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The Adoption of AISC 360 for Offshore  
Structural Design Practices
ALBERT KU, FARREL ZWERNEMAN, STEVE GUNZELMAN, and JIEYAN CHEN

ABSTRACT

The offshore design standards for U.S. practices refer to AISC specifications when designing structural components with nontubular shapes. 
The widely used API RP-2A WSD standard (API, 2014) asks designers to use the 1989 AISC Specification (AISC, 1989a). The newly published 
API RP-2A LRFD (API, 2019) and RP-2TOP (ANSI/API, 2019) ask designers to use the 2010 AISC Specification (AISC, 2010). Although the 
2010 AISC Specification has been partially adopted by API, the current offshore practice is still primarily dominated by the 1989 AISC Speci-
fication. The key issue hampering the offshore community’s full adoption of the 2010 AISC Specification is the relative ease of accounting 
for second-order effects in the 1989 AISC Specification. In 2019, API formed a Task Group dedicated to studying this issue, with the main 
findings summarized in this paper. By illustrating the key code check process in two examples with an easy-to-understand format, this paper 
aims at assisting the offshore structural engineers to better understand the latest AISC Specification. The authors also hope that this paper 
will serve as a communication path between the offshore structural community and AISC for current and future standards’ adoption and 
harmonization.

Keywords:  offshore structural design, topsides structural design, API RP-2A, API RP-2TOP.

INTRODUCTION

For the offshore industry, use of the 1989 AISC Specifica-
tion for Structural Steel Buildings (AISC, 1989a) together 
with the 9th Edition Steel Construction Manual (AISC, 
1989b) has been a long-held tradition. When the American 
Petroleum Institute (API) issued the most recent working 
stress design (WSD) standard—the API RP-2A WSD, 22nd 
Edition (API, 2014), in 2014—use of the AISC Specifica-
tion for Structural Steel Buildings, ANSI/AISC 360, here-
after referred to as AISC 360, was explicitly discouraged in 
both the Foreword and Section 6.1.1 of that API document. 
The fundamental reason for API’s hesitation to adopt AISC 
360 has been a lack of sufficient understanding on the new 
frame stability provisions, and its associated second-order 
analysis concept. It is our hope that this paper will benefit 
other offshore structural engineers who wish to understand 
the issues of transitioning from the 1989 AISC Specifica-
tion to AISC 360-16 (AISC, 2016).

On AISC’s frame stability procedure, excellent references 
can be found in AISC Design Guide 28, Stability Design 
of Steel Buildings (Griffis and White, 2013), the summary 
paper by Carter and Geschwindner (2008), the summary 
note by Carter (2013), and the SSRC Stability Guide (Zie-
mian, 2010). The lead author of this paper found Carter and 
Geschwindner (2008) to be particularly lucid and benefited 
with a good understanding of the AISC 360 frame stability 
process after reading that work. In this paper, we attempt 
to follow the same style by giving simple examples with 
clear explanations on the calculation process. In addition, 
the comparison paper between the AISC Specification and 
Eurocode 3 by Bernuzzi et. al. (2015) is also of note.

It should be noted that API did adopt a version of AISC 
360 [AISC 360-10, which corresponds to the 14th Edition 
Manual (AISC, 2011)] in 2019 with the publication of API 
RP-2TOP (ANSI/API, 2019). The 2016 AISC Specification, 
AISC 360-16, was not adopted because the 2TOP draft was 
prepared before 2016. Although the API RP-2TOP docu-
ment adopts AISC 360-10, this AISC Specification and its 
associated frame stability concept are still foreign to most 
offshore structural engineers. Its relation to tubular struc-
tural designs, which form the core of API RP-2A WSD and 
RP-2A LRFD, are also not well understood.

The first offshore platform was installed in 1948 in the 
Gulf of Mexico. In the early years of offshore oil and gas 
platform design, construction, and installation, there were 
no specific standards applicable to this industry. Offshore 
structural engineers had to rely on onshore steel structure 
experiences and the standards as published by AISC. The 
1st Edition API RP-2A design standard, API Recommended 
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desire to reduce the wave load in the splash zone. This por-
tal bay will experience the second-order effect (P-Δ effect) 
the most, when compared to other braced parts of the 
structure. In addition, equipment support modules on the 
topsides can be unbraced. Designers for these two types of 
structure—namely, the jacket portal bay and the unbraced 
equipment support module—should be keenly aware of the 
latest AISC standard requirement related to frame stability.

From the authors’ point of view, the differences between 
the AISC 1989 Specification and AISC 360-16 are primar-
ily in the beam-column code check, and the types of struc-
tural analysis required for that check. This is summarized 
in Table 1. For code checks using the 1989 Specification, 
the structural analysis should be first-order based. The 
beam-column equation in the 1989 Specification contains a 
magnification factor on the bending stress to represent the 
second-order effect.

For code checks using AISC 360-16, the structural anal-
ysis should be second-order based. Because the structural 
load demands obtained from the analyses already include 
the second-order effect, the beam-column equations no lon-
ger require a magnification factor.

In AISC 360-16, three types of frame stability analysis 
can be employed: the effective-length method (ELM), the 
direct-analysis method (DM), and the first-order method 
(FOM). A summary is shown in Table  2. The detailed 
discussions on these methods will be postponed until the 
examples are presented.

Practice for Planning, Designing, and Constructing Fixed 
Offshore Platforms, was published in 1969 with 16 pages 
(API, 1969). In the span of 45 years (1969–2014), there 
would be 21 more editions of API RP-2A based on the 
working stress design (WSD) concept, with the latest, API 
RP-2A WSD 22nd Edition (2014), expanded to 310 pages. 
Throughout these editions, the connection to AISC Speci-
fications has been important. The connection lies in the 
adopted equations (for tubular member design use) and its 
explicit requirement to use AISC Specifications for non
tubular member designs.

API published its first LRFD-based RP-2A in 1993 (API, 
1993), and in this standard, the connection to the 1986 
AISC LRFD Specification (AISC, 1986) was referenced. 
However, the use of this LRFD standard had been very 
limited in the United States, and the offshore industry con-
tinued to be dominated by the WSD design practice. API 
retracted the 1st Edition API 2A-LRFD in 2012 due to a 
lack of technical maintenance. This standard was upgraded 
and reissued in 2019 as the API RP-2A LRFD 2nd Edition 
(API, 2019). Whether the use of this new LRFD standard 
will be more widespread remains to be seen.

Fixed offshore structures are typically completely 
braced, as shown on the left side of Figure 1. In some geo-
graphical areas with low seismicity, such as the Gulf of 
Mexico, many jackets have a “portal bay” in between the 
jacket and topsides (i.e., deck) as shown on the right side of 
Figure 1. This can be due to installation requirements or a 

Fig. 1.  Braced offshore structure (left) and partially braced with portal bay (right).



ENGINEERING JOURNAL / SECOND QUARTER / 2024 / 73 

AISC 1989 Specification

The beam-column checks must satisfy the following two 
equations, with the first equation related to buckling and 
the second equation related to yielding. Both equations 
need to be satisfied.

fa
Fa

+ Cmx fbx

1
fa
Fex

Fbx

+
Cmy fby

1
fa
Fey

Fby

1.0≤

′′
⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠ −−

fa
0.6Fy

+ fbx
Fbx

+
fby
Fby

1.0≤

The allowable axial compression stress is:

Fa =

1
KL r( )2

2Cc
2

Fy

5

3
+

3 KL r( )
8Cc

KL r( )3

8Cc
3

,
KL r( )
Cc

1.0

12 2E

23 KL r( )2
,

KL r( )
Cc

>1.0

≤

−

−

π

⎪

⎪
⎪
⎪
⎪

⎨
⎪
⎪
⎪⎪⎪

⎧

⎩

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

The allowable bending stress of I-shaped members is:

Fb = 0.66Fy Lb Lc≤ � (4) 
� Spec. Eq. F1-1 

Lc is given by:
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� Spec. Eq. F1-2

When the unbraced length is greater than Lc, the allowable 
bending stress is:

� (1) 
� Spec. Eq. H1-1

� (2) 
� Spec. Eq. H1-2

� (3)
� Spec. Eq. E2-1

� Spec. Eq. E2-2

In this paper, two examples are considered: a cantilever 
beam-column and a two-dimensional structure with a portal 
bay. In the cantilever example, two levels of horizontal load 
are examined. Offshore structures are subjected to lateral 
loads from wind, wave, and current, and they are checked 
in combination with gravity loads. A lateral-to-vertical load 
ratio of 2% is on the low side; the more typical ratio will 
be 5% or higher. A structural member designed to the 5% 
lateral-to-vertical ratio will have a higher bending code 
check component (and lower axial component) than the 
2% lateral-to-vertical case. Since the second-order effect is 
strongly associated with the P-Δ effect, the 5% case with 
the lower axial load will have a lower second-order effect. 
This will reflect on their B2 values to be discussed later.

In the cantilever example, unity code check values for 
the 2% and 5% lateral-to-vertical load ratios are both exam-
ined. Although 5% is the more typical case for offshore 
structures, in the 2D structure example, only the 2% case 
will be given. This is due to the paper’s length limit, as 
well as that the 2% case will generate higher second-order 
effects. Consequently, these results are more interesting for 
frame stability considerations. The code checks performed 
in this paper are ASD or WSD checks with no additional 
allowable stress increase. The cases examined are summa-
rized in Table 3.

