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ABSTRACT 

This paper presents existing inelastic design procedures for 
steel girder bridges. Comparisons of the inelastic methods 
and the conventional methods are presented. This paper also 
discusses past and current analytical and experimental re­
search for developing behavior models to extend inelastic 
design techniques for bridges comprising non-compact 
sections. 

INTRODUCTION 

Inelastic design procedures offer the potential for significant 
cost savings by accounting for a better estimate of the true 
strength and behavior of the bridge. Inelastic limits can show 
a significant increase of capacity over that predicted by 
conventional elastic or pseudo-plastic procedures used in 
present bridge specifications.1 Furthermore, inelastic tech­
niques permit greater design flexibility such as optimizing 
material use as is done in plastic design procedures, eliminat­
ing cover plates and flange transitions, and quantifying the 
redistribution characteristics for more consistent safety 
considerations. 

In 1986, AASHTO adopted the "Guide Specifications for 
Alternate Load Factor Design (ALFD) Procedures for Steel 
Beam Bridges Using Braced Compact Sections."2 The inelas­
tic procedures in the guide specs are based on the autostress 
(shakedown) design method. Using this design flexibility to 
reduce costs, more economical designs have been achieved 
with the ALFD procedures.6 The provisions are also applica­
ble to evaluating existing bridges. 

One objective of this paper is to remove the confusion and 
perceived complexity of ALFD design and shakedown pro­
cedures. Simply stated, ALFD procedures theoretically deter­
mine the redistributed negative pier moments for continuous, 
compact beams instead of using the arbitrary 10 percent in 
the current load factor design (LFD) provisions.1 ALFD can 
be viewed as a better analysis applied to nearly the same 
performance requirements as LFD procedures. The ALFD pro­
visions are currently limited to bridges comprising braced, com­
pact sections as is LFD when using the 10 percent redistribution. 

This paper presents existing inelastic design procedures for 
steel girder bridges. Comparisons of the inelastic methods 
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and the conventional methods are presented. This paper also 
discusses current analytical and experimental research for 
developing behavior models to extend inelastic design tech­
niques for bridges comprising non-compact sections. 

INELASTIC DESIGN PROCEDURES 

For bridges comprising braced, compact sections, Table 1 
illustrates the structural performance requirements for the 
LFD and ALFD procedures for the service, overload, and 
maximum load levels used in AASHTO specifications.1 Ser­
vice limits are imposed to provide adequate fatigue life and 
to limit service load deflections. Overload limits ensure sat­
isfactory riding quality by limiting permanent deformations 
produced by occasional heavy (overload) vehicles. Maxi­
mum load limits provide adequate structural capacity for 
infrequent very heavy (maximum) vehicles. 

The ALFD procedures require limit-state checks to assure 
satisfactory structural performance at the same three load 
levels as the LFD procedures. At service load, exactly the 
same checks are required. At the other two load levels, the 
required checks are intended to satisfy the same performance 
requirements as those in the LFD procedures. The ALFD 
procedures, however, utilize more refined inelastic analytical 
procedures to calculate the actual beneficial effects of inelas­
tic redistribution of moments rather than relying on the arbi­
trary 10 percent shift specified for the LFD procedures. The 
design limits for the various load levels are discussed below. 

Service Load Limits 

For LFD and ALFD, the nominal dead load and live load plus 
impact [D + L{\ + /)] must meet fatigue and deflection limits. 
The requirements are identical for the two methods. 

