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Abstract: This article presents the results of studies obtained from the perspective of the engineering theory of bending for 

calculating the index of the degree of change in the initial load-bearing capacity of a structure and its element, equal to the 

ratio of the load-bearing capacity after repair or reinforcement to the load-bearing capacity before the occurrence of dam-

age, as applied to statically indeterminate structures. 
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INTRODUCTION 

A large number of previously constructed pile-supported overpass structures on foundations that deform over time 

have suffered significant damage due to the rheological properties of the soil [4, 7, 8]. Therefore, strengthening them 

is a pressing issue. This raises the question of the load-bearing capacity of the structures after their strengthening. 

Strengthening of structures in operation can be carried out with the aim of restoring their original load-bearing 

capacity or durability, partially lost due to damage or weakening of structural elements, as well as with the aim of 

increasing their load-bearing capacity or improving other qualities to create the possibility of more intensive operation. 

It is known [3, 5] that a generalized characteristic of the effectiveness of the repair or reinforcement performed is 

the indicator of the ratio of the change in the initial bearing capacity of the structure or its element  , equal to the 

ratio of the bearing capacity after repair or reinforcement
resS , 

reinS  to the bearing capacity before the occurrence of 

damage S : 

 /res reinS S =  or /reinS S =   (1) 

In each specific case, the values resS , reinS  and S  are understood to mean those forces in the structural elements 

that they are designed to withstand (for bending elements these are bending moments, for stretched and compressed 

elements – longitudinal forces, etc.). 

The first studies in the field of strengthening mechanics for port structures were undertaken by A. Y. Budin from 

the perspective of the technical theory of bending. This problem was further developed in the works of M. V. Chekre-

neva and A. P .Benois. 

In most cases, pile overpass structures are, in terms of calculations, repeatedly statically indeterminate structures. 

The bearing capacity of building structures reinforced without removing them from the stress state, as is known [1, 2, 

3, 4, 5], depends on the stresses that act in them during the reinforcement period. Moreover, for statically determinate 

structures, the reinforcement index  , equal to the ratio of the bearing capacity of the structure after reinforcement 

Srein to its bearing capacity before damage S , depends only on the nature and conditions of reinforcement of the 

damaged element [4, 5]. A fundamentally different picture occurs for statically indeterminate structures, in which the 

stress distribution always depends on the ratio of the stiffnesses of the bearing elements. Any damage to any of the 

elements, for example, frame structures, has two consequences: 1) a decrease in the bearing capacity of this element 

and 2) an increase in stresses in other (undamaged) elements due to the resulting change in the stiffness ratio. Here, to 
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restore the original bearing capacity of the structure, it is not enough to reinforce only the damaged elements; It is also 

necessary to strengthen the undamaged elements, since, as already noted, they are overloaded. 

Thus, in the case of statically indeterminate systems, the   indicator for a damaged element does not simultane-

ously serve as an indicator of the degree of restoration of the bearing capacity for the structure as a whole. 

CALCULATION METHOD 

Let us consider a certain statically indeterminate system consisting of n load-bearing elements (Fig. 1), loaded 

with arbitrary forces 
iP . For simplicity, we will assume the frame beam is completely rigid. Each of its uprights 

experiences bending stresses, the magnitude of which depends on the displacement of beam   and its rotation   (the 

latter, for a rigid beam, is a function of  ), as well as the stresses from axial forces. The greatest nodal bending 

moments in any element are due to the system of displacement  

 ( )i iМ f I=    (2) 

where 
iI  is the linear rigidity of the element in question. 

Let, after applying external forces
iP , the rigidity parameters of the frame correspond to the diagram shown in 

Figure 1,a). We will assume that element 1 sustained damage, with an initial stiffness of 
1 1

E J  along its entire length, 

where 
1

E  and 
1

J  are the elastic modulus of the material and of the element moment of inertia. After the damage 

occurred, the stiffness of this element in the damaged section 
1

1l  (Fig. 1b) decreased to 
1 1

nE J , while in the remaining 

section 
11

1l  it remained unchanged. 

