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 Abstract

5æØや±²³Ł½や©Œや²æØや¬°©ÆœØßや©ŒやØTØª²±や©Œや±³°Œ̶ªØや°©³ºæ-Ø±±やı-やÆ°ıŁºØ±やæ̶±やÆØØ-や
̶や²©¬ıªや©Œやı-²Ø°Ø±²やŒ©°や©µØ°や̶やªØ-²³°½╆や'©°や²æØや²°Ø̶²ßØ-²や©Œや²æı±や¬°©ÆœØß╇やß³œ-
²ı¬œØや œ©-ºı²³Łı-̶œや¬°©RœØ±や©Œや¬̶µØßØ-²±やŁ³°ı-ºやŁıTØ°Ø-²や¬Ø°ı©Ł±や©Œや œıŒØや©Œや
Æ°ıŁºØ±や ª©³œŁや ÆØや ̶ŁŁ°Ø±±ØŁ╆や 'ı°±²╇や ²æØや ª©-±²°³ª²ı©-や ¬Ø°ı©Ł╇や ²æØや ¬°©RœØや ı±や
œı-øØŁや²©や̶-©ß̶œıØ±やŁ³Øや²©やŁØ±ıº-やØ°°©°±や̶-ŁやØßÆ©ŁıßØ-²±╇や©²æØ°や̶-©ß̶œıØ±や
̶°ØやŁ³Øや²©やµıÆ°̶²ı©-±や¬̶°̶±ı²ıª╆や'©°や²æØやｲ-Łや¬Ø°ı©Ł╇や¹Øや±²³Ł½や²¹©や¬°©RœØ±╇や©-Øや
²æ̶²や°ØSØª²±や²æØや±²̶²Øや©Œや²æØや±œ̶Æや©°や¬œ̶²Œ©°ßや©Œや²æØやÆ°ıŁºØやł³±²や̶Œ²Ø°やı²や¹̶±やı-や
±Ø°µıªØや̶-ŁやŒ©°や²æØやｲ-Łや¬°©RœØや̶Œ²Ø°や̶やªØ°²̶ı-や²ıßØ╇や¹æıªæやª̶-や°̶-ºØや³¬や²©やｱｵや
½Ø̶°±╆や*-や²æı±やª©-²Ø¼²╇や¹Øや¬°©¬©±Øや̶や±²©ªæ̶±²ıªや̶-̶œ½±ı±や²©やŒ³œœ½や³-ŁØ°±²̶-Łや
²æØやÆØæ̶µı©°や©Œや̶や ±²°³ª²³°Øや ı-や ±Ø°µıªØや¹æıœØや ı-ªœ³Łı-ºや̶や ±Ø²や©Œや¬̶°̶ßØ²Ø°±や
©Œ²Ø-や-©²やª©-±ıŁØ°ØŁやı-や²æØや-©°ß̶²ıµØやØµ̶œ³̶²ı©-や¬°©ªØŁ³°Ø±╆

Resumen

&œやØ±²³Łı©やŁØœや¬°©ÆœØß̶やŁØやœ©±やØŒØª²©±やŁØやœ̶や°³º©±ıŁ̶ŁやŁØやœ̶や±³¬Ø°RªıØやØ-やØœや¬³Ø-²Øやæ̶や
±ıŁ©や³-や²Øß̶やŁØやı-²Ø°Ô±や¬©°やßÀ±やŁØや³-や±ıºœ©╆や1̶°̶やØœや²°̶²̶ßıØ-²©やŁØやØ±²Øや¬°©ÆœØß̶╇や
µ̶°ı©±や¬Ø°RœØ±やœ©-ºı²³Łı-̶œØ±やŁØやœ©±や¬̶µıßØ-²©±やØ-やŁı±²ı-²©±や¬Ø°ç©Ł©±やŁØやœ̶やµıŁ̶やŁØやœ©±や
¬³Ø-²Ø±や¬©Ł°ç̶-や̶Æ©°Ł̶°±Ø╆や&-や¬°ıßØ°やœ³º̶°╇やØ-やØœや¬Ø°ı©Ł©やŁØやª©-±²°³ªªıŸ-╇やØœや¬Ø°Rœや
Ø±²Àやµı-ª³œ̶Ł©や̶や̶-©ß̶œç̶±やŁØÆıŁ̶±や̶やØ°°©°Ø±やŁØやŁı±Øü©や½や°Ø̶œı¾̶ªı©-Ø±╇や©²°̶±や̶-©ま 
ß̶œç̶±や±ØやŁØÆØ-や̶やœ̶±やµıÆ°̶ªı©-Ø±や¬̶°À±ı²̶±╆や1̶°̶やØœや¬Ø°ı©Ł©や±Øº³-Ł©╇や±ØやØ±²³Łı̶-やŁ©±や
¬Ø°RœØ±╇や³-©や®³Øや°ØSØł̶やØœやØ±²̶Ł©やŁØやœ̶やœ©±̶や©や¬œ̶²̶Œ©°ß̶やŁØœや¬³Ø-²Øやł³±²©やŁØ±¬³Ô±やŁØや
®³Øやı-ıªı̶°̶や±³や±Ø°µıªı©や½や¬̶°̶やØœや±Øº³-Ł©や¬Ø°RœやŁØ±¬³Ô±やŁØやªıØ°²©や²ıØß¬©╇や®³Øや¬³ØŁØや
ı°やæ̶±²̶やｱｵや̶ü©±╆や&-やØ±²Øやª©-²Ø¼²©╇や±Øや¬°©¬©-Øや³-や̶-Àœı±ı±やØ±²©ªÀ±²ıª©や¬̶°̶やØ-²Ø-ŁØ°や
ª©ß¬œØ²̶ßØ-²ØやØœやª©ß¬©°²̶ßıØ-²©やŁØや³-̶やØ±²°³ª²³°̶やØ-や±Ø°µıªı©╇やßıØ-²°̶±や®³Øやı-ま
ªœ³½Øや³-やª©-ł³-²©やŁØや¬̶°ÀßØ²°©±や®³Øや̶ やßØ-³Ł©や-©や±Øやª©-±ıŁØ°̶-やØ-やœ©±や¬°©ªØŁıßıØ-ま
²©±や-©°ß̶²ıµ©±やŁØやœ̶やØµ̶œ³̶ªıŸ-╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆╆

Descriptores: 

̋ rugosidad de la superficie 

̋ análisis estocástico 

̋ procedimientos de 

 evaluación nominativas 

̋ errores de diseño
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Introduction

5æØや±²³Ł½や©Œや ²æØや¬°©ÆœØßや©ŒやØTØª²±や©Œや ±³°Œ̶ªØや °©³ºæ-

-Ø±±や ı-やÆ°ıŁºØ±やæ̶±やÆØØ-や̶や ²©¬ıªや©Œや ı-²Ø°Ø±²や Œ©°や©µØ°や̶や
ªØ-²³°½╆や '©°や ²æØや ²°Ø̶²ßØ-²や ©Œや ²æı±や ¬°©ÆœØß╇や ß³œ²ı¬œØや
œ©-ºı²³Łı-̶œや¬°©RœØ±や©Œや¬̶µØßØ-²±やŁ³°ı-ºやŁıTØ°Ø-²や¬Ø-

°ı©Ł±や©Œや²æØやœıŒØや©ŒやÆ°ıŁºØ±やª©³œŁやÆØや̶ŁŁ°Ø±±ØŁ╆や
'ı°±²╇や²æØやª©-±²°³ª²ı©-や¬Ø°ı©Ł╇や²æØや¬°©RœØやı±やœı-øØŁや²©や

̶-©ß̶œıØ±やŁ³Øや²©やŁØ±ıº-やØ°°©°±や̶-ŁやØßÆ©ŁıßØ-²±╇や©²æØ°や
̶-©ß̶œıØ±や̶°ØやŁ³Øや²©や¬̶°̶±ı²ıªやµıÆ°̶²ı©-±╆