Overload Limits 

To assure satisfactory riding quality at overload, the LFD 
method limits the maximum positive and negative moments 
(calculated elastically) to a fraction of the nominal yield 
moment: 0.95 for composite sections and 0.80 for noncom-
posite sections. These limits were developed from experi­
mental data from the AASHO road tests conducted in the late 
1950s and early 1960s.3 

For compact sections, up to 10 percent of the peak nega­
tive-bending moment at a pier (interior support) in a redun­
dant continuous beam may be shifted to the positive-bending 
region before checking the sections. This provision is in­
tended to account, in an approximate way, for the redistribu-
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Table 1. 
LFD and ALFD Design Limit States 

Load Level 

Service 
[D+m+/)] 

Overload 
[D + 5/3L(1+/) ] 

Maximum Load 
1.3[D + 5/3L(1 +/)] 

LFD 

Fatigue, Deflections 

10% Redistribution of 
Neg. Pier Moments. 
Pos. and Neg. Elastic Moments 
< 0.95My (Composite) and 
< O.SOMy (Noncomposite) 

10% Redistribution 
of Neg. Pier Moments. 
Pos. and Neg. Elastic 
Moments < Mp 

ALFD 

Fatigue, Deflections 

Redistributed Neg. Pier 
Moments calculated. 
Positive Elastic Moments 
< 0.95My (Composite) and 
< O.SOMy (Noncomposite) 

Redistributed Neg. Pier Moments 
calculated through Mechanism 
Analysis using Mpe at Neg. Pier 

ing are computed directly and may be included in the dead-
load camber. 

In the past, the beam-line method4'5 was generally used to 
calculate the automoments at overload.2 In this method, two 
relationships are used to define the moment at the pier: a 
continuity relationship for the structure and an inelastic mo­
ment-rotation curve for the cross section at the pier.6 Figure 
1 illustrates the beam-line method in graphical form. For 
continuous beams with more than two spans, however, an 
iterative procedure is required to get the correct pier moments 
and plastic rotations. The effects of yielding in positive-bend­
ing regions can be accounted for in the beam-line method, but 
the procedure to do so is somewhat cumbersome, especially 
for a continuous beam with more than two spans. 

Schilling7'8,9 extended the beam-line method with the uni­
fied autostress method (UAM) which has the advantage that 
it can be applied to all three limit-state checks for multiple 
spans. Previously, different methods of analysis were used in 
these different checks. Dishongh1011 also developed a residual 
damage analysis (RDA) method, similar to UAM, which can 
also analyze girders comprising non-compact sections that 
exhibit an unloading behavior with increasing inelastic rota­
tion. Both methods have the ability to account for inelastic 
moment-rotation behavior in the positive moment regions. 

Maximum Load Limit 

For compact girders, the LFD method limits the elastic mo­
ments at maximum load to the plastic moments for all sections 
and 10 percent of the pier moments may be shifted to the 
positive-bending region. Thus, the LFD procedures account 
for the ability of compact sections to sustain moments above 
the yield moment and account in an approximate way for the 
redistribution of moments due to inelastic behavior in con­
tinuous spans with compact girders. In fact, for compact 
girders, the LFD maximum load limit is actually an incre­
mental collapse (shakedown) limit, a limit that meets with 

tion of moment that can occur in continuous girders due to 
yielding at piers. Such yielding reduces the peak negative-
bending moments and increases the positive-bending mo­
ments. Thus, it amounts to a shift of moment from negative 
to positive regions. However, by limiting the negative pier 
moments to 0.95 or 0.S0My after the 10 percent redistribution, 
little or no theoretical yielding is actually allowed over the 
supports. 

At overload, the ALFD procedures explicitly permit con­
trolled local yielding over the piers, but limit the maximum 
positive moments to the same fractions of the yield moment 
as the LFD procedures. This is more consistent with the intent 
of the overload design philosophy. Furthermore, the actual 
amount of the moment shift is calculated directly in the ALFD 
procedures. The permitted local yielding at piers causes posi­
tive automoments that assure elastic behavior under sub­
sequent overloads. The automoment stresses counteract the 
stresses produced by the applied elastic moments over interior 
supports and add to the stresses produced by the applied 
elastic moments in positive-bending regions. Because the 
beam eventually behaves elastically (shakes down), there is 
no need to limit stresses in negative bending. Small perma­
nent deformations due to the local yielding in negative bend-
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Fig. 1. Graphical determination of moment 
and automoment at pier. 
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resistance from practicing engineers when stated as a "shake­
down" limit. 

The shakedown limit states that for the negative moment 
region, 

M- + m~> -M~ 

and for the positive moment region, 

M+
e + m+

r< M+
p 

where 

M- = elastic moment at the neg. pier region, 
m~ = residual moment at the neg. pier region, 
M~ = plastic moment capacity at the neg. pier region, 
M+

e = elastic moment at the pos. region, 
m+

r = residual moment at the pos. region, and 
M+ = plastic moment capacity at the pos. region. 

For LFD, m+
r and m~ are represented by the 10 percent redis­

tribution of negative pier moments. Thus, the LFD maximum 
load limit is an approximate measure of the incremental 
collapse capacity. A drawback to the LFD method is that it 
ignores the possible moment unloading behavior which may 
occur in pier sections that must significantly rotate inelasti-
cally to provide the redistribution. The section may not be 
able to maintain Mp at the required rotation. 

In contrast to the LFD procedures that limit the elastic 
moments to the plastic moment capacities for compact sec­
tions, the ALFD procedures permit the strength of the bridge 
to be determined by appropriate inelastic analytical methods 
such as the plastic-design mechanism method. These methods 
reflect the inherent strength of continuous spans. However, 
tests have shown that certain compact shapes may not possess 
adequate inelastic rotation capacity at the full plastic moment 
during hinge rotation.15"18 The ALFD provisions ensure ade­
quate rotation capacity by using an effective plastic moment, 
Mpe, in the mechanism analysis at the first hinge. The level of 
Mpe depends on the plastic-rotation curve and the amount of 
plastic rotation required at the first hinge up to incipient 
mechanism formation. 

2374ft-k 

Fig. 2. Overload level elastic moments for first span. 

The required plastic rotation depends primarily on the 
characteristics of the bridge and the plastic-rotation curve 
depends primarily on the web and compression-flange slen-
derness ratios for the sections at the piers. Semi-empirical 
formulas defining Mpe in terms of these slenderness ratios 
were developed in earlier autostress studies412 and are given 
in the ALFD guide specifications.2 The formulas, which apply 
only to compact sections, assure that the sections will provide 
a plastic-rotation capacity exceeding 0.063 radians; that is, 
the actual moment will remain above Mpe over a plastic 
rotation up to 0.063 radians. 

This amount of plastic rotation was determined in tests12 to 
correspond to that provided by sections proportioned for 
plastic design by Part 2 of the 1978 AISC building specifica­
tions,13 which were in effect at the time the formulas were 
developed. This amount of plastic rotation was expected to 
be sufficient to allow continuous bridges to reach their maxi­
mum strength. 

The effective plastic moment from the semi-empirical for­
mulas equals the actual plastic moment when both the web 
and compression-flange slenderness ratios meet the corre­
sponding limiting ratios for plastic design given in Part 2 of 
the 1978 AISC specifications, but is less than the actual plastic 
moment when either slenderness ratio exceeds its limiting 
value. For steel with a nominal yield strength of 50 ksi, these 
limiting ratios are 7.0 for compression flanges (projecting 
width/thickness) and 55.3 for webs (depth/thickness). Sec­
tions with slenderness ratios not exceeding these limiting 
values are called ultra-compact sections.9 

DESIGN EXAMPLE 

To illustrate the ALFD procedures, a two-span bridge design 
is examined and compared to the LFD design provisions. The 
bridge has two 75 ft spans with an 11 ft girder spacing. Design 
loads are the HS20 truck and lane loads.1 A trial compact and 
braced W36x210 (Fy = 50 ksi) noncomposite section will be 
examined. The yield moment My = 2996 ft-k and the plastic 
moment Mp - 3471 ft-k. The dead load is assumed at 1.46 
kips/ft, the lateral distribution factor is 2.0, and the impact 
factor is taken as 1.25. Figure 2 illustrates the overload level 
elastic moment diagrams for a typical girder. 

For LFD, the elastic moments (Me) are limited to 80 percent 
of the yield moment (0. 80 My). For the negative moment 
region, 

Me = 2524 ft-k > 0.SMy = 2397 ft-k 

which does not meet the criteria. However, since the girder is 
braced and compact, up to a 10 percent redistribution of the 
negative pier moment can be applied. The required amount 
to be redistributed is 127 ft-k (Me-0.SMy) which is 5 percent 
of the elastic moment. The pier moment becomes 2397 ft-k 
which is the limiting value of 0.8My = 2397 ft-k. Redistribut­
ing 127 ft-k of the pier moment increases the positive region 
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moment by 40 percent of the redistributed moment, (i.e. 127 
x 0.4 = 51 ft-k). Thus the positive moment becomes 2374 + 
51 = 2425 ft-k which exceeds 0.8Mr Therefore, the W30x210 
section does not meet the LFD criteria. 

ALFD provisions calculate the actual (theoretical) redistri­
bution of negative pier moment. This is accomplished by 
determining the specific moment and inelastic rotation of the 
pier section by matching the continuity relationship for the 
elastic structure (M-9) and the inelastic moment-rotation 
relationship for the section (M-Qp). The beam-line method 
and assumed relationships located in the ALFD guide spec 
are used here. Figure 1 shows the graphical method for 
determining the specific M-Qp for the pier section. Two points 
are determined for the continuity relation. Point A is the 
elastic moment normalized by Mp with no inelastic rotation. 
Point B is the rotation at the support associated with no elastic 
moment (pin ended). The intersection of the line defined by 
the two points and the section moment-inelastic rotation 
behavior determines the theoretical M-Qp for the pier section. 
The automoment at the pier is the difference between the 
elastic moment and the calculated moment. 

Determining Point B requires a structural analysis of a 
simple beam loaded with the loads that cause the largest 
moment over the pier for the girder. 

For this design case, 

Point A 

0A = 0, MA /Mp = 2524 /3471= 0.727 

Point B 

WL3 Pab(L + a) 
,x 24EI 6LEI 

X1000 

= 46.7mrads&MB/Mp = 0 

where 

W = Factored Uniform Load = 1.46 + (5/3)0.32(2)(1.25) = 
2.79 k/ft, and 

P = Factored Applied Load = 5/3 (9)(2)(1.25) = 37.5 kips 

From Figure 1, the moment at the pier is M/Mp = 0.72, or M 
= 2499 ft-k. Thus the automoment at the pier becomes 
0.0 \Mp = 25 ft-k (automoment = M- Me = -25 ft-k: 25 ft-k 
opposite of Me). Figure 3 shows the applied elastic overload 
level moments, the automoments present due to inelastic 
rotation of the pier section, and the total overload level 
moments after the structure has shaken down. 

To complete the ALFD overload level design check, the 
elastic moments in the positive region and the redistributed 
moment must be less than 0.&0My: 

At = 2374 + 25(0.4) = 2384 ft-k < 0.8M^ = 2397 ft-k 

Therefore, the W30x210 meets the ALFD overload level 
criteria. 

The LFD checks fail because the arbitrary redistribution of 
the negative moment required to meet the moment limit at the 
pier exceeds the expected redistribution and therefore in­
creases the positive region moment beyond the 0.SMy limit. 
The ALFD procedure calculates a much lower redistributed 
moment (1 percent) and meets the positive moment region 
criteria. 