3  

FIGURE. 1. Frame system operation with and without damage 

a) - system displacement due to forces 
iP  in the absence of damage; 

b) - system displacement due to forces 
iP  in the event of damage to element-I. 

 

Since the stiffness of one of the frame's columns has decreased, the beam displacement   there is naturally in-

creased to a certain value d . However, based on (1), it can then be argued that the bending moments in the undam-

aged elements have increased. Indeed, the stiffness of these elements remains unchanged, while the system displace-

ments ∆ have increased, meaning the nodal moments from the column displacement have also increased, as well as a 

decrease in its stiffness 1 1E J . Ultimately, this leads to a decrease in the bending moment M  in the element. The 

above reasoning shows that even with full restoration of the original load-bearing capacity of the damaged element (

1 = ), the load-bearing capacity of the structure as a whole is not fully restored. To fully restore it, it is necessary to 

adequately reinforce the undamaged elements. 

It follows from the above that for the design of strengthening of statically indeterminate overpass pile structures it 

is necessary to have dependencies that allow the calculation of the index   for both damaged and undamaged ele-

ments. The type of these dependencies, as usual [4, 5] should be related to the stress state of the elements in question 

(bending, compression, tension, eccentric compression and tension). The initial relationships for determining the de-

gree of restoration of the bearing capacity of damaged elements d  and u  of undamaged elements u  differ from 

the initial relationship for   in the case of statically determinate structures. Its essence lies in the need to take into 

account the redistribution of stresses in the structure, which does not occur in statically determinate systems [6]. In 

accordance with this, it is necessary to write 
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u
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=

+
 (4) 

where d

restN  is the bearing capacity of the damaged element after its restoration; u

restN  is the same, of an undamaged 

element after its reinforcement; dN  and uN  are the bearing capacity of the damaged element before the damage 

occurred and of the undamaged element before reinforcement; dN  is the magnitude of the force release in the dam-

aged element after the damage occurs; uN  is the magnitude of the increase in force in an undamaged element after 

damage has occurred.  

Below, the use of relations (3) and (4) is demonstrated using the example of elements damaged by bending. For 

other types of stress state of elements, the approach remains similar. 

Degree of restoration of the bearing capacity of a damaged bending element (5) 

 
d

d rest

d d

М

М М



=

−
 (5) 

where 
d

rest
М  is the bending moment that the damaged element can withstand after reinforcement; 

d

М  is the same, 

before damage occurs; d

М  is reduction of the bending moment in the damaged element, which occurs due to the 

redistribution of the rigidity of the structural elements during damage. 

The degree of increase in the bearing capacity of the reinforced intact element 

  
u

u rest

u u

М

М М



=

+
 (6) 

where 
u

rest
М  is the bending moment that the damaged element can withstand after reinforcement; uМ  is the same, 

before reinforcement; 
u

М  is increase in bending moment caused by redistribution of rigidity of structural elements.  

To determine 
d

 , it is necessary to substitute into (5) the value 
d

rest
М , which consists of the bending moment acting 

in the element during the period of its strengthening Мdamage and some additional bending moment, the value of 

which depends on the difference between the calculated resistance of the material R  and the value of the repair 

stresses 
1

d

  [3].  

 
1 1( )d d d d

rest damage rМ W W R =  + −   (7) 

where 
damage

W  and 
d

r
W  are the moments of resistance of the element in the presence of damage and after its elimination. 

Considering that 

 
d dМ R W=   (8) 

where 
d

W  is the initial moment of resistance of the element. Substituting (7) and (8) into (5) we can obtain. 

 
1

1

d d d
d damage
r

d

RW W М
W

R

 



−  −
=

−
  (10) 

As can be seen from (10), at 
1

0
d

 = , i.e. when the reinforcement is carried out with the complete removal of the 

structure from the stress state, (in this case, naturally, and 0
d

М = ) 
d

d

rW W= . To determine 
u

  in (6), it is necessary 

to substitute the value of 
u

rest
М . By analogy with (7) and (8). 

 1 1( )u u u u u

rest rМ W W R =  + −   (11) 

and 

 
u uМ R W=   (12) 

Substituting (11) and (12) into (6) gives 

 1 1( )u u u u

u r

u u

W W R

W R М

 




+ −
=

+
  (13) 
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The required moment of resistance of an undamaged element 
u

rW  at which its strength ensures the complete resto-

ration of the bearing capacity of the structure as a whole can be found from (13) by setting 1
u

 = . 

Then, 

 1

1

( )u u u
u

r
u

W R М
W

R

 



− +
=

−
  (14) 

Thus, in order to completely restore the original load-bearing capacity of the frame system, one of the elements 

that has been damaged must increase the moment of resistance of the damaged element to the value 
d

rW , and the 

moment of resistance of any i-th undamaged element to the value 
u

riW . 

For a more general case, when the bearing capacity of the reinforced structure may not only be equal to, but also 

greater or less than the original, expressions (10) and (14) based on (7) and (11) are rewritten as: 

 
1

1

( )d d d d

damaged

r d

R W М W
W

R

  



 −  −
=

−
  (15) 

 1

1

( )u u u u u

u

r u

R W М W
W

R

  



 +  −
=

−
  (16) 

CALCULATION RESULTS 

The following specific numerical example provides an idea of the degree of force redistribution in real pile struc-

tures that have sustained damage. 

The object of consideration is an embankment of the “gantry bulwark” type, which is a statically indeterminate 

frame system with an absolutely rigid beam. The embankment structure is shown in Fig. 2a, the frame design diagram 

in Fig. 2b, and the bending moment diagrams due to its displacement in Fig. 2c. 

The existing calculation method for the structure under consideration [3] gives the value of the system displace-

ment   in the direction of the conditional connection “1” equal to 

 
22 2 1 1

2 2

22 1 1

cos cos ( / )sin 1

2 2 sinsin
6( cos ) sin

2

sh inc can can

I I

b с

R R R М b

i i i i М М

l bl l l b b

  


 

 + +  −
 = 

 +
+  +  − 



 (17) 

where shR , incR  and canR  are the anchor reactions of the vertical and inclined posts and the resultant active soil 

pressure on the cantilever part of the structure; canM  is moment of force relative to the bottom of the beam; 1i  and 2i  

are linear rigidities of vertical and inclined frame posts (sheet piles and anchor piles); 1l  and 2l  calculated lengths of 

vertical and inclined posts; 
I

bМ  and 
I

сМ  - nodal moments at points “B” and “C” from a single displacement of the 

system in the direction of conditional connection “1” equal to: 

 1

1

cos 3sin
6

3

I

bМ i
l b

  
= + 

 
 (18) 

 2

2

1 2 sin
6

3

I

сМ i
l b

 
= +  

 
  (19) 

where shR , incR  and canR are the anchor reactions of the vertical and inclined posts and the resultant active soil pressure 

on the cantilever part of the structure; 
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FIGURE 2. Embankment in the form of a gantry bulwark and its design scheme. 

a) - structure; b) - design scheme; v) - bending moment diagrams due to displacement; g) - geometric dimensions. 

 

Let’s assume that a vertical frame post (a sheet pile wall) has been damaged, resulting in a uniform decrease in 

rigidity along its entire length. (It would also be possible to assume that the post is damaged only along a portion of 

its length; this is not essential, since in this case, the system displacement would be equal to the displacement due to 

damage along the entire post's length, multiplied by some constant coefficient.). 

Let us present a numerical analysis applicable to a real structure, the calculation of which is given in [2]. The 

geometric dimensions are shown in Fig. 2.2, g. 

The modulus of elasticity of the structure material 
42,1 10sh cE E MPa= =  ; the rigidity of the sheet piles and piles 

per 1 running meter along the length of the structure 
9 4

;4,7 10sh cE J MPa sm=    
9 4

;2,98 10c cE J MPa sm=    the 

values included in (17) of the trigonometric functions of the angle :  sin 0,316; =  cos 0,948; = 2cos 0,898; =

sin 2 0,6 = . The numerator in formula (17) is equal to 144.00 kN [2]. The linear rigidity of the CD column is
6 6

,2 5,03 10 MPa smi =  and that of the AB column in the absence of damage is 
6 6

.1 6,26 10 MPa smi =   

In order to trace the change in the stress state of the structure depending on the magnitude of the damage, we will 

assume that the thickness of the vertical post 
sh  is successively reduced from the initial value of 30sm to 26, 24, 22 

and 20 sm. The results of the calculations performed using formulas (17), (18) and (19), taking into account that the 

total value of the nodal moments /

b bMM =   and /

c cMM =   are given in Table 1. 

TABLE 1. Change in the stress state of a structure 

sh  (sm) sh cE J  (МPа·sм⁴) 1i  (МPа·sm³)   (sm) b
M  (N·m) 

c
M  (N·m) 

30 4,7·10⁹ 6,26·10⁶ 0,56 1,0·10⁵ 0,88·10⁵ 

26 3,7·10⁹ 4,9·10⁶ 0,63 0,9·10⁵ 0,99·10⁵ 

24 2,9·10⁹ 3,84·10⁶ 0,71 0,77·10⁵ 1,15·10⁵ 

22 2,2·10⁹ 2,9·10⁶ 0,77 0,64·10⁵ 1,21·10⁵ 

20 1,6·10⁹ 2,1·10⁶ 0,85 0,51·10⁵ 1,33·10⁵ 

 

As can be seen from the data provided, as the stiffness of the AB column decreases, the bending moments in it 

decrease, and the bending moments in the CD column increase accordingly. The overall displacement of the system 

also increases. 
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The degree of change in the specified quantities can be conveniently seen from Table 2, which shows their relative 

values and the graphs constructed from it (Fig. 3). In the table, 0
/b bMM Mb / M°b and 0

/ M
c c

M  are the ratios of the 

bending moments at nodes “B” and “C” in the presence of damage (
bM  and 

cM ) to their initial values in the absence 

of damage (
bM  and 

cM ), and а 0/   are the relative displacements of the system in the direction of the conditional 

connection. 

TABLE 2. Extent of change in the specified values 

sh  (sm) 0/   
0/

b b
M M  

0/
c c

M M  

30 1 1 1 

26 1,12 0,9 1,12 

24 1,25 0,77 1,25 

22 1,37 0,64 1,37 

20 1,51 0,51 1,51 

 

We will also calculate how much the structure must be reinforced to fully restore its original load-bearing capacity 

if the plaster wall thickness is reduced from 30 to 24 sm due to damage. We will only consider bending stresses, since 

the axial forces in the studs change only slightly during damage. The calculation is performed using formulas (10) and 

(14). The values included in them are: R = 30,0 МPа; IIW = 15000 sm³; uW  = 7110 sm³; damageW = 9600 sm³; 

d

dM R W=  =  4,5·10⁵ N·m;  
u

uM R W=  =  2,13 · 10⁵ N·m; dM =  0,22·10⁵ N·m; 
uM = 0,22 · 10⁵ N·m; 1

d =

5,13 МPа;  1

u = 15,49 МPа.  

For a damaged element according to formula (11) 

3300 15000 5,13 9600 220000
15230

300 51,3

d

rW sm
 −  −

= =
−

 

 

FIGURE 3. Graphs of the dependence of 
0

/   on 
0

/M M   and 
0

/  . 

The obtained value 
d

rW  corresponds to the required thickness of the element sh =30,2 sm. For an undamaged 

element according to formula (14). 

 
37110(300 154,9) 220000

8626
300 154,9

u

rW sm
− +

= =
−

  

The found value 
u

rW  corresponds to the required thickness of the element sh =44 sm. 

Thus, the calculation shows that the undamaged structural element requires more significant reinforcement than 

the damaged one. 

CONCLUSIONS 

1) To restore the original load-bearing capacity of damaged statically indeterminate structures, not only the dam-

aged but also the undamaged elements must be reinforced. The fallacy of the prevailing notion that it is sufficient to 

reinforce only the damaged elements is obvious in light of the above. 

2) The required degree of reinforcement of damaged elements of statically indeterminate systems is in all cases 

less than that of statically determinate structures. 
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3) The design of reinforcement of a statically indeterminate structure should be carried out in the following se-

quence: 

- determination of forces in the undamaged structure; 

- determination of forces in the damaged structure; 

4) - determination of the magnitude of the increase in force release in the damaged element and the magnitude of 

forces in the undamaged elements; 

5) - determination of the required values d

rW  and u

rW  corresponding to the specified values of d  and u . 

REFERENCES 

1. A. Y. Budin, G. A. Demina, Embankments. - M.: Stroyizdat, 288 p. (1979). 

2. A. Y. Budin, Thin retaining walls for sevar conditions. – L.: Stroyizdat, 288 p. (1982). 

3. A. Y. Budin, Chekreneva M.V. Strengthening port facilities. – M.: Transport, 179 p. (1983). 

4. RTM 212.0116–82. Evaluation of the efficiency of repair of concrete and reinforced concrete structures of 

shipping hydraulic structures. – Moscow: Central Scientific and Technical Institute of the Ministry of River 

Transport, (1982). 

5. Guidelines for the operation and strengthening of berthing structures with local damage. – L.: Transport, 

27 p. (1977). 

6. A. Madatov “Long-term strength of overpass berthing structures on heterogeneous foundations, including 

soft soils”, dissertation for the degree of Candidate of Technical Sciences. Leningrad: LIVT, 193 p. (1987) 

7. Methods for reconstruction of embankment overpasses of berths No. 5 and No. 6 of the Kherson port: Re-

search and Development Report, ChernomorNIIProekt, Odessa, 186 p. (1978). 

8. Study of general deformations of berths No.15 and 16 of the Reki port: Research report/Odessa Institute of 

Marine Engineers-No. GR75033228. Odessa, 220 p. (1972). 

Auto-generated PDF by ReView 3rd International Conference Advanced Mechanics: Structure, Materials, Tribology

049MadatovAMSMT2025.docxMainDocument AIPP Review Copy Only 8



AIP
Publishing i LICENSE TO PUBLISH AGREEMENT FOR CONFERENCE PROCEEDINGS

This license to Publish must be signed and returned to the Proceedings Editor before the manuscript 
can be published. If you have questions about how to submit the form, please contact the AIP 
Publishing Conference Proceedings office (confproc@aip.org). For questions regarding the 
copyright terms and conditions of this License, please contact AIP Publishing’s Office of Rights and 
Permissions, 1305 Walt Whitman Road, Suite 300, Melville, NY 11747-4300 USA; Phone 516-576- 
2268; Email; rights@ 3ip.org.

Article Title (‘Work”):

Design of Strengthening Statically Indeterminate Structures

All Author(s):

Abdirahim Madatov 
Ibrokhim Madatov

Title of Conference:
AM SM T2025

N am els to fE d ito rls tV a l e n t i n  L  P°P0V

4. Use the AM for posting within scientific collaboration networks (SCNs). For a detailed 
description of our policy on posting to SCNs, please see our Web Posting Guidelines 
(https://publishing.aip.org/authors/web-posting-guidelines).

5. Reprint the Version of Record (VOR) in print collections written by the Author, or in the 
Author's thesis or dissertation. It is understood and agreed that the thesis or 
dissertation may be made available electronically on the university's site or in its 
repository and that copies may be offered for sale on demand.

6. Reproduce copies of the VO R  for courses taught by the Author or offered at the 
institution where the Author is employed, provided no fee is charged for access to the 
Work.

7. Use the VO R  for internal training and noncommercial business purposes by the 
Author's employer.

8. Use the VO R  in oral presentations made by the Author, such as at conferences, 
meetings, seminars, etc., provided those receiving copies are informed that they may 
not further copy or distribute the Work.

9. Distribute the VOR to colleagues for noncommercial scholarly use, provided those 
receiving copies are informed that they may not further copy or distribute the Work.

10. Post the VO R  to their personal web page or their employer's web page 12 months 
after publication by AIP Publishing.

11. Deposit the VO R  in an institutional or funder-designated repository 12 months after 
publication by AIP Publishing.

12. Update a prior posting with the VOR on a noncommercial server such as arXiv, 12 
months after publication by AIP Publishing.

Author Warranties

Each Author and Copyright Owner represents and warrants to AIP Publishing the following:

All Copyright Owner(s), if not Authors):

(Please list a|| copyright owner(s) by name. In the case of a Work Made for Hire, the employer(s) 
or commissioning party(ies) are the copyright owner(s). For large groups of copyright owners, 
attach a separate list to this form.)

Copyright Ownership and Grant of Rights

For the purposes of this License, the “Work” consists of all content within the article itself and made 
available as part of the article, including but not limited to the abstract, tables, figures, graphs, 
images, and multimedia files, as well as any subsequent errata. "Supplementary Material” consists 
of material that is associated with the article but linked to or accessed separately (available 
electronically only), including but not limited to data sets and any additional files.

1. The Work is the original independent creation of each Author and does not infringe 
any copyright or violate any other right of any third party.

2. The Work has not been previously published and is not being considered for 
publication elsewhere in any form, except as a preprint on a noncommercial server 
such as arXiv, or in a thesis or dissertation.

3. Written permission has been obtained for any material used from other sources and 
copies of the permission grants have been supplied to AIP Publishing to be included 
in the manuscript file.

4. All third-party material for which permission has been obtained has been properly 
credited within the manuscript.

5. In the event that the Author is subject to university open access policies or other 
institutional restrictions that conflict with any of the rights or provisions of this License, 
such Author has obtained the necessary waiver from his or her university or institution.

This Agreement is an Exclusive License to Publish not a Transfer of Copyright. Copyright to the 
Work remains with the Author(s) or, in the case of a Work Made for Hire, with the Author(s)’ 
employer(s). AIP Publishing LLC shall own and have the right to register in its name the 
copyright to the proceedings issue or any other collective work in which the Work is included. Any 
rights granted under this License are contingent upon acceptance of the Work for publication by AIP  
Publishing. If for any reason and at its own discretion AIP Publishing decides not to publish the 
Work, this License is considered void.

Each Copyright Owner hereby grants to AIP Publishing LLC the following irrevocable rights for the 
full term of United States and foreign copyrights (including any extensions):

1. The exclusive right and license to publish, reproduce, distribute, transmit, display, 
store, translate, edit, adapt, and create derivative works from the Work (in whole or in 
part) throughout the world in all formats and media whether now known or later 
developed, and the nonexclusive right and license to do the same with the 
Supplementary Material.

2. The right for AIP Publishing to freely transfer and/or sublicense any or all of the 
exclusive rights listed in #1 above. Sublicensing includes the right to authorize 
requests for reuse of the Work by third parties.

3. The right for AIP Publishing to take whatever steps it considers necessary to protect 
and enforce, at its own expense, the exclusive rights granted herein against third 
parties.