'©°や²æØやｲ-Łや¬Ø°ı©Ł╇や¹Øやª̶-や±²³Ł½や²¹©や¬°©RœØ±╇や©-Øや²æ̶²や
°ØSØª²±や²æØや±²̶²Øや©Œや²æØや±œ̶Æや©°や¬œ̶²Œ©°ßや©Œや²æØやÆ°ıŁºØやł³±²や
̶Œ²Ø°やı²や±²̶°²ØŁや±Ø°µıªØや̶-ŁやŒ©°や²æØやｲ-Łや¬°©RœØや̶Œ²Ø°や̶やªØ°-
²̶ı-や²ıßØ╇や¹æıªæやª̶-や°̶-ºØや³¬や²©やｱｵや½Ø̶°±╇やı╆Ø╆や̶Œ²Ø°や²æØや
±²̶°²や©Œや²æØやß̶²Ø°ı̶œやŒ̶²ıº³Øやı-や²æØや¹Ø̶°ı-ºやª©³°±Øや〉̶±¬æ̶œ²や
ª©-ª°Ø²Ø《╆

(Ø-Ø°̶œœ½や²æØや-©-ま³-ıŒ©°ßı²½や©Œや²æØや±³°Œ̶ªØやœ̶½Ø°やı±や
ªæ̶°̶ª²Ø°ı¾ØŁやÆ½や²æØやæØıºæ²±や©Œや²æØや°©³ºæ-Ø±±や©Œや²æØや°©̶Łや
æ〉¼《や̶-Łやı²±や¬°©¬̶º̶²ı©-やœØ-º²æや9や²æ̶²やª̶-や̶¬¬Ø̶°や©-や̶や
ŒØ¹や¬°©RœØ±や ı-や¹æıªæや ²æØや̶-©ß̶œıØ±や©Œや ²æØやª̶œª³œ̶²ı©-╇や
ŁØ±ıº-や̶-Łやıß¬œØßØ-²̶²ı©-や̶°Øやı-やß̶ł©°ı²½や〉'ıº³°Øやｱ《╆

"ªª©°Łı-ºや²©や²æØや°Ø±³œ²±や©Æ²̶ı-ØŁ╇や©-Øや-©²ıªØ±や²æ̶²や
̶œœや ²æØや̶-©ß̶œıØ±や̶°ØやŁ³Øや²©や±ØµØ°̶œやª̶²Øº©°ıØ±や©Œや¬°©-

ÆœØß±╇や±³ªæや̶±╈

ゃや 1°©ÆœØßや©ŒやŁØ±ıº-╇や°Ø̶œı¾̶²ı©-や̶-Łやª̶œª³œ̶²ı©-╆や
ゃや 1°©ÆœØßや©ŒやæØ̶²や©°やæØ̶²やº°̶ŁıØ-²╆
ゃや 1°©ÆœØßや©Œや²æØやŁ½-̶ßıªや©µØ°œ©̶Ł±や¹æıªæや̶ °Øや-©²や²̶øØ-や

ı-²©や̶ªª©³-²やı-やª̶œª³œ̶²Øや©Œや°©̶Ł¹̶½や©°や̶¬°©-や©Œや²æØや
¹©°øや〉¬̶°̶±ı²ıªやŁ½-̶ßıªやØTØª²±《や〉$̶-²ıØ-ı╇やｱｹｹｲ《╆

"œœや²æØやŒ̶ª²©°±や®³©²Ø±や̶Æ©µØや̶°Øや°̶-Ł©ßやØœØßØ-²±や̶-Łや
²æØı°やØµ©œ³²ı©-±やı-や²ıßØや̶-Łや±¬̶ªØやı±や°̶-Ł©ßやŒ³-ª²ı©-±╇や
̶-ŁやÆ½やª©-±Ø®³Ø-ªØや¹Øやæ̶µØや²©やß̶øØや°Øª©³°±Øや²©や ²æØや
±²©ªæ̶±²ıªや¬°©ªØ±±╆

0³°や±²³Ł½や¹̶±やÆ̶±ØŁや©-や²æØやŒ©œœ©¹ı-ºやŁ̶²̶╇やŒ©°や²æØや
ŁØ²Ø°ßı-̶²ı©-や©Œや²æØや¬°©RœØ±╆

ゃやや %Ø²Ø°ßı-̶²ı©-や©Œや²æØや±ı-º³œ̶°や¬©ı-²±やı-や²æØや¬°©RœØや
œ©-ºı²³Łı-̶œœ½や̶-Łや ²æØやµ̶°ı©³±や¬°©RœØ±や̶ª°©±±や ²æØや 
°©̶Łや ı-や ºØ-Ø°̶œや ̶-Łや ©-や ²æØや œØµØœや ©Œや ²æØや ¹©°øや ı-や 
¬̶°²ıª³œ̶°╆
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ゃやや 5æØや¬°©Æ̶ÆœØやŁØ¬²æや©ŒやØ̶ªæや¬©ı-²や©Œや²æØや¬°©RœØや±²³-

ŁıØŁやæi╆
ゃや 5æØや¬°©Æ̶ÆœØやœØ-º²æや©ŒやŁı±²°ıÆ³²ı©-や©Œや²æØや¬°©RœØ±や©Œや

-©や°Øº³œ̶°ı²½や©Œや²æØや°©̶Ł¹̶½ややL *
i ╆

5æ³±やØ̶ªæや©-Øや©Œや²æØや¬°©RœØ±や±²³ŁıØŁやı±やªæ̶°̶ª²Ø°ı-
¾ØŁやÆ½や²¹©や°̶-Ł©ßや¬̶°̶ßØ²Ø°±や〉æi╇や-i《╆や'©°や²æØや±²³Ł½や©Œや
²æØ±Øや²¹©や¬̶°̶ßØ²Ø°±╇や©-Øやß³±²やŁØ²Ø°ßı-Øや̶-Łや̶-̶œ½¾Øや
²æØやß̶²æØß̶²ıª̶œや±²©ªæ̶±²ıªやµ̶œ³Ø±╇や±³ªæや̶±╈

&¼¬Øª²ØŁやµ̶œ³Ø╈

                                  ややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややや〉ｱ《

m                                      ややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややや〉ｲ《

¹æØ°Øや1s ╇や1æıや╇ ̶°Øや²æØや¬°©Æ̶Æıœı²ıØ±や©Œや°Ø̶œı¾̶²ı©-や©Œや²æØや
ØµØ-²や

%ı±¬Ø°±ı©-╈

                                           やややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややややや〉ｳ《

                                                                ややややややややややややややややややややややややややややややややややややややややややややややや〉ｴ《

.©ßØ-²や©Œやª©°°Øœ̶²ı©-やÆØ²¹ØØ-や²¹©や°̶-Ł©ßやµ̶°ı̶ÆœØ±╈

                                                      やややややややややややややややややややややややややややややややややややややややややや〉ｵ《

$©°°Øœ̶²ı©-やª©ØUªıØ-²や〉æi╇や-i《や╈や

                                                                                                                              〉ｶ《

"ªª©°Łı-ºや ²©や ²æØや±²³ŁıØ±やª̶°°ıØŁや©³²やÆ½や±ØµØ°̶œや&³°©-

¬Ø̶-や ̶-Łや "ßØ°ıª̶-や Ø-ºı-ØØ°ı-ºや ̶-Łや ŁØ±ıº-や ŁØ-

¬̶°²ßØ-²±╇や ¹Øや ª̶-や R¼や ²æØや µ̶œ³Ø±や Œ©°や ²æØや µ̶°ı©³±や
±²©ªæ̶±²ıªや¬̶°̶ßØ²Ø°±や〉$̶-²ıØ-ı╇やｱｹｹｲ《╆ 