For the LFD maximum load design check, the elastic 
moments are 1.3 times the overload moments. These elastic 
moments themselves are less than their respective moment 
capacities so no redistribution is necessary: 

Ml =3086 ft-k < 3471 ft-k 

MTe = 3281 ft-k < 3471 ft-k 

Therefore, the maximum load criteria are met. if some of the 
pier moment is redistributed, the maximum load criterion is 
actually a maximum shakedown limit (incremental collapse) 
with an assumed 10 percent pier moment residual moment 
field. However, the LFD criteria assume that the pier section 
can inelastically rotate a significant amount and maintain the 
plastic moment capacity. For compact sections this may not 
be true. Thus, the LFD provisions may actually be overesti­
mating the girder capacity. 

The ALFD procedures use a mechanism limit for maxi­
mum load and a reduced moment capacity at the pier (effec­
tive plastic moment Mpe) to account for local buckling during 
plastic rotation. 

The pier effective moment capacity is 

Mpe = RfMpf+RJMpw 

where 

Ri L/ = flange local buckling reduction factor : 
0.0845£(^/Z/)2 

% 
<1.0 

Rw = Web local buckling reduction factor = 
l.32E(t„/Dcpf ^LQ 

2384ft-k Total Load Positive + Residual Moments 

Total Load Negative Elastic Envelope 

Total Load Negative + Residual Moments " 

(not to scale) 2499ft-k-
-2524ft-tf 

Fig. 3. Overload level moments after shakedown for first span. 
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Mpf = Flange plastic moment capacity component, and 
Mpw = Web plastic moment capacity component 

The reductions (Rfand Rw) are transitions between ultra-com­
pact (large rotation at Mp) and compact (limited rotation at 
Mp) sections. Mpe is the moment capacity at a specified and 
usually sufficient rotation. 

For the W30x210 section, 

Rf= 
0.0845(29000)(0.222)2 

50 

Rw — 
1.32(29000)(0.0452)2 

50 

= 2.42 > 1.0 

1.56 > 1.0 

Therefore, since Rfmd Rw are greater than 1.0, the section is 
ultra-compact and there is no reduction in capacity (Mpe = 
Mp). The section has adequate inelastic rotation capacity at 
Mp. It is then clear that the ALFD maximum load mechanism 
check for the various load cases are met since the LFD 
shakedown limit capacity is adequate. 

If the section is ultra-compact, the ALFD maximum load 
capacity will always be greater than the corresponding LFD 
capacity. However, if Mpe is less than Mp, the LFD capacity 
may exceed the ALFD capacity since the LFD method ignores 
possible moment capacity loss over the pier when subjected 
to inelastic rotation. 

At the overload check, the W36x210 section does not meet 
the LFD design criteria. The redistributed pier moment re­
quired to reduce the negative moment to 0.8My increased the 
positive moment beyond 0.SMy. For ALFD, there is no restric­
tion limit for the pier moment after the redistribution. The 
moment rotation and continuity relations dictate the negative 
design moment. The girder shakes down and, at least for this 
girder, redistributes less moment to the positive moment 
region than the LFD method. 

The maximum load check does not often control the girder 
design. The LFD method uses a shakedown limit with an 
assumed residual moment field. It also assumes that the 
negative pier section can maintain the plastic moment up to 
this limit. The ALFD method uses the collapse mechanism 
limit with an effective moment capacity Mpe. lfMpe = Mp, the 
maximum load capacity will be nearly the same as the shake­
down capacity for a single girder with typical truck loads.20 

FUTURE OF INELASTIC DESIGN PROCEDURES 

Proposed load and resistance factor (LRFD) bridge specifica­
tions (NCHRP Project 12-33) have been developed recently.14 

These proposed specifications include both elastic and inelas­
tic design procedures. The elastic procedures account for 
inelastic effects in the same approximate way as the present 
LFD provisions. Specifically, they permit the moments cal­
culated by elastic methods to reach the plastic moment in 
compact sections and permit a 10 percent longitudinal redis­
tribution of peak negative moments in continuous spans. 

Inelastic procedures, which are encouraged as an alterna­
tive to the elastic procedures, are similar to those in the ALFD 
guide specifications and apply only to compact sections. 
However, with widespread use of built-up members or plate 
girders, there is a definite need to extend the applicability of 
inelastic design methods to consider noncompact sections. 
This need is confirmed in Section C6.10.11.1 of the third draft 
of the proposed AASHTO LRFD Bridge Design Specifications: 

"[Inelastic design] methods are applicable to both 
compact and noncompact sections if the plastic 
rotation characteristics of such sections are known. 
These characteristics, however, have not yet been 
adequately established for the full range of non-
compact section geometries." 

The proposed specifications do not permit inelastic proce­
dures for non-compact sections explicitly. There is a definite 
need for comprehensive inelastic design provisions for steel 
girder bridges comprising compact as well as noncompact 
girders for composite and noncomposite construction. 

RECENT RESEARCH ON NONCOMPACT GIRDERS 

The ALFD guide specifications2 cover only compact sections 
that have a compression-flange slenderness not exceeding 9.2 
and a web slenderness not exceeding 86 for 50-ksi steel. 
Therefore, additional research has been sponsored by 
AISI6'15"18 to extend the guide specifications to noncompact 
girders, which have higher web and/or flange slenderness 
ratios. The main concern with such girders is the plastic-ro­
tation behavior in negative-bending regions and the shear 
capacity through the full range of plastic rotation. The higher 
slenderness ratios change the unloading portion (after reach­
ing the maximum moment) of the plastic-rotation curves and 
thereby affect the strength of the girder calculated in the 
maximum load check. 

Because the loading portion of the negative-bending plas­
tic-rotation curve depends primarily on residual stresses and 
concrete behavior rather than buckling, it is not expected to 
be significantly different for compact and noncompact sec­
tions. In the overload check, therefore, the same procedures 
are expected to apply to both compact and noncompact sections. 

In the first phase of the sponsored work by AISI,1516 three 
noncomposite, noncompact girders of 50-ksi steel were tested 
to develop negative-bending plastic-rotation curves, espe­
cially the unloading portion of such curves. The web and 
compression-flange slenderness ratios for all girders were 
near the maximum permitted by AASHTO1 for noncompact 
girders with transverse stiffeners. The three tests included a 
variety of conditions that affect rotation characteristics: sym­
metric and unsymmetric cross sections, long and short spans, 
relatively large and small amounts of initial out-of-flatness, 
and relatively large shear stresses. From the results, a lower-
bound plastic-rotation curve was developed for plate girders 
with web and compression-flange slenderness ratios at the 
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maximum values permitted by AASHTO for noncompact 
girders with transverse stiffeners. 

In the next phase,6 50 exploratory designs were made to 
show whether the plastic-rotation characteristics defined by 
the lower-bound curve would permit economical autostress 
designs for noncompact plate girders. The results showed that 
economical autostress designs are possible with the lower-
bound curve and suggested that even more economical 
autostress designs could be achieved by improving the plas­
tic-rotation characteristics of negative-bending sections. 

Next,1718 three noncomposite girders with improved rota­
tion characteristics were tested. All had ultra-compact com­
pression flanges and a close spacing of the first transverse 
stiffener on both sides of the midspan load (yield location) to 
provide the improved rotation characteristics. Each specimen 
had a different web slenderness; one had a slenderness ratio 
about the same as that of the three girders tested previously, 
and the other two specimens had lower ratios to provide an 
additional improvement in the rotation characteristics. 

The transverse stiffener on each side of the midspan load 
was one-sided but was welded to the compression flange to 
provide more restraint for this flange. Additional transverse 
stiffeners were spaced so that the shear stress was less than 
0.6 of the maximum shear capacity as limited by tension-field 
action; the permissible moment-capacity of the girder may be 
reduced if this stiffener spacing is exceeded.1 

The results showed that the rotation characteristics were 
considerably better than those of the girders tested previously 
and should be suitable for practical autostress designs. The 
results were also used to develop a family of simplified 
plastic-rotation curves that depend on the web slenderness 
and can be used in the unified autostress method and other 
inelastic analysis methods.7'8 

CURRENT RESEARCH ON INELASTIC 
DESIGN PROCEDURES 

The author is the principal investigator on a recently initiated 
project, "Development and Experimental Verification of In­
elastic Design Procedures for Steel Bridges Comprising Non-
compact Sections,"19 supported by NSF, AISI, AISC, and the 
Missouri Highway and Transportation Department. The pur­
pose of this work is to fill in the knowledge gaps pertaining 
to inelastic behavior of steel girder bridges by establishing the 
inelastic load characteristics of noncompact steel sections 
typically used in the bridge industry and developing analyti­
cal and structural behavior models that accurately predict the 
performance of inelastically loaded structures. The main ob­
jectives of the project are: 

1. confirm ALFD (autostress) procedures by performing 
continuous-span tests 

2. develop ALFD (autostress) design provisions for non-
compact, composite, and noncomposite girders 

3. study progressive yielding (shakedown) effects in com­
posite, compact, and noncompact girders 

4. study nonlinear concrete effects (cracking, slippage, 
crushing) in composite girders and their influence on 
inelastic and elastic design and evaluation procedures 

5. obtain data on the magnitude of permanent deflections 
at loads corresponding to the overload check in the LFD 
and ALFD procedures 

6. obtain data on the shape of the plastic rotation curves for 
composite, noncompact, and compact sections 

7. confirm that the concrete slab provides adequate support 
to resist local and lateral buckling of the compression 
flange in positive-bending regions of continuous com­
posite girders. 

8. obtain data on the length of the plastic hinges that 
develop at ultimate load 

9. study the effect of dead load applied to the steel section 
in unshored composite girders 

To accomplish these objectives, sequential-load (shakedown) 
and ultimate-load tests will be performed on three 50 percent-
scale composite, continuous-span specimens: a three-span 
compact rolled beam, a two-span noncompact welded girder, 
and a two-span welded girder with ultra-compact flanges and 
a noncompact web. 

The three types of sections chosen cover the practical range 
of flange and web slenderness ratios expected to be used with 
inelastic procedures. A three-span configuration was chosen 
for the compact-section test to maximize progressive-yield­
ing (shakedown) effects, which tend to be more important in 
three-span bridges than in two-span bridges. 

The experimental results in conjunction with other relevant 
information, will be used to develop comprehensive, practical 
ALFD (autostress) design procedures for noncompact, com­
posite and noncomposite girders, which are not presently 
covered by the ALFD guide specifications. 

SUMMARY 

Currently, ALFD procedures are limited to bridges compris­
ing compact sections. The provisions are more or less an 
improvement of the LFD procedures in that they have incor­
porated recent knowledge to better analyze the redistribution 
characteristics of continuous girders. The ALFD provisions 
also allow explicit yielding over the pier section and estimate 
the permanent set at the overload level. At the maximum load 
level, the ALFD procedures account for possible capacity loss 
in the pier sections due to significant inelastic rotation. LFD 
procedures use an arbitrary redistribution of pier moments 
and assume the pier section can inelastically rotate at full 
plastic moment capacity up to incremental collapse. 

Advances in the state-of-the-art of bridge design clearly 
indicate the need for generalized inelastic steel girder bridge 
design procedures which include all possible girder cross-sec­
tional shapes, both compact and noncompact. This need is 
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confirmed by the proposed AASHTO LRFD Bridge Design 
Specifications'14 encouragement to use inelastic design pro­
cedures. To meet this need, past research coupled with the 
current research described herein will be used to develop 
comprehensive, practical inelastic design procedures for non-
compact, composite, and noncomposite girders, which are not 
presently covered by current ALFD design provisions. 
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