CAPACITY EQUATIONS

Capacity equations can be found in the AISC Specifica-
tion, Section E for compression, Section F for flexure, and 
Section H for beam-columns. In this section of the paper, 
only the general forms of these equations are listed for the 
purpose of explaining code check procedures. Refer to 
AISC 360-16 (AISC, 2016) and the 1989 AISC Specifica-
tion (1989a), for equation details and associated notations. 
In the following, the equation numbers from the original 
references are also listed.

Table 1.  Summary of the Beam-Column Check for the AISC 1989 and 2016 Specifications

AISC 1989 Specification AISC 2016 Specification

Structural analysis method First-order based Second-order based

Beam-column unity  
check equation
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Notes: 	(1): Only the buckling equation is shown
		  (2): For the Pr/Pc > 0.2 segment
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Table 2.  Summary of ELM, DM, and FOM

Effective-Length Method (ELM) Direct-Analysis Method (DM) First-Order Method (FOM)

Limitation
B2 = 2nd

1st
1.5≤

Δ
ΔΔ

(Δ = average story drift)

None(1) B2 1.5≤ ,
 

Pr
Py

0.5≤α

Analysis 
type

Second-order elastic Second-order elastic First-order elastic

Notional 
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loads(4)

Ni = 0.002Yi, minimum(3)

(Yi = gravity load applied at level 
i, LRFD or 1.6 times the ASD 

load combinations)

Ni = 0.002Yi

(minimum lateral load if B2 ≤ 1.5; 
additive if B2 > 1.5)

Ni = 2.1
L

Yi 0.0042
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K factor
Buckling analysis from  

API/AISC guidance
K = 1.0 K = 1.0

Notes:	(1) Though DM can apply to high B2, it is recommended to limit B2 ≤ 1.5 for offshore design as a rule.
		  (2) �In DM, EA and EI are reduced by 20% to represent cross-sectional premature yielding due to residual stress. 

If axial load is high Pr Py( ) > 0.5α , cross-sectional stiffness is further reduced by τb.
		  (3) �Minimum: if actual applied loads are greater, Ni is ignored.  

Additive: Ni is applied regardless of actual lateral load.
		  (4) �Notional lateral loads for ELM and DM are meant to represent initial out-of-plumbness. 

Notional lateral loads for FOM are meant to represent second-order load effect with a first-order structural analysis.
		  (5) τb can be taken as 1.0 in all members if additional notional loads of 0.001Yi are applied to lateral loads.

Table 3.  Code Check Cases Performed in This Study

Cantilever 2D Jacket

H == 5%P

AISC 1989 Specification √ —

AISC 360-16 ELM √ —

AISC 360-16 DM — —

AISC 360-16 FOM — —

H == 2%P

AISC 1989 Specification √ √

AISC 360-16 ELM √ √

AISC 360-16 DM — √

AISC 360-16 FOM — √
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API RP-2A WSD (2014) Tubular Capacity Equations

In the second code check example, the 2D portal frame 
jacket, the tubular portal frame columns will be checked 
using the stability methods listed in Table 2, with the tubu-
lar capacity equations taken from API. The tubular beam-
column interaction equations are given by API RP-2A WSD 
as:
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The axial allowable stress is identical to Equation 3. The 
tubular flexural allowable stress is as follows:
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where D is the outer diameter and t is the thickness of the 
tube. The similarities of beam-column interaction and axial 
allowable stress between the API RP-2A WSD and the 1989 
AISC Specification indicate that the API equations and its 
frame stability method were formulated based on the 1989 
Specification or prior.
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Beam-column checks must satisfy the following two equa-
tions. These two equations are in fact one equation but with 
different slopes on the P-M interaction diagram:
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� Spec. Eq. F1-6 
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� Spec. Eq. H1-1a
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� Spec. Eq. H1-1b
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� Spec. Eq. E3-1
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DESIGN EXAMPLE 1

Given:

Perform the code checks for a cantilever W14×82 column 15 ft in length. Minor-axis column buckling is fully braced, with the 
code check performed in the major-axis direction. Use K = 2.0, Cb = 1.67, and Cm = 0.85. The loading is as follows:

P = 300 kips 	(β = 2%)

P = 210 kips (β = 5%)
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Solution:

The geometric and material properties of the column are:

W14×82
Ag	= 24.0 in.2

Ix	 = 881 in.4

Sx	= 123 in.3

rx	 = 6.06 in.
E	 = 29,000 ksi

The cantilever is schematically shown in Figure 2. The first-order moment, the second-order P-Δ moment, and the second-
order P-δ moment are illustrated in the same figure for the H = 2%P case. Note that the moments as shown have been magni-
fied by the α factor. The purpose of this factor will be discussed in the following.

Load and Deflection Analyses

First-Order Load and Deflection

The first-order moment at the cantilever base is the top horizontal load multiplied by the height of the cantilever, Mr = (βP)L. 

For the H = 5%P case,

Mr = 5% 210 kips( ) 15 ft( )
= 158 kip-ft

For the H = 2%P case,

Mr = 2% 300 kips( ) 15 ft( )
= 90 kip-ft

The selection of the axial loads, P, for these two cases is such that the unity checks result in approximately 0.90 for both cases.

Fig. 2.  Cantilever and moment distribution along member length.
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The cantilever top deflection, for the case of H = 2%P, can be calculated as:

1st =
P( )L3

3EI

=
1.6(0.02)(300 kips)(15 ft)3

3(29,000 ksi)(881 in.4)
= 0.731 in.

α β
Δ

Note that an α factor of 1.6 was used in the deflection calculation. This is due to the requirement that the second-order effect 
needs to be assessed under the “factored” load. If LRFD is considered, α = 1.0; α = 1.6 for ASD or WSD. The deflection of 
0.731 in., although a first-order value, will be used to assess the second-order effect.

Second-Order Load and Deflection

Geometric nonlinear beam-column analysis provides the second-order deflection along the cantilever height (see McGuire et. 
al., 2014):
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The cantilever top deflection, for the case of H = 2%P, is:

P

EI
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= 4.33 10 3 in. 1
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Because the second-order base moment is the combination of β(αP)L + (αP)Δ2nd, this moment is calculated to be:

Mr =
(0.02)(1.6) 300 kips( ) 15ft( ) + 1.6( ) 300 kips( ) 0.967 in.( )

1.6
= 114 kip-ft

Note that the deflection and second-order effect are assessed at the αP level. The load and/or moment are first calculated under 
this factored condition, and then divided by α for code checks.

The parameter B2 is an important indicator of the intensity of the second-order effect. This has been implied in Table 2, in 
which B2 = 1.5 is used as a validity threshold on many of the frame stability calculation methods. B2 is defined as the ratio 
between second- to first-order frame deflections. Hence, for the case of H = 2%P, the B2 factor is:

B2 = 2nd

1st

=
0.967 in.

0.731 in.

= 1.32

Δ
Δ
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In lieu of performing a second-order structural analysis, AISC provides an approximate estimate of B2 that requires only a 
first-order structural analysis. This approximate formula is:

B2 =
1

1
Pstory
Pestory

α−
�

(17)

where Pe story is the estimate of story elastic critical buckling strength, expressed as:

Pestory = Rm
HL

1st

= 0.85
1.6 2%( ) 300 kips( ) 15 ft( )

0.731 in.( )
= 2,010 kips

Δ
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⎤

⎦
⎥
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This is compared to the classical Euler buckling load for the cantilever:

Pcr =
2EI

KL( )2

=
2 29,000 ksi( ) 881 in.4( )

2.0 15 ft( ) 2

= 1,950 kips

π

π

⎡⎣ ⎤⎦

This indicates that Pe story is a good approximation of Pcr. Pe story applies to frames with more complex geometries other than 
cantilevers. It should be noted that Pe story is a floor buckling concept—that is, when a floor with multiple columns reaches its 
buckling capacity. When assessing frame stability, Pe story is more relevant as a capacity indicator than the individual column 
Pcr.

Substituting Pe story into Equation 17,

B2 = 1

1
1.6 300 kips( )

2,010 kips( )
= 1.31

−

This is compared to the analytical B2 of 1.32 calculated previously based on the deflection definition, and again this shows 
good agreement. AISC 360-16, Appendix 8, also provides an approximation to the second-order loads as follows:

Pr = Pnt + B2Plt

Mr = B1Mnt + B2Mlt�

(18)

Pnt and Mnt are the member axial load and moment under only the vertical load, in which the subscript nt stands for “no-
translation.” Plt and Mlt are the member axial load and moment under only the horizontal load, in which the subscript lt stands 
for “lateral-translation.” Pnt, Mnt, Plt, and Mlt are all obtained from the first-order analysis.

Pr = Pnt + B2Plt

= 300 kips( ) +1.31 0 kips( )
= 300 kips

Mr = B1Mnt + B2Mlt

= B1 0 kip-ft( ) +1.31 0.02( ) 300 kips( ) 15 ft( )
= 118 kip-ft
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These are compared to the second-order analytical results of Pr = 300 kips and Mr = 114 kip-ft from the previous calculations 
based on actual loads. This close agreement demonstrates the usefulness of the B1 − B2 method.

Designers have the choice of using structural software to automatically calculate the second-order responses. The designer 
can also opt for obtaining the first-order responses first and then applying the B1 − B2 method. This B1 − B2 method is quite 
versatile and applies to structures with more complex geometries than a simple cantilever. However, for offshore structures 
with several open frames (e.g., portal frame plus several unbraced topsides module-support structures), it may be difficult to 
efficiently perform the B1 − B2 analysis method.

Even if the designers choose to perform a full second-order computer analysis, it is important for them to be aware of this sim-
plified B1 − B2 method in order to check their computer results. The first- and second-order loads required for further cantilever 
code checks are summarized in Table 4.

Case of H == 5%P

Code Check Using the 1989 AISC Specification

The following load demands at the cantilever base are taken from Table 4. Referring to Table 1, it is noted that the first-order 
loads need to be used with the 1989 Specification check.

Pr = 210 kips

Mr = 158 kip-ft

The applied axial and bending stresses are then as follows:

fa =
Pr
Ag

=
210 kips

24 in.2

= 8.75 ksi

fb =
Mr

Sx

=
158 kip-ft

123 in.2

= 15.3 ksi

The allowable axial and bending stresses are calculated using Equations 3, 4, and 6. The AISC Steel Construction Manual 
(2017) provides many convenient charts and tables where these capacities can be efficiently evaluated. Hence, we will not pro-
vide the calculation details. The capacity values are directly provided here:

Fa = 22.8 ksi

Fb = 30 ksi

Table 4.  First- and Second-Order Loads for the Cantilever Example

Pr (kips) Mr (kips-ft) B2

H == 5%P

First order 210 158 —

Second order 210 185 1.21

H == 2%P

First order 300 90 —

Second order 300 114 1.32
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The following factored Euler buckling stress is also required for code checks:

Fe =
12 2E

23 KL r( )2

=
12 2 29,000 ksi( )

23 2.0( ) 15 ft( ) 6.06 in.( ) 2

= 42.3 ksi

′

π

π

⎡⎣ ⎤⎦

The 1989 Specification unity check value is thus calculated as:

fa
Fa

+ Cm fb

1
fa
Fe

Fb

=
8.75 ksi

22.8 ksi
+

0.85 15.4 ksi( )

1
8.75 ksi

42.3 ksi
30 ksi( )

= 0.932

−−
′

⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

Code Check Using the AISC 360-16 ELM

The load demands at the base of the cantilever are taken from Table 4. Note that the second-order loads need to be used with 
AISC 360-16.

Pr = 210 kips

Mr = 185 kip-ft

The nominal axial and flexural strengths are calculated, based on Equations 9 and 11, to be Pn = 927 kips and Mn = 579 kip-ft. 
As mentioned earlier, standard charts and tables exist for fast capacity calculations; thus their details are not provided here. To 
be used for ASD, these nominal strengths are reduced by the ASD safety factor, Ωc:

Pc = Pn

c

= 927 kips

1.67
= 555 kips

Ω

Mc =
Mn

c

=
579 kip-ft

1.67
= 347 kip-ft

Ω

Because Pr/Pc > 0.2, the AISC 360-16 unity check value is:

Pr
Pc

+ 8

9

Mr

Mc
=

210 kips

555 kips
+ 8

9

185 kip-ft( )
347 kip-ft( )

= 0.852

⎛
⎝

⎞
⎠

Case of H = 2%P

Code Check Using the 1989 AISC Specification

The load demands at the base of the cantilever are taken from Table 4:

Pr = 300 kips

Mr = 90 kip-ft
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The applied axial and bending stresses are then calculated as follows:

fa =
Pr
Ag

= 300 kips

24 in.2

= 12.5 ksi

fb =
Mr

Sx

=
90 kip-ft

123 in.2

= 8.78 ksi

The allowable axial and bending stresses, as well as the factored Euler stress, are identical to the H = 5%P case—that is:

Fa = 22.8 ksi

Fb = 30 ksi

Fe = 42.3 ksi′

The 1989 Specification code unity check value is thus calculated as:

fa
Fa

+ Cm fb

1
fa
Fe

Fb

= 12.5 ksi

22.8 ksi
+

0.85 8.78 ksi( )

1
8.75 ksi

42.3 ksi
30 ksi( )

= 0.901

′ −− ⎛
⎝⎜

⎛
⎝⎜

⎞
⎠⎟

⎞
⎠⎟

Code Check Using the AISC 360-16 ELM

The load demands at the base of the cantilever are taken from Table 4:

Pr = 300 kips

Mr = 114 kip-ft

As with the H = 5%P case, the nominal axial and flexural strengths are calculated, based on Equations 9 and 11, to be Pn = 
927 kips and Mn = 579 kip-ft. To be used for ASD, these nominal strengths are reduced by the ASD safety factor Ωc:

Pc = Pn

c

= 927 kips

1.67
= 555 kips

Ω

Mc =
Mn

c

= 579 kip-ft

1.67
= 347 kip-ft

Ω
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Because Pr/Pc > 0.2, the AISC 360-16 code check value is:

Pr
Pc

+ 8

9

Mr

Mc
=

300 kips

555 kips
+ 8

9

114 kip-ft( )
347 kip-ft( )

= 0.832

⎛
⎝

⎞
⎠

Unity Check Summary for the Cantilever Example

The code unity check (UC) values for the cantilever example are summarized in Table 5. For the H = 5%P case, bending has a 
larger UC component than axial force. For the H = 2%P case, the situation is reversed with the axial force having a larger UC 
component than bending. However, this has only a minor effect on the relative UC between the 1989 AISC Specification and 
AISC 360-16, as shown in Table 5. The AISC 360-16 UC values are lower than the 1989 Specification values by approximately 
8%. This is first because the 1989 Specification flexural capacity is typically lower than AISC 360-16. The 360-16 flexure 
strength considers the combination of torsional and warping rigidities, while the 1989 Specification only considers the larger 
of the two. The second reason that 360-16 tends to be lower is due to the 8/9 factor in Equation 7. In the 1989 Specification 
beam-column buckling equation, Equation 1, this factor does not exist.

DESIGN EXAMPLE 2

Given:

Perform code checks for the 2D jacket structure, as shown in Figure 3, at the top of a portal tubular column where the highest 
bending moment occurs. The tubular column has the following geometric and material properties:

36 in. × 1 in.
Ag	= 110 in.2

I	 = 16,851 in.4

S	 = 936 in.3

r	 = 12.3 in.
E	 = 29,000 ksi
Fy	= 50 ksi
L	 = 33 ft

The following parameters also apply to the column:

K	 = 1.8 (AISC Manual, 9th Ed, ELM)
K	 = 1.0 (DM, FOM)
Cm	= 0.85

The column loading is as follows:

P	= 2,600 kips
q	= 4 kips/ft
Total vertical load V = P + 2q (74.7 ft) 
Total horizontal load H = 2%V

The portal frame columns are tubular members; hence, API RP-2A provisions will be used in their design. The code checks 
to be performed are thus not truly AISC Specification checks but are similar. In API RP-2A, the analysis approach and 

Table 5.  Unity Check Ratios for the Cantilever Example

1989 Specification AISC 360-16 

H = 5%P 0.932 0.852 (−8.6%)

H = 2%P 0.901 0.832 (−7.7%)
Note: % change is measured against the 1989 Specification UC value.
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beam-column resemble the AISC Specification equations, but the tubular allowable stresses are taken from the API RP-2A 
WSD provisions.

A Note on the K-Factor

A recently published paper by Ku et. al. (2020) discussed the various K-factor calculation procedures for portal frame columns. 
For the 2D structure considered in this example, the portal column K-factor has the following values from different analysis 
methods:

AISC Specification unbraced alignment chart:	 K = 2.45
Ku et. al. (2020):	 K = 1.69
ABAQUS FEM Solution:	 K = 1.78

Fig. 3.  Two-dimensional offshore jacket.
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The AISC Specification unbraced alignment chart applies to a moment frame, which is completely unbraced throughout the 
height of structure. For a jacket portal frame, it is combined with a braced topside from above and a braced jacket from below. 
Thus, the assumption of a complete moment frame results in a K-factor that is too conservative. Ku et. al (2020) provides a new 
analytical K-factor solution based on the braced-unbraced-braced configuration. This analytical solution was derived by using 
slope-deflection equations coupled with stability functions that results in an improved K-factor estimate for portal columns. In 
the following, K = 1.8 will be used in all code checks that require a K-factor (i.e., K ≠ 1).

Load Analysis

The general-purpose finite element analysis software ABAQUS (2018) was used to determine the first- and second-order mem-
ber loads and joint deflections. Each of the portal frame columns is discretized into eight 2-node beam-column elements. Other 
structural components of the 2D topsides and jackets are discretized with meshes of similar size.

The portal column loads from the ABAQUS analyses are shown in Table 6. For the second-order analysis, the external loads 
need to be magnified by the α = 1.6 factor for response calculations. The member loads thus obtained are then divided by the α 
factor for member code checks. In lieu of second-order analysis, the B1 − B2 method coupled with first-order structural analysis 
can also be used to obtain the second-order loads. Accurate second-order loads similar to the Table 6 numbers can be obtained 
from the B1 − B2 method; see IntelliSIMS (2019a, b).

First-Order Load

The first-order column loads are obtained from the first-order structural analysis using nominal EA and EI, with the external 
loads given in Figure 3.

Second-Order (ELM) Load

The second-order ELM column loads are obtained from the second-order structural analysis using nominal EA and EI, with the 
external loads given in Figure 3 multiplied by α = 1.6. After the second-order structural analysis, the resulting member loads 
are divided by α = 1.6 and used for design. With reference to Table 2, the ELM method can only be used when B2 ≤ 1.5. This is 
confirmed by Table 6 in which the B2 factor is calculated as 1.35. Also, from Table 2, a minimum notional load of 0.2%V needs 
to be considered. Because the actual lateral load applied is 2%V, this minimum notional lateral load does not apply.

Second-Order (DM) Load

The second-order DM column loads are obtained from the second-order structural analysis using 0.8EA and 0.8EI, with the 
external loads given in Figure 3 multiplied by α = 1.6. After the second-order structural analysis, the resulting member loads 
are divided by α = 1.6 and used for design. The following portal column axial load ratio is checked:

Pr
Py

=
1.6 1,660 kips( )
50 ksi( ) 110 in.2( )

= 0.48 0.50

α

≤

Hence, no further stiffness reduction of the portal columns is required; see Table 2. The minimum notional load of 0.2%V does 
not apply since the actual lateral load is 2%V, for the case of B2 ≤ 1.5.

Table 6.  First- and Second-Order Loads for the 2D Jacket Example (H == 2%V )

Pr (kips) Mr (kip-ft) B2

First order 1,650 642 —

Second order (ELM) 1,660 808 1.35

Second order (DM) 1,660 869 1.41

First order (FOM) 1,660 897 —
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First-Order FOM Load

The first-order FOM column loads are obtained from the first-order structural analysis using nominal EA and EI, with the 
external loads given in Figure 3. An additional lateral load, Ni, must be applied at the top of the portal bay. Ni is calculated as:

Ni = 2.1
L

Yi

= 2.1
1.1 in.

33 ft
3,200 kips( )

= 29.8 kips

Δ⎛
⎝

⎞
⎠

⎛
⎝⎜

⎞
⎠⎟

where Δ is the first-order portal frame interstory drift under the external load in Figure 3, L = 33 ft is the portal column length, 
and Yi is the total vertical load applied at the portal column bay. Yi = V in this example. This lateral load, Ni, is “additive”; that 
is, it needs to apply regardless of the magnitude of actual lateral load. From Table 2, Ni also needs to be checked for:

Ni 0.0042
Yi

Ni =29.8 kips
α

≥

0.0042
Yi = 0.0042

3,200 kips( )
1.6

= 8.39 kips
α

which is satisfied.

Validity of the FOM method is limited to cases with member axial load αPr/Py ≤ 0.50. This value was calculated earlier as 
0.48; thus, the FOM method can be used. It has been mentioned earlier in this paper that the H = 5%V case is more likely to 
be the norm for offshore structures, in which the axial load demand is less than the H = 2%V case. Because the H = 2%V case 
just barely passed the FOM applicability threshold, it can be reasonably expected that the FOM method may be applicable to 
most offshore structures. The offshore structural designers need to fully understand the various applicability conditions before 
applying the different stability methods listed in Table 2. 

Case of H == 2%V

Code Check Based on the 1989 Specification

The load demands at the top of the portal column are taken from Table 6. Note that the first-order loads need to be used with 
the 1989 Specification check.

Pr = 1,650 kips; Mr = 642 kip-ft

The applied axial and bending stresses are then as follows:

fa =
Pr
Ag

=
1,650 kips

110 in.2

= 15.0 ksi

fb =
Mr

S

= 642 kip-ft

936 in.2

= 8.23 ksi
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The allowable axial and bending stresses were calculated using Equations 3 and 15:

Fa = 23.1 ksi

Fb = 36.6 ksi

The following factored Euler buckling stress is required for code checks:

Fe =
12 2E

23 KL r( )2

=
12 2 29,000 ksi( )

23 1.8 33 ft( ) 12.3 in.( ) 2

= 45.0 ksi

π

π

⎡⎣ ⎤⎦

′

The 1989 Specification unity check value is thus calculated as follows:

fa
Fa

+ Cm fb

1
fa
Fe

Fb

=
15.0 ksi

23.1 ksi
+

0.85 8.23 ksi( )

1
15 ksi

45.0 ksi
36.6 ksi( )

= 0.935

⎛
⎝⎜

⎞
⎠⎟

−−⎛
⎝

⎞
⎠′

Code Check Using the AISC 360-16 ELM

The load demands at the top of the portal column are taken from Table 6. Note that the second order (ELM) loads are used.

Pr = 1,660 kips

Mr = 808 kip-ft

The allowable axial and bending stresses are identical to the 1989 Specification procedure, with the cross-sectional allowable 
strengths as:

Fa = 23.1 ksi

Fb = 36.6 ksi

Pc = FaAg

= 23.1 ksi( ) 110 in.2( )
= 2,540 kips

Mc = FbS

= 36.6 ksi( ) 936 in.2( )
= 2,860 kip-ft

Because Pr/Pc = (1,660 kips)/(2,540 kips) = 0.653 > 0.2, the 360-16 Specification code check value is:

Pr
Pc

+ 8

9

Mr

Mc
=

1,660 kips

2,540 kips
+ 8

9

808 kip-ft( )
2,860 kip-ft( )

= 0.904

⎛
⎝

⎞
⎠

Code Check Using the AISC 360-16 DM

The load demands for the portal column are taken from Table 6. Note that the second order (DM) loads are used:
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Pr = 1,660 kips

Mr = 869 kip-ft

The allowable axial and bending stresses for the DM method are as follows:

Fa = 26.9 ksi

Fb = 36.6 ksi

An important advantage of the DM method is that the K-factor can be taken as 1.0; see Table 2. This results in the axial allow-
able stress increase from 23.1 ksi to 26.9 ksi, illustrated in Figure 4.

Although the K-factor is reduced from 1.8 to 1.0, the increase in allowable stress is less dramatic. This is because for not-too-
slender members, the axial capacity is controlled by plastic buckling—that is, a transition region from elastic buckling to full 
yield. In this region, the member capacity is less sensitive to the change of K-factors when compared to the elastic buckling 
region.

The allowable cross-sectional strengths are calculated as follows:

Pc = FaAg

= 26.9 ksi( ) 110 in.2( )
= 2,960 kips

Mc = FbS

= 36.6 ksi( ) 936 in.3( )
= 2,860 kip-ft

Fig. 4.  Axial allowable stress comparison between ELM and DM.
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Because Pr/Pc = (1,660 kips)/(2,960 kips) = 0.563 > 0.2, the AISC 360 DM code check value is:

Pr
Pc

+ 8

9

Mr

Mc
=

1,660 kips

2,960 kips
+ 8

9

869 kip-ft( )
2,860 kip-ft( )

= 0.833

⎛
⎝

⎞
⎠

Code Check Using the AISC 360-16 FOM

The load demands at the top of the portal column are taken from Table 6. Note that the first-order (FOM) loads are used.

Pr = 1,660 kips

Mr = 897 kip-ft

The allowable stress and the allowable cross-sectional strengths are identical to the DM case (note that K = 1):

Pc = 2,960 kips

Mc = 2,860 kip-ft

Because Pr/Pc = (1,660 kips)/(2,960 kips) = 0.563 > 0.2, the 360-16 FOM code check value is:

Pr
Pc

+ 8

9

Mr

Mc
=

1,660 kips

2,960 kips
+ 8

9

897 kip-ft( )
2,860 kip-ft( )

= 0.842

⎛
⎝

⎞
⎠

UC Summary for the 2D Jacket Example

Code unity check values are summarized in Table 7. The comparisons are consistent with the cantilever example of Table 5, 
with the AISC 360-16 ELM UC value slightly lower than the 1989 Specification value. The decrease in UC is slightly less 
when compared to the cantilever example (−3.3% vs. −7.7%). This can be attributed to the fact that for wide-flange members, 
the lateral-torsional buckling strength is almost always higher in AISC 360-16 than in the 1989 AISC Specification. For tubular 
members, this difference does not exist.

Further UC reduction from ELM to DM/FOM is also observed in Table 7. Other examples studied in IntelliSIMS (2019a, b) 
show similar trends. This can be attributed to the fact that the axial allowable stresses are higher in DM/FOM due to K = 1, 
while the bending moment increase (from reduced EA and EI) is relatively low and not enough to offset the axial allowable 
stress increase. The preceding observations apply to the relatively low B2 range encountered for typical offshore structures. 
DM and FOM results are similar, which can be anticipated because FOM is, in fact, a calibrated simplified method from DM. 
Detailed explanations of this calibration can be seen, for example, in AISC Design Guide 28 (Griffis and White, 2013).

Table 7.  Code Unity Check Ratios for the 2-D Jacket Example (H == 2%V )

UC Values

1989 AISC Specification procedure 0.935

AISC 360-16 ELM procedure 0.904 (−3.3%)

AISC 360-16 DM procedure 0.833 (−10.9%)

AISC 360-16 FOM procedure 0.842 (−9.9%)
Note: % change measured against 1989 AISC Specification UC.
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is easy to understand, and its three associated methods 
(the ELM, DM, and FOM) are straightforward to apply in 
practice. Structural code checks using the 1989 and 2016 
AISC Specifications result in similar values, with the 1989 
Specification slightly on the conservative side. This slight 
advantage on economy, when switching to the AISC 2016 
Specification, in terms of weight savings perhaps will be a 
welcome news to a cost-conscious industry.

API formed a Task Group in 2019 assigned to study the 
issues associated with AISC 360 adoption. In the immediate 
future, this Task Group will likely be preparing addendums 
and/or revisions to existing standards, with the objective of 
eventual full compatibility with AISC 360.
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