"ªª©°Łı-ºや²©や²æØや±²³ŁıØ±や̶-Łや²æØや°Ø±³œ²±や©Æ²̶ı-ØŁ╇や©-Øや
ª̶-や ŁØ²Ø°ßı-Øや ²æØや æØıºæ²±や ©Œや -©-や °Øº³œ̶°ı²ıØ±や ©Œや ²æØや
°©̶Ł¹̶½や©°や²æØやÆ°ıŁºØやŁØªøやŒ©°や²æØやµ̶°ı©³±や¬©ı-²±╇やÆ½や
²æØやŒ©œœ©¹ı-ºやØ¼¬°Ø±±ı©-╈

æiや└やｴ╆ｰや┏やK * Liや や 〉ｷ《
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     ̶-Łやや

5æØ°ØŒ©°Ø╈ややややや や ややや¹ı²æやや

5©や±ıß¬œıŒ½や̶-ŁやºØ-Ø°̶œı¾Øや²æØやª©ØUªıØ-²やむや©°や〉,《やı-や̶œœや
©³°やª̶±Ø±╇や¹Øや²̶øØやı²±や̶°ı²æßØ²ıªやßØ̶-╆

                                                                           ややややややややややややややややややややややや〉ｸ《

*

ｱ *s

Li s s s
. 1 -??Â

*

ｱ *s

iæ ii æ ææ 1 -??Â

さ ｲ さｲ
ｱ *  s

L s S s L
% 1 - ß?? /Â

さ ｲ さｲ
ｱ *  s

æ ± 4 ± æ% 1 æ ß?? /Â
* * *

ｱ や や* *  * s

-æ ± ± ± 4 - æ, 1 - æ ß ß?? /Â
*

*

* **

-æ
-æ

æ -

K
r

K D
?

' ｳæ æ æu u u~ ~ ｲ ｳk~ ~
' ｴ╆ｰ さæ -g? - ｲ ｳg~ ~

〉 《
ｰｲ╆ｵｰ

ｲ
ßı- ß̶¼

ß©½

K K
K

-? ?

Hkiwtg"40"Ukpiwnct"rqkpvu"qh"c"pqp"wpkhqto"rtqhkng

さ さ さ ｲ さ ｲ
 
やｷ╆ｲや ╉やや や やｱｱ╆ｳや ╉や や やｳｷ╆ｸや ╉や や やｹｳ╆ｵや ╉- æ - æm m m mm D m D mm… … … …

* *

 
やｲｶや ╆ ╉やや や やー ╆ｴｳ-æ -æK mm m r… …



Stochastic Analysis of a Non Uniform Surface of Bridges

Ingeniería Investigación y Tecnología, volumen XIV (número3), julio-septiembre 2013: 369-375 ISSN 1405-7743 FI-UNAM372

Evaluation of surface by function of correlation

5æØや ¬°©RœØや ©Œや ¬̶°²や ©Œや ²æØや ±³°Œ̶ªØや ©Œや ̶-や ̶¬°©-や ª̶-や ÆØや
̶-̶œ½¾ØŁやÆ½や²æØやßØ²æ©Łや©Œや²æØや°̶-Ł©ßやŒ³-ª²ı©-±や〉,ıßや
̶-Łや,̶¹̶²̶-ı╇やｲｰｰｱ《╇や²æØやßıª°©や¬°©RœØや©Œや²æØや°©̶Ł¹̶½や
̶Œ²Ø°や ı²±や±²³Ł½や̶-Łやı²±や̶-̶œ½±ı±や̶-Łや°Øº̶°ŁØŁや̶±や̶や°̶--

Ł©ßやŒ³-ª²ı©-やæ〉¼《╇やÆ½やª©-±ıŁØ°ı-ºや²æ̶²や²æı±やŒ³-ª²ı©-やı±や
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