This License must be signed by the Author(s) and, in the case of a Work Made for Hire, also by the 
Copyright Owners. One Author/Copyright Owner may sign on behalf of all the contributors/owners 
only if they all have authorized the signing, approved of the License, and agreed to be bound by it. 
The signing Author and, in the case of a Work Made for Hire, the signing Copyright Owner warrants 
that he/she/it has full authority to enter into this License and to make the grants this License contains.

1. The Author mflpTji|ease sign here (except if an Author is a U.S. Government employee, then 
please s ig rc fm ^ if f lM o w ):

I b r o k h i m  M a d a t o v  2 5 .1 1.2025

^ ^ ^ h S T (s )~ S ig n a tu r g /  Print Name Date

2. The Copyright Owner (if different from the Author) must please sign here:

Name of Copyright Owner Authorized Signature and Title Date

3. If an Author is a U.S. Government employee, such Author must please sign below.
The signing Author certifies that the Work was written as part of his/her official duties and is therefore 
not eligible for copyright protection in the United States.
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copyright and all other proprietary rights such as patent rights in the Work.

Each Copyright Owner retains the following nonexclusive rights to use the Work, without obtaining 
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Each Copyright Owner may:

1. Reprint portions of the Work (excerpts, figures, tables) in future works created by the 
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Accepted Manuscript (AM): The final version of an author's manuscript that has 
been accepted for publication and incorporates all the editorial changes made to 
the manuscript after submission and peer review. The AM does not yet reflect any 
of the publisher’s enhancements to the work such as copyediting, pagination, and 
other standard formatting.

arXiv: An electronic archive and distribution server for research article preprints in 
the fields of physics, mathematics, computer science, quantitative biology, 
quantitative finance, and statistics, which is owned and operated by Cornell
University, http://arxiv.ora/.

Commercial and noncommercial scholarly use: Noncommercial scholarly uses 
are those that further the research process for authors and researchers on an 
individual basis for their own personal purposes. They are author-to-author 
interactions meant for the exchange of ideas. Commercial uses fall outside the 
author-to-author exchange and include but are not limited to the copying or 
distribution of an article, either in hard copy form or electronically, for resale or 
licensing to a third party; posting of the AM or VOR of an article by a site or service 
where an access fee is charged or which is supported by commercial paid 
advertising or sponsorship; use by a for-profit entity for any type of promotional 
purpose. Commercial uses require the permission of AIP Publishing.

Embargo period: The period of time during which free access to the full text of an 
article is delayed.

Employer's web page: A web page on an employer’s site that highlights the 
accomplishments and research interests of the company’s employees, which 
usually includes their publications. (See also: Personal web page and Scholariy 
Collaboration Network).

Exclusive License to Publish: An exclusive license to publish is a written 
agreement in which the copyright owner gives the publisher exclusivity over certain 
inherent rights associated with the copyright in the work. Those rights include the 
right to reproduce the work, to distribute copies of the work, to perform and display 
the work publicly, and to authorize others to do the same. The publisher does not 
hold the copyright to the work, which continues to reside with the author. The terms 
of the AIP Publishing License to Publish encourage authors to make full use of their 
work and help them to comply with requirements imposed by employers, 
institutions, and funders.

Full Credit Line: AIP Publishing’s preferred format for a credit line is as follows 
(you will need to insert the specific citation information in place of the capital 
letters): "Reproduced from [FULL CITATION], with the permission of AIP 
Publishing.” A FULL CITATION would appear as: Journal abbreviation, volume 
number, article ID number or page number (year). For example: Appl. Phys. Lett. 
107, 021102 (2015).

Institutional repository: A university or research institution’s digital collection of 
articles that have been authored by its staff and which are usually made publicly 
accessible. As authors are encouraged and sometimes required to include their 
published articles in their institution's repository, the majority of publishers allow for 
deposit of the Accepted Manuscript for this purpose. AIP Publishing also allows for 
the VOR to be deposited 12 months after publication of the Work.

Journal editorial office: The contact point for authors concerning matters related 
to the publication of their manuscripts. Contact information for the journal editorial 
offices may be found on the journal websites under the “About” tab.

Linking to the Version of Record (VOR1: To create a link to your article in an AIP 
Publishing journal or proceedings, you need to know the CrossRef digital object 
identifier (doi). You can find the doi on the article’s abstract page. For instructions 
on linking, please refer to our Web Posting Guidelines at
https://publishinq.aip.orq/authors/web-postinq-quidelines.

National Laboratories: National laboratories are sponsored and funded by the 
U.S. Government but have independent nonprofit affiliations and employ private 
sector resources. These institutions are classified as Federally Funded Research 
and Development Centers (FFRDCs). Authors working at FFRCs are not

considered U.S. Government employees for the purposes of copyright. The Master 
Government List of FFRDCs may be found at http://www.nsf.gov/statistics/ffrdciisl/.

Personal web page: A web page that is hosted by the author or the author’s 
institution and is dedicated to the author's personal research interests and 
publication history. An author's profile page on a social media site or scholariy 
collaboration network site is not considered a personal web page. (See also: 
Scholarly Collaboration Network; Employer’s web page).

Peer X-Press: A web-based manuscript submission system by which authors 
submit their manuscripts to AIP Publishing for publication, communicate with the 
editorial offices, and track the status of their submissions. The Peer X-Press 
system provides a fully electronic means of completing the License to Publish. A 
hard copy of the Agreement will be supplied by the editorial office if the author is 
unable to complete the electronic version of the form. (Conference Proceedings 
authors will continue to submit their manuscripts and forms directly to the 
Conference Editors.)

Preprint: A version of an author’s manuscript intended for publication but that has 
not been peer reviewed and does not reflect any editorial input or publisher 
enhancements.

Professional Publication Ethics: AIP Publishing provides information on what it 
expects from authors in its “Statement of ethics and responsibilities of authors 
submitting to AIP Publishing journals” (http://publishing.aip.orq/authors/ethics). AIP 
Publishing is also a member of the Committee on Publication Ethics (COPE) 
(http://publicationethics.orq/). which provides numerous resources and guidelines 
for authors, editors, and publishers with regard to ethical standards and accepted 
practices in scientific publishing.

Scholarly Collaboration Network (SCN): Professional networking sites that 
facilitate collaboration among researchers as well as the sharing of data, results, 
and publications. SCNs include sites such as Academia.edu, ResearchGate, and 
Mendeley, among others.

Supplementary Material: Related material that has been judged by peer review 
as being relevant to the understanding of the article but that may be too lengthy or 
of too limited interest for inclusion in the article itself. Supplementary Material may 
include data tables or sets, appendixes, movie or audio clips, or other multimedia 
files.

U.S. Government employees: Authors working at Government organizations who 
author works as part of their official duties and who are not able to license rights to 
the Work, since no copyright exists. Government works are in the public domain 
within the United States.

Version of Record (VOR): The final published version of the article as it appears 
in the printed journal/proceedings or on the Scitation website. It incorporates all 
editorial input, is formatted in the publisher’s standard style, and is usually viewed 
in PDF form.

Waiver: A request made to a university or institution to exempt an article from its 
open-access policy requirements. For example, a conflict will exist with any policy 
that requires the author to grant a nonexclusive license to the university or 
institution that enables it to license the Work to others. In all such cases, the Author 
must obtain a waiver, which shall be included in the manuscript file.

Work: The ’Work" is considered all the material that comprises the article, including 
but not limited to the abstract, tables, figures, images, multimedia files that are 
directly embedded within the text, and the text itself. The Work does not include 
the Supplementary Material (see Supplementary Material above).

Work Made for Hire: Under copyright law, a work prepared by an employee within 
the scope of employment, or a work that has been specially ordered or 
commissioned for which the parties have agreed in writing to consider as a Work 
Made for Hire. The hiring party or employer is considered the author and owner of 
the copyright, not the person who creates the work.
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