . 0 18 .1 24.0 8 . 5 
9 24 . 0 8.9 54 . 0 20 . 2 24.0 8 . 4 

10 24 . 0 3 . 9 60.0 22.2 24 . 0 8 . 3 

11 24 . 0 8 . 9 66.0 24. 2 24.0 8 . 2 
12 24.0 8 . 8 72.0 26.2 24.0 8.0 
13 24.0 8 . 7 78. 0 28 . 3 24.0 8 . 0 
14 24.0 8 . 6 84 . 0 30.2 24 . 0 7.9 
15 24.4 8.7 90 . 0 32.2 24.4 7 . 9 

16 24 . 7 8 . 8 96.0 34.0 24.7 7. 9 
17 25.0 8.9 102. 0 35. 9 25. 0 7. 9 
18 25 . 3 8. 9 108.0 37 . 7 25. 3 7.9 
19 25.6 8 . 9 114.0 39 . 6 25 . 6 7.9 
20 25.8 8 .9 120 . 0 41.3 25.8 7. 8 

21 26 . 0 8 . 9 126.0 43 .1 26 . 0 7.8 
22 26 .2 8 . 9 132. 0 44.9 26 . 2 7.7 
23 26.3 8 .9 138 . 0 46 . 6 26 . 3 7.7 
24 26.5 8 . 9 144.0 48.2 26.5 7 .7 
25 26 . 6 8 . 9 150. 0 50.0 26 . 6 7 . 6 

26 26 . 8 8 . 9 156 . 0 51.6 26 . 8 7.6 
27 26 . 9 8 . 9 162. 7 53.5 26.9 7 . 5 
28 27 . 0 8.9 170.1 55.6 27.0 7. 4 
29 27. 1 8 . 8 177.5 57 . 6 27 .1 7. 4 
30 27 . 2 8 . 8 1S5.0 59 . 7 27 . 2 7.3 

31 27 .3 8.8 192 .4 61.6 27.4 7.3 
32 27 . 4 8.7 199.9 63 . 6 27 .7 7.3 
33 27 . 4 8. 7 207 . 3 65.5 27.9 7.3 
34 27.5 8.6 214 . 7 67.5 28.0 7.3 
35 27.6 8 . 6 222 . 3 69 . 5 28.3 7 . 3 
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Shear Moment F.B. Loads 
Span L.L. I mpact L.L. Impact 1.1. Impact 

36 27.7 8 . 6 229.7 71.3 28.4 7.2 
37 27.8 8.6 237 .1 73.2 28.6 7.2 
38 27. 8 8.6 244 . 8 75.0 28.7 7"1 
39 27 .8 8.5 252.0 76.9 28.9 7.1 
40 27.9 8 . 5 259.5 78.6 29.0 7.0 

41 28.0 8 . 4 266 . 9 80,4 29.2 7.1 
42 28.0 8 .4 274.4 82.1 29.3 7.0 
!"3 28 . 0 8.3 281 . 9 80.9 29.4 7.0 
44 28.1 8.3 289 . 4 85 . 6 29.6 6 . 9 
45 28 .5 8.4 296.8 87 .3 30.5 7.1 

46 29.0 8.5 304.3 89.0 31.3 7.2 
47 29 .4 8.6 311.8 90.6 32.1 7.4 
48 29 .8 8.7 319 .2 92.3 32.9 7.4 
49 30 . 2 8.7 326 .7 93.9 33.7 7.6 
50 30.5 8 .7 334 . 2 95.5 34.4 7.7 

51 30.B 8.8 341. 6 97 .1 35.2 7.7 
52 31.1 8.8 349.1 98.6 35.9 7.8 
53 31.5 8.9 356.6 100.2 36.5 7.9 
54 31.8 8.9 364.1 101.7 37.1 8 . 0 
55 32.1 8.9 371.6 103.2 37.7 8 . 0 

56 32.3 8.9 379.1 10~, . 7 38.3 8.1 
57 32 .6 9.0 386.6 106.2 38.9 8.1 
58 32.9 9 .0 394.1 107.6 39.5 8 . 2 
59 33.2 9.0 401. 5 109.1 !"0.1 8 .3 
50 33.5 9.1 409.0 110.6 40.6 8.3 
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