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SUMMARY  

4ÈÅ ÐÕÒÐÏÓÅ ÏÆ ÔÈÅ ÔÅÓÔÉÎÇ ÏÆ ,"ρ ÁÎÄ ,"σ ÉÓ ÔÏ ПÉÎÄ ÔÈÅ ÌÏÁÄ ÂÅÁÒÉÎÇ ÃÁÐÁÃÉÔÙ ÁÎÄ ÔÈÅ ÆÁÉÌÕÒÅ 
ÍÅÃÈÁÎÉÓÍ ÏÆ ÔÈÅ Ô×Ï ÓÐÅÃÉÍÅÎÓȢ )Î ÔÈÉÓ ÒÅÐÏÒÔ ÔÈÅ ÍÅÔÈÏÄÓ ÁÎÄ ÒÅÓÕÌÔÓ ÆÏÌÌÏ×ÉÎÇ ÔÈÅ 
ÅØÐÅÒÉÍÅÎÔÓ ÁÒÅ ÓÈÏ×ÎȢ 4ÈÅ ÍÅÔÈÏÄÓ ÁÎÄ ÒÅÓÕÌÔÓ ÏÆ ÔÈÅ ÅØÐÅÒÉÍÅÎÔÓ ÁÒÅ ÓÕÍÍÁÒÉÚÅÄ ÁÓ ÆÏÌÌÏ×Óȡ 
 
ρȢ 4ÈÅ ÂÅÁÒÉÎÇ ÃÁÐÁÃÉÔÙ ÁÎÄ ÔÈÅ ÓÔÒÕÃÔÕÒÁÌ ÒÅÓÐÏÎÓÅÓ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎÓ ÄÕÒÉÎÇ ÔÈÅ ÌÏÁÄÉÎÇ 
ÐÒÏÃÅÓÓ ×ÁÓ ÉÎÖÅÓÔÉÇÁÔÅÄ ÕÓÉÎÇ ÌÏÁÄ ÃÅÌÌÓȟ ÌÁÓÅÒÓȟ ,6$4Óȟ ÏÐÔÉÃ ПÉÂÅÒÓ ÁÎÄ $)#Ȣ 

 
ςȢ "ÏÔÈ ÓÐÅÃÉÍÅÎÓ ×ÅÒÅ ÔÅÓÔÅÄ ÕÓÉÎÇ ÆÏÕÒȤÐÏÉÎÔ ÂÅÎÄÉÎÇ ÔÅÓÔȢ  
 
σȢ &ÏÒ ,"ρ ÔÈÅ ÍÁØ ÌÏÁÄ ×ÁÓ ÁÃÈÉÅÖÅÄ ÁÔ ρχτφ Ë.Ȣ 4ÈÅ ÍÁØÉÍÕÍ ÖÅÒÔÉÃÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ÁÔ ÍÉÄȤ
ÓÐÁÎ ×ÁÓ τσ ÍÍȢ 

 
τȢ ,"ρ ÒÅÁÃÈÅÄ ÉÔÓ ÍÁØÉÍÕÍ ÂÅÁÒÉÎÇ ÃÁÐÁÃÉÔÙ ×ÈÅÎ ÓÔÅÅÌ ÂÅÁÍÓ ÒÅÁÃÈÅÄ ÔÈÅ ÙÉÅÌÄÉÎÇ ÓÔÒÅÓÓȢ 
!ÆÔÅÒ×ÁÒÄÓ Á ÂÒÉÔÔÌÅ ÆÁÉÌÕÒÅ ÏÆ ÔÈÅ ÉÎÔÅÒÆÁÃÅ ÂÅÔ×ÅÅÎ ÏÎÅ ÏÆ ÔÈÅ ÂÅÁÍÓ ÁÎÄ ÔÈÅ ÃÏÎÃÒÅÔÅ ×ÁÓ 
ÏÂÓÅÒÖÅÄȟ ÌÉÍÉÔÉÎÇ ÔÈÅ ÄÕÃÔÉÌÉÔÙ ÏÆ ÔÈÅ ÅÌÅÍÅÎÔȢ  

 
υȢ &ÏÒ ,"σ ÔÈÅ ÍÁØ ÌÏÁÄ ×ÁÓ ÁÃÈÉÅÖÅÄ ÁÔ ρτωτ Ë.Ȣ 4ÈÅ ÍÁØÉÍÕÍ ÖÅÒÔÉÃÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ÁÔ ÍÉÄȤ
ÓÐÁÎ ×ÁÓ φω ÍÍȢ 

 
φȢ ,"σ ÆÁÉÌÅÄ ÄÕÅ ÔÏ ÂÅÎÄÉÎÇ ÂÙ ÙÉÅÌÄÉÎÇ ÏÆ ÔÈÅ ÓÔÅÅÌ ÂÅÁÍÓ ÁÎÄ ÌÁÔÅÒ ÃÏÎÃÒÅÔÅ ÃÒÕÓÈÉÎÇ ÏÎ ÔÈÅ 
ÔÏÐ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎȢ 

 
 

&ÉÌÅÓ ÁÎÄ ÆÏÌÄÅÒÓ ÔÈÁÔ ÁÃÃÏÍÐÁÎÙ ÔÈÉÓ ÄÏÃÕÍÅÎÔ ÁÒÅ ÌÉÓÔÅÄ ÉÎ ÔÈÅ ÆÏÌÌÏ×ÉÎÇȢ 
¶ -ÅÁÓÕÒÅÍÅÎÔ ÐÌÁÎ ÄÒÁ×ÉÎÇ 
&ÉÌÅÓȡ ςπςςπρςχȤ-ÅÁÓÕÒÉÎÇ0ÌÁÎȤ,"ρȤÖφȢÐÄÆ 
ςπςςπσπψȤ-ÅÁÓÕÒÉÎÇ0ÌÁÎȤ,"σȤÖυȢÐÄÆ 

¶ 4ÅÓÔ -ÅÁÓÕÒÅÍÅÎÔ $ÁÔÁ 
&ÉÌÅÓȡ  
ςπςςπρςψȤ$ÁÔÁͺ,"ρȢØÌÓØ 
ςπςςπσπωȤ$ÁÔÁȤ,"σȢØÌÓØ 
ςπςςπσπωȤ$ÁÔÁȤ,"σȤÒÅÌÏÁÄÉÎÇ4ÅÓÔȢØÌÓØ 

¶ 3ÅÎÓÏÒ $ÅÔÁÉÌÓ 
&ÉÌÅÓȡ ςπςςπρςχȤ3ÅÎÓÏÒ$ÅÔÁÉÌÓȤ,"ρȢØÌÓØ 
ςπςςπσπωȤ3ÅÎÓÏÒ$ÅÔÁÉÌÓȤ,"σȢØÌÓØ 

¶ ς$ $)# $ÁÔÁ 
&ÉÌÅÓȡ ςπςςπρσρȤς$Ȥ$)#Ȥ2ÅÐÏÒÔȤ,"ρȢÐÄÆ 
ςπςςπσπωȤς$Ȥ$)#Ȥ2ÅÐÏÒÔȤ,"σȢÐÄÆ 

¶ σ$ $)# $ÁÔÁ 
&ÉÌÅÓȡ ςπςςπρσρȤσ$Ȥ$)#Ȥ2ÅÐÏÒÔȤ,"ρȢÐÄÆ 
ςπςςπσπωȤσ$Ȥ$)#Ȥ2ÅÐÏÒÔȤ,"σȢÐÄÆ 
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1.  DESCRIPTION OF SPECIMENS  

4ÈÅ ÍÁÉÎ ÇÏÁÌ ÏÆ ÔÈÉÓ ÒÅÐÏÒÔ ÉÓ ÔÏ ÄÅÓÃÒÉÂÅ ÔÈÅ ÅØÐÅÒÉÍÅÎÔÓ ÏÆ ÓÐÅÃÉÍÅÎÓ ,"ρ ÁÎÄ ,"σ ÆÒÏÍ 
!ÍÓÔÅÒÄÁÍ "ÒÉÄÇÅ χπȢ &ÏÒ ,"ρ ÔÈÅ ÔÅÓÔ ÔÏÏË ÐÌÁÃÅ ÏÎ *ÁÎÕÁÒÙ ςφÔÈ ÁÎÄ ÆÏÒ ,"σ  ÏÎ -ÁÒÃÈ τÔÈ ÁÎÄ 
ÒÅÌÏÁÄÉÎÇ ÏÎ -ÁÒÃÈ ψÔÈȢ 4ÅÓÔÉÎÇ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎÓ ÔÏÏË ÐÌÁÃÅ ÉÎ ÔÈÅ 3ÔÅÖÉÎ ,ÁÂ ÁÔ 45 $ÅÌÆÔȢ 4ÈÅ 
ÓÐÅÃÉÍÅÎ ,"ς ÉÓ ÎÏÔ ÉÎÃÌÕÄÅÄ ÉÎ ÔÈÉÓ ÒÅÐÏÒÔ ÁÓ ÉÔ ×ÁÓ ÔÅÓÔÅÄ ÂÙ 4./Ȣ -ÁÔÅÒÉÁÌ ÔÅÓÔÓ ×ÅÒÅ ÁÌÓÏ 
ÐÅÒÆÏÒÍÅÄ ÂÙ 4./ ÔÏ ÃÈÁÒÁÃÔÅÒÉÓÅ ÔÈÅ ÍÁÔÅÒÉÁÌ ÐÁÒÁÍÅÔÅÒÓȢ ɉ"ÒÏÎÇÅÒÓȟ ςπςρɊ ɉ2ÁÓËÅÒȟ ςπςπɊ 
 
4ÈÅ ÓÐÅÃÉÍÅÎÓ ×ÅÒÅ ÐÁÒÔ ÏÆ Á ÂÒÉÄÇÅ ×ÉÔÈ ÍÕÌÔÉÐÌÅ ÓÉÍÐÌÅ ÓÕÐÐÏÒÔÅÄ ÓÐÁÎÓ ÉÎ !ÍÓÔÅÒÄÁÍȢ 4ÈÅ 
ÓÐÅÃÉÍÅÎÓ ×ÅÒÅ ÃÕÔ ÉÎÔÏ ÐÉÅÃÅÓ ÏÆ ÁÒÏÕÎÄ ςπππ ÍÍ ×ÉÄÔÈȢ 4ÈÅ ÐÕÒÐÏÓÅ ÏÆ ÔÅÓÔÉÎÇ ÉÓ ÔÏ ПÉÎÄ ÔÈÅ 
ÌÏÁÄ ÂÅÁÒÉÎÇ ÃÁÐÁÃÉÔÙ ÁÎÄ ÔÈÅ ÆÁÉÌÕÒÅ ÍÅÃÈÁÎÉÓÍÓ ÏÆ ÔÈÅ ÅÌÅÍÅÎÔÓȢ "ÏÔÈ ÓÐÅÃÉÍÅÎÓ ÁÒÅ ÃÏÎÃÒÅÔÅȤ
ÓÔÅÅÌ ÃÏÍÐÏÓÉÔÅ ÓÅÃÔÉÏÎÓ ×ÉÔÈÏÕÔ ÍÅÃÈÁÎÉÃÁÌ ÃÏÎÎÅÃÔÏÒÓ ÂÅÔ×ÅÅÎ ÓÔÅÅÌ ÁÎÄ ÃÏÎÃÒÅÔÅȢ 4ÈÅÒÅÆÏÒÅȟ 
ÓÐÅÃÉÁÌ ÅÍÐÈÁÓÉÓ ×ÁÓ ÍÁÄÅ ÔÏ ÔÒÁÃË ÔÈÅ ÉÎÔÅÒÆÁÃÅ ÂÅÈÁÖÉÏÕÒȢ 
 
$ÉÍÅÎÓÉÏÎÓ ÏÆ ,"ρ ÁÒÅ ÓÈÏ×Î ÏÎ &ÉÇȢ ρȢρ ÁÎÄ &ÉÇȢρȢςȢ ,"ρ ÈÁÓ Á ÌÅÎÇÔÈ ÂÅÔ×ÅÅÎ ÓÕÐÐÏÒÔÓ ÏÆ υωππ 
ÍÍȢ &ÕÒÔÈÅÒÍÏÒÅȟ ÔÈÅ ÔÅÓÔÅÄ ÃÒÏÓÓȤÓÅÃÔÉÏÎ ÃÏÎÓÉÓÔÓ ÏÆ ÔÈÒÅÅ )ȤÂÅÁÍÓȟ ÔÈÅ Ô×Ï ÏÕÔÅÒ ÂÅÁÍÓ ɉÂÅÁÍÓ 
ρ ÁÎÄ σɊ ÈÁÖÅ Á ÈÅÉÇÈÔ ÁÎÄ ПÌÁÎÇÅ ×ÉÄÔÈ ÁÔ ςψπ ÍÍ ÁÎÄ ПÌÁÎÇÅ ÔÈÉÃËÎÅÓÓ ÁÔ ρψ ÍÍȢ 4ÈÅ ÍÉÄÄÌÅ 
ÂÅÁÍȟ ÂÅÁÍ ςȟ ÈÁÓ Á ÈÅÉÇÈÔ ÁÎÄ ПÌÁÎÇÅ ×ÉÄÔÈ ÁÔ ςφπ ÍÍ ÁÎÄ ПÌÁÎÇÅ ÔÈÉÃËÎÅÓÓ ÁÔ ρχȢυ ÍÍȢ !Ô ÔÈÅ 
ÅÎÄ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎ ÉÔÓ ÃÒÏÓÓ ÓÅÃÔÉÏÎ ÉÓ ÓÑÕÁÒÅÄȟ ×ÈÅÒÅÁÓ ÆÏÒ ÔÈÅ ÃÒÏÓÓ ÓÅÃÔÉÏÎ ÂÅÔ×ÅÅÎ ÓÕÐÐÏÒÔÓ 
ÔÈÅÒÅȭÓ Á ÔÒÁÐÅÚÏÉÄ ÓÈÁÐÅÄ ÇÁÐ ÂÅÔ×ÅÅÎ ÔÈÅ ÂÅÁÍÓ ×ÉÔÈ ÈÅÉÇÈÔ ρσπ ÍÍ ÁÎÄ ×ÉÄÔÈ ρςυ ÍÍ ÁÔ ÔÈÅ 
ÔÏÐ ÁÎÄ σσπ ÍÍ ÁÔ ÔÈÅ ÂÏÔÔÏÍȢ 4ÈÅ ÇÁÐ ÃÏÎÔÉÎÕÅÓ ÁÔ ÔÈÅ ÏÕÔÓÉÄÅ ÏÆ ÔÈÅ ÏÕÔÅÒ ÂÅÁÍÓ ÁÓ ÓÈÏ×Î ÏÎ 
&ÉÇȢρȢςȢ )Î ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÔÈÅ ÓÔÅÅÌ ÂÅÁÍÓ ÁÒÅ ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ ÂÅÁÍ ρȟ ÂÅÁÍ ς ÁÎÄ ÂÅÁÍ σȟ ÁÓ ÓÈÏ×Î 
ÏÎ &ÉÇȢ ρȢρ ÁÎÄ &ÉÇȢρȢσȢ 

  
Fig. 1.1. LB1 - Bottom view. Dimensions of LB1 and position of beam 1, beam 2 and beam 3. 

  

 
Fig.1.2. LB1 - East view and Section A-A. 

 
4ÈÅ ÄÉÍÅÎÓÉÏÎÓ ÏÆ ,"σ ÁÒÅ ÓÈÏ×Î ÁÔ &ÉÇȢρȢσ ÁÎÄ &ÉÇȢρȢτȢ ,"σ ÈÁÓ Á ÌÅÎÇÔÈ ÏÆ χφφυ ÍÍ ÂÅÔ×ÅÅÎ 
ÓÕÐÐÏÒÔÓȢ ,ÉËÅ ,"ρȟ ,"σ ÈÁÓ ÔÈÒÅÅ )ȤÂÅÁÍÓ ×ÈÅÒÅÁÓ ÔÈÅ ÏÕÔÅÒ ÂÅÁÍÓ ÈÁÖÅ ÄÉÆÆÅÒÅÎÔ ÄÉÍÅÎÓÉÏÎÓ 
ÔÈÁÎ ÔÈÅ ÍÉÄÄÌÅ ÂÅÁÍȢ 4ÈÅ ÏÕÔÅÒ ÂÅÁÍÓ ÈÁÖÅ Á ÈÅÉÇÈÔ ÏÆ στπ ÍÍ ÁÎÄ Á ПÌÁÎÇÅ ×ÉÄÔÈ ÏÆ σππ ÍÍȢ 
&ÕÒÔÈÅÒÍÏÒÅȟ ÔÈÅ ПÌÁÎÇÅ ÔÈÉÃËÎÅÓÓ ÉÓ ςρȟυ ÍÍ ÁÎÄ ÔÈÅ ×ÅÂ ÔÈÉÃËÎÅÓÓ ÉÓ ρς ÍÍȢ 4ÈÅ ÍÉÄÄÌÅ ÂÅÁÍ 
ÈÁÓ Á ÈÅÉÇÈÔ ÁÎÄ ПÌÁÎÇÅ ÏÆ ×ÉÄÔÈ ÏÆ σππ ÍÍȢ )Î ÁÄÄÉÔÉÏÎȟ ÔÈÅ ПÌÁÎÇÅ ÔÈÉÃËÎÅÓÓ ÉÓ ρω ÍÍȟ ÁÎÄ ÔÈÅ 
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×ÅÂ ÔÈÉÃËÎÅÓÓ ÉÓ ρρ ÍÍȢ "ÅÔ×ÅÅÎ ÔÈÅ ÂÅÁÍÓ ÔÈÅÒÅ ÉÓ Á ÔÒÁÐÅÚÏÉÄÁÌ ÓÈÁÐÅÄ ÇÁÐ ×ÉÔÈ ÈÅÉÇÈÔ ρωπ 
ÍÍ ÁÎÄ ÔÏÐ ÁÎÄ ÂÏÔÔÏÍ ×ÉÄÔÈ ÒÅÓÐÅÃÔÉÖÅÌÙ ψπ ÍÍ ÁÎÄ σππ ÍÍȟ 4ÈÅ ÇÁÐ ÃÏÎÔÉÎÕÅÓ ÔÈÅ ÏÕÔÓÉÄÅ ÏÆ 
ÔÈÅ ÏÕÔÅÒ ÂÅÁÍÓȟ ÁÓ ÓÈÏ×Î ÏÎ &ÉÇȢρȢτȢ 

  
Fig.1.3. LB3 - Bottom view. Dimensions of LB3 and position of beam 1, beam 2 and beam 3.  

 
Fig.1.4. LB3 - East view and Section A-A. 

 
)Î ÔÈÅ ÌÁÂȟ ÔÈÅ ÓÐÅÃÉÍÅÎÓ ×ÅÒÅ ÓÉÍÐÌÙ ÓÕÐÐÏÒÔÅÄ ÔÏ ÒÅÐÒÏÄÕÃÅ ÔÈÅ ÒÅÁÌ ÃÏÎÄÉÔÉÏÎÓ ÏÆ ÔÈÅ ÓÔÒÕÃÔÕÒÅȢ 
4ÈÅ ÓÕÐÐÏÒÔÓ ÁÔ ÂÏÔÈ ÓÉÄÅÓ ×ÅÒÅ ÐÌÁÃÅÄ ÕÎÄÅÒÎÅÁÔÈ ÔÈÅ ÓÔÅÅÌ ÂÅÁÍÓȟ ÁÓ ÃÁÎ ÂÅ ÓÅÅÎ ÆÒÏÍ &ÉÇȢρȢυȢ 
"ÏÔÈ ÓÕÐÐÏÒÔÓ ×ÅÒÅ ÂÕÉÌÔ ÁÓÓÕÒÉÎÇ ÒÏÔÁÔÉÏÎÁÌ ÆÒÅÅÄÏÍȢ ! ÄÅÔÁÉÌ ÏÆ ÔÈÅ ÓÕÐÐÏÒÔ ÆÏÒ ÔÈÅ ÓÐÅÃÉÍÅÎÓ ÉÓ 
ÓÈÏ×Î ÁÔ &ÉÇȢρȢυȟ &ÉÇȢρȢφ ÁÎÄ &ÉÇȢρȢχȢ   
 

 
Fig.1.5. LB1. East side view. 
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Fig.1.6. LB1. West side support below beam 3. 

 

 
Fig.1.7. LB1. Detail of the supports. 
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2.  METHODS 

2.1.  TEST SETUP 

4ÈÅ ÔÅÓÔ ÓÅÔÕÐ ÆÏÒ ,"ρ ÁÎÄ ,"σ ×ÅÒÅ ÄÅÓÉÇÎÅÄ ÔÏ ÂÅ ÁÓ ÓÉÍÉÌÁÒ ÁÓ ÐÏÓÓÉÂÌÅȢ /ÎÌÙ ÔÈÅ ÄÉÓÔÁÎÃÅ 
ÂÅÔ×ÅÅÎ ÔÈÅ ÓÅÎÓÏÒÓ ÆÏÒ ,"ρ ÁÎÄ ,"σ ÖÁÒÉÅÄ ÂÅÃÁÕÓÅ ÔÈÅ ÄÉÆÆÅÒÅÎÔ ÌÅÎÇÔÈ ÏÆ ÔÈÅ Ô×Ï ÓÐÅÃÉÍÅÎÓȢ 

2.1.1.  Loading 

4ÈÅ ÓÐÅÃÉÍÅÎÓ ×ÅÒÅ ÔÅÓÔÅÄ ÆÏÌÌÏ×ÉÎÇ Á ÆÏÕÒȤÐÏÉÎÔ ÂÅÎÄÉÎÇ ÓÃÈÅÍÅȢ 4×Ï ÈÙÄÒÁÕÌÉÃ ÊÁÃËÓ 
ÔÒÁÎÓÆÅÒÒÅÄ ÔÈÅ ÌÏÁÄÓ ÔÏ ÓÐÒÅÁÄÅÒ )ȤÂÅÁÍÓ ×ÈÉÃÈ ÅÁÃÈ ÏÎÅ ×ÁÓ ÓÕÐÐÏÒÔÅÄ ÂÙ Ô×Ï ÌÏÁÄÉÎÇ ÐÌÁÔÅÓȢ 
4ÈÅ ÄÉÓÔÁÎÃÅ ÂÅÔ×ÅÅÎ ÔÈÅ ÈÙÄÒÁÕÌÉÃ ÊÁÃËÓ ÉÓ ρςππ ÍÍ ÉÎ ÔÈÅ ÌÏÎÇÉÔÕÄÉÎÁÌ ÄÉÒÅÃÔÉÏÎ ÁÎÄ ×ÅÒÅ ÐÌÁÃÅ 
ÓÙÍÍÅÔÒÉÃÁÌÌÙ ÆÒÏÍ ÔÈÅ ÓÕÐÐÏÒÔÓȢ 4ÈÅ ÄÉÓÔÁÎÃÅ ÂÅÔ×ÅÅÎ ÔÈÅ ÌÏÁÄÉÎÇ ÐÌÁÔÅÓ ÏÎ ÔÈÅ ÔÒÁÎÓÖÅÒÓÅ 
ÄÉÒÅÃÔÉÏÎ ×ÁÓ φππ ÍÍ ÃÅÎÔÅÒ ÔÏ ÃÅÎÔÅÒȢ &ÕÒÔÈÅÒÍÏÒÅȟ ÔÈÅ ÌÏÁÄÉÎÇ ÐÌÁÔÅÓ ÈÁÖÅ Á ÃÏÎÔÁÃÔ ÄÉÍÅÎÓÉÏÎ 
ÏÆ ςσπØςσπ ÍÍȢ 4ÈÅ ÐÏÓÉÔÉÏÎ ÏÆ ÔÈÅ ÈÙÄÒÁÕÌÉÃ ÊÁÃËÓ ÁÎÄ ÌÏÁÄÉÎÇ ÐÌÁÔÅÓȟ ÉÓ ÓÈÏ×Î ÆÏÒ ÅÁÃÈ ÓÐÅÃÉÍÅÎ 
ÁÔ &ÉÇȢςȢρ ÔÏ &ÉÇȢςȢτȢ  

 

 
Fig.2.1. LB1 - North side view. Position of jack F1 and F2. 

 

 
Fig.2.2. LB3 - North side view. Position of jack F1 and F2. 
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Fig.2.3. LB1 - Top view. Position loading plates. 

 

 
Fig.2.4. LB3 - Top view. Position loading plates. 

 
)Î ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ×ÈÅÎ ÒÅÆÅÒÒÉÎÇ ÔÏ ÔÈÅ ÈÙÄÒÁÕÌÉÃ ÊÁÃËÓ ÔÈÅ ÎÁÍÅÓ &ρ ÁÎÄ &ς ÁÒÅ ÕÓÅÄȟ ÁÓ ÓÈÏ×Î ÉÎ 
&ÉÇȢςȢρ ÁÎÄ &ÉÇȢςȢςȢ 4ÈÅ ÓÐÅÃÉÍÅÎÓ ×ÅÒÅ ÌÏÁÄÅÄ ÕÓÉÎÇ ÄÉÓÐÌÁÃÅÍÅÎÔ ÃÏÎÔÒÏÌ ÁÔ Á ÒÁÔÅ ÏÆ 
πȢπρÍÍȾÓÅÃȢ $ÉÓÐÌÁÃÅÍÅÎÔ ÃÏÎÔÒÏÌ ×ÁÓ ÕÓÅÄ ÏÎ ÊÁÃË &ςȟ ×ÈÅÒÅÁÓ ÊÁÃË &ρ ×ÁÓ ÓÅÔ ÔÏ ÌÏÁÄ ÃÏÎÔÒÏÌ 
ÆÏÌÌÏ×ÉÎÇ ÔÈÅ ÌÏÁÄÉÎÇ ÏÆ ÊÁÃË &ςȢ %ÁÃÈ ÈÙÄÒÁÕÌÉÃ ÊÁÃË ÈÁÓ Á ÒÁÎÇÅ ÏÆ ρφππ Ë. ÁÎÄ Á ÓÅÎÓÉÔÉÖÉÔÙ ÏÆ ρ 
Ë.Ȣ 4ÈÅ ÌÏÁÄ ÈÉÓÔÏÒÙ ÆÏÒ ÔÅÓÔÉÎÇ ÏÆ ,"ρ ÁÒÅ ÓÈÏ×Î ÉÎ 4ÁÂÌÅ ρ ÁÎÄ &ÉÇȢςȢυȢ 

 
Table 1. LB1 - Load history. Hold steps 

$ÉÓÐÌÁÃÅÍÅÎÔ ÒÁÔÅ πȢπρ ÍÍȾÓÅÃ 
ρ ÊÁÃË ÌÏÁÄ ɍ+.Ɏ 4ÏÔÁÌ ÌÏÁÄ ɍ+.Ɏ 

ςυ υπ 
χυ ρυπ 
ρςυ ςυπ 
ρχυ συπ 
ςςυ τυπ 
σςυ φυπ 
τςυ ψυπ 
υςυ ρπυπ 
φςυ ρςυπ 
χππ ρτππ 
χυπ ρυππ 
χωπ ρυψπ 
ψππ ρφππ 
ψυπ ρχππ 
ςυ υπ 
ψυπ ρχππ 
ψχς ρχττ 
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Fig.2.5. LB1. Load history 

 
4ÈÅ ÌÏÁÄ ÈÉÓÔÏÒÙ ÆÏÒ ÓÐÅÃÉÍÅÎ ,"σ ÉÓ ÓÈÏ×Î ÁÔ 4ÁÂÌÅ ς ÁÎÄ &ÉÇȢςȢφȢ 4ÈÅ ÔÅÓÔÉÎÇ ÏÆ ,"σ ×ÁÓ ÓÔÏÐÐÅÄ 
ÂÅÃÁÕÓÅ ÔÈÅ ÍÁØÉÍÕÍ ÄÉÓÐÌÁÃÅÍÅÎÔ ÒÁÎÇÅ ÏÆ ÏÎÅ ÏÆ ÔÈÅ ÊÁÃËÓ ×ÁÓ ÁÃÈÉÅÖÅÄȢ !ÆÔÅÒ ÕÎÌÏÁÄÉÎÇȟ 
ÐÌÁÔÅÓ ×ÅÒÅ ÁÄÄÅÄ ÔÏ ×ÅÒÅ ÁÄÄÅÄ ÔÏ ÉÎÃÒÅÁÓÅ ÔÈÅ ÄÉÓÐÌÁÃÅÍÅÎÔ ÒÁÎÇÅȢ $ÕÒÉÎÇ ÔÈÅ ÒÅÌÏÁÄÉÎÇ ÐÈÁÓÅ 
ÔÈÅ ÄÉÓÐÌÁÃÅÍÅÎÔ ÒÁÔÅ ×ÁÓ πȢπσ ÍÍȾÓÅÃȢ 

 
Table 2. LB3 - Load history. Hold steps.  

$ÉÓÐÌÁÃÅÍÅÎÔ ÒÁÔÅ πȢπρ ÍÍȾÓÅÃ 
ρ ÊÁÃË ÌÏÁÄ ɍË.Ɏ 4ÏÔÁÌ ÌÏÁÄ ɍË.Ɏ 

ςυ υπ 
χυ ρυπ 
ρςυ ςυπ 
ρχυ συπ 
ςςυ τυπ 
σςυ φυπ 
τςυ ψυπ 
τχυ ωυπ 
υςυ ρπυπ 
υχυ ρρυπ 
φππ ρςππ 
φςυ ρςυπ 
φυπ ρσππ 
φχυ ρσυπ 
χππ ρτππ 
χςυ ρτυπ 
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Fig.2.6. LB3. Load history. After 11000 seconds the test was stopped because the maximum 
displacement range was achieved. The specimen was unloaded to 0 kN and reloaded again. 

2.2.  SENSOR DESCRIPTION 

2.2.1.  Load cells 

!Ô ÂÏÔÈ ÅÎÄÓ ÏÆ ÔÈÅ ÂÒÉÄÇÅ ÄÅÃË ÔÈÒÅÅ ÌÏÁÄ ÃÅÌÌÓ ×ÅÒÅ ÉÎÓÔÁÌÌÅÄ ÔÏ ÍÏÎÉÔÏÒ ÔÈÅ ÒÅÁÃÔÉÏÎ ÆÏÒÃÅÓȢ %ÁÃÈ 
ÌÏÁÄ ÃÅÌÌ ÈÁÓ Á ÒÁÎÇÅ ÏÆ ρπππ Ë.Ȣ 4ÈÅ ÐÏÓÉÔÉÏÎ ÏÆ ÔÈÅ ÌÏÁÄ ÃÅÌÌÓ ÉÓ ÓÈÏ×Î ÏÎ &ÉÇȢςȢχ ÁÎÄ Á ÐÉÃÔÕÒÅ ÏÆ 
,"ρ ×ÉÔÈ ÔÈÅ ÌÏÁÄ ÃÅÌÌÓ ÃÁÎ ÂÅ ÓÅÅÎ ÆÒÏÍ &ÉÇȢςȢψȢ )Î ÁÄÄÉÔÉÏÎȟ ÏÎÅ ÌÏÁÄ ÃÅÌÌ ×ÁÓ ÕÓÅÄ ÆÏÒ ÅÁÃÈ 
ÈÙÄÒÁÕÌÉÃ ÊÁÃËȟ ÔÏ ÍÏÎÉÔÏÒ ÔÈÅ ÁÐÐÌÉÅÄ ÌÏÁÄÓȢ 

 
Fig.2.7 Bottom view load cells position. 
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Fig.2.8. LB1 ï Load Cells East view of the specimen. 

2.2.2.  Lasers 

,ÁÓÅÒÓ ×ÅÒÅ ÕÓÅÄ ÔÏ ÍÅÁÓÕÒÅ ÔÈÅ ÔÏÔÁÌ ÖÅÒÔÉÃÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎ ÁÔ ÄÉÆÆÅÒÅÎÔ ÐÏÓÉÔÉÏÎÓȢ 
4ÈÅ ÌÁÓÅÒÓ ×ÅÒÅ ÁÔÔÁÃÈÅÄ ÔÏ Á ÓÔÅÅÌ ÆÒÁÍÅ ÐÌÁÃÅÄ ÂÅÎÅÁÔÈ ÔÈÅ ÓÐÅÃÉÍÅÎȠ ÔÈÅ ÐÏÓÉÔÉÏÎ ÏÆ ÔÈÅ ÌÁÓÅÒÓ 
ÉÓ ÓÈÏ×Î ÁÔ &ÉÇȢςȢω ÁÎÄ &ÉÇȢςȢρπȢ 4ÈÅ ÌÁÓÅÒÓ ×ÅÒÅ ÐÏÉÎÔÉÎÇ ÕÐ×ÁÒÄÓ ÁÔ ÔÈÅ ÂÏÔÔÏÍ ÏÆ ÔÈÅ ÓÔÅÅÌ 
ÂÅÁÍÓ ÉÎ ÔÈÅ ÓÐÅÃÉÍÅÎȟ ÁÓ ÓÈÏ×Î ÏÎ ПÉÇÕÒÅ ςȢρτȢ %ÖÅÒÙ ÌÁÓÅÒ ÈÁÓ Á ÒÁÎÇÅ ÏÆ υπ ÍÍ ÁÎÄ Á ÓÅÎÓÉÔÉÖÉÔÙ 
ÏÆ πȢρ ÍÍȢ  

 
Fig.2.9. LB1 - Bottom view. Position of the lasers. 

 
Fig.2.10. LB3 - Bottom view. Position of the lasers. 
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Fig.2.11. Laser measuring vertical displacement from bottom of a steel beam. 

2.2.3.  LVDTs 

4ÈÅ ÐÕÒÐÏÓÅ ÏÆ ÔÈÅ ,6$4Ó ρȤτ ×ÁÓ ÔÏ ÔÒÁÃË ÔÈÅ ÂÅÈÁÖÉÏÒ ÏÆ ÔÈÅ ÉÎÔÅÒÆÁÃÅ ÂÅÔ×ÅÅÎ ÔÈÅ ÂÏÔÔÏÍ ÓÔÅÅÌ 
ПÌÁÎÇÅ ÔÈÅ ÁÄÊÁÃÅÎÔ ÃÏÎÃÒÅÔÅȢ 4ÈÉÓ ×ÁÓ ÄÏÎÅ ÂÙ ÍÅÁÓÕÒÉÎÇ ÔÈÅ ÌÏÎÇÉÔÕÄÉÎÁÌ  ÒÅÌÁÔÉÖÅ ÄÉÓÐÌÁÃÅÍÅÎÔ 
ÂÅÔ×ÅÅÎ ÓÔÅÅÌ ÁÎÄ ÃÏÎÃÒÅÔÅ ÁÔ ÄÉÆÆÅÒÅÎÔ ÌÏÃÁÔÉÏÎ ÁÌÏÎÇ ÔÈÅ ÓÐÅÃÉÍÅÎȢ  ,6$4 ρȤτ ×ÅÒÅ ÐÌÁÃÅÄ ÁÔ ÔÈÅ 
ÃÅÎÔÒÁÌ ÓÔÅÅÌ ÂÅÁÍ ɉÂÅÁÍ ςɊȢ 3ÅÅ &ÉÇȢςȢρς ÁÎÄ &ÉÇȢςȢρσȢ 
 
,6$4 υȤρπ ÍÅÁÓÕÒÅÄ ÔÈÅ ÒÅÌÁÔÉÖÅ ÔÒÁÎÓÖÅÒÓÅ ÄÉÓÐÌÁÃÅÍÅÎÔ ÂÅÔ×ÅÅÎ ÔÈÅ ÂÏÔÔÏÍ ПÌÁÎÇÅ ÏÆ ÔÈÅ 
ÂÅÁÍÓȢ 4ÈÅ ÏÄÄ ÎÕÍÂÅÒÅÄ ,6$4Ó ÏÆ ,6$4 υȤρπȟ ÍÅÁÓÕÒÅÄ ÔÈÅ ÔÒÁÎÓÖÅÒÓÅ ÄÉÓÐÌÁÃÅÍÅÎÔ ÂÅÔ×ÅÅÎ 
ÂÅÁÍ ρ ÁÎÄ ÂÅÁÍ ςȢ 4ÈÅ ÅÖÅÎ ÎÕÍÂÅÒÅÄ ,6$4 ÍÅÁÓÕÒÅÄ ÔÈÅ ÔÒÁÎÓÖÅÒÓÅ ÄÉÓÐÌÁÃÅÍÅÎÔ ÂÅÔ×ÅÅÎ 
ÂÅÁÍ ς ÁÎÄ ÂÅÁÍ σȢ  
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,6$4Ó ρρ ÔÏ ρτ ×ÅÒÅ ÁÌÓÏ ÕÓÅÄ ÔÏ ÔÒÁÃË ÔÈÅ ÉÎÔÅÒÆÁÃÅ ÂÅÈÁÖÉÏÒ ÂÙ ÍÅÁÓÕÒÉÎÇ ÔÈÅ ÒÅÌÁÔÉÖÅ 
ÌÏÎÇÉÔÕÄÉÎÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ÂÅÔ×ÅÅÎ ÓÔÅÅÌ ÁÎÄ ÃÏÎÃÒÅÔÅ ÁÔ ÔÈÅ ÅÎÄ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎÓȢ  ,6$4Ó ρρ ÁÎÄ 
ρσ ÍÅÁÓÕÒÅÄ ÔÈÅ ÒÅÌÁÔÉÖÅ ÌÏÎÇÉÔÕÄÉÎÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ÂÅÔ×ÅÅÎ ÔÈÅ ÂÏÔÔÏÍ ÓÔÅÅÌ ПÌÁÎÇÅ ÁÎÄ ÔÈÅ 
ÁÄÊÁÃÅÎÔ ÃÏÎÃÒÅÔÅ ÆÏÒ ÂÅÁÍÓ ς ÁÎÄ ρȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ ,6$ÔÓ ρς ÁÎÄ ρτ ÍÅÁÓÕÒÅ ÔÈÅ ÒÅÌÁÔÉÖÅ 
ÌÏÎÇÉÔÕÄÉÎÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ÂÅÔ×ÅÅÎ ÔÈÅ ÔÏÐ ÓÔÅÅÌ ПÌÁÎÇÅ ÁÎÄ ÔÈÅ ÁÄÊÁÃÅÎÔ ÃÏÎÃÒÅÔÅ ÆÏÒ ÂÅÁÍÓ ς ÁÎÄ 
ρȟ ÒÅÓÐÅÃÔÉÖÅÌÙȢ ,6$4Ó ρρ ÔÏ ρτ ×ÅÒÅ ÐÌÁÃÅÄ ÏÎ ÔÈÅ ÅÁÓÔ ÅÎÄ ÏÆ ÓÐÅÃÉÍÅÎ ,"ρȟ ÁÎÄ ÏÎ ÔÈÅ ×ÅÓÔ ÅÎÄ 
ÆÏÒ ,"σȢ 4ÈÅ ,6$4Ó ×ÅÒÅ ÐÏÓÉÔÉÏÎÅÄ ÁÓ ÓÈÏ×Î ÁÔ &ÉÇȢςȢρςȤ&ÉÇȢςȢρφȢ 
 
,6$4Ó ρÔÏ ρπ ÈÁÖÅ Á ÒÁÎÇÅ ÏÆ ρπ ÍÍ ÁÎÄ Á ÓÅÎÓÉÔÉÖÉÔÙ ÏÆ πȢππρ ÍÍȢ ,6$4 ρρȤρτ ÈÁÖÅ Á ÒÁÎÇÅ ÏÆ ς 
ÍÍ ÁÎÄ Á ÓÅÎÓÉÔÉÖÉÔÙ ÏÆ πȢπππυ ÍÍȢ ,6$4 ρυȟ ×ÁÓ ÕÓÅÄ ÆÏÒ ÒÅÐÌÁÃÉÎÇ Á ÄÁÍÁÇÅÄ ÏÐÔÉÃ ПÉÂÅÒ ÓÅÎÓÏÒȟ 
&/Ȥ3ςȤχ ÆÏÒ ,"ρ ÁÎÄ &/Ȥ#ρȤχ ÆÏÒ ,"σȢ ,6$4 ρυ ÈÁÓ Á ÒÁÎÇÅ ÏÆ ς ÍÍȟ Á ÓÅÎÓÉÔÉÖÉÔÙ ÏÆ πȢπππυ ÍÍ 
ÁÎÄ Á ÂÁÓÅ ÌÅÎÇÔÈ ÏÆ ςππ ÍÍȢ 

 
Fig.2.12. LB1 - Bottom view. Position of LVDT 1-15. LVDT 15 position at the west end of beam 2 to 
replace FO-S2-7. 

 
Fig.2.13. LB3 - Bottom view. Position of LVDT 1-14.  

 

     
Fig. 2.14. LB3 - Top view. Position of LVDT 15. 
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Fig.2.15. LB1 - North side view. Position of LVDT 1-4 and LVDT 11-14. 

 
Fig.2.16. LB3 - North side view. Position of LVDT 1- 4 and LVDT 11-15. 

 
4ÈÅ ,6$4Ó ÍÅÁÓÕÒÉÎÇ ÔÈÅ ÒÅÌÁÔÉÖÅ ÔÒÁÎÓÖÅÒÓÅ ÄÉÓÐÌÁÃÅÍÅÎÔÓ ÂÅÔ×ÅÅÎ ÔÈÅ ÃÅÎÔÒÁÌ ÁÎÄ ÏÕÔÅÒ ÓÔÅÅÌ 
ÂÅÁÍÓ ×ÅÒÅ ÇÌÕÅÄ ÏÎ ÔÈÅ ÂÏÔÔÏÍ ПÌÁÎÇÅ ÏÆ ÔÈÅ ÓÔÅÅÌ ÂÅÁÍÓȢ 4ÈÅ ÓÅÔÕÐ ÏÆ ÔÈÅ ,6$4Ó ÍÅÁÓÕÒÉÎÇ 
ÒÅÌÁÔÉÖÅ ÔÒÁÎÓÖÅÒÓÅ ÄÉÓÐÌÁÃÅÍÅÎÔÓ ÉÓ ÓÈÏ×Î ÁÔ &ÉÇȢςȢρχ ÁÎÄ &ÉÇȢςȢρψȢ 
 

 
Fig.2.17. LVDT 5-10 measuring relative transverse displacement between the beams. 

 
Fig.2.18. Section A-A. Position of LVDT 5-10.  
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,6$4Ó ρȤτ ÕÓÅÄ ÆÏÒ ÍÅÁÓÕÒÉÎÇ ÔÈÅ ÒÅÌÁÔÉÖÅ ÌÏÎÇÉÔÕÄÉÎÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ÂÅÔ×ÅÅÎ ÔÈÅ ÂÏÔÔÏÍ ПÌÁÎÇÅ 
ÏÆ ÔÈÅ ÓÔÅÅÌ ÂÅÁÍ ÁÎÄ ÔÈÅ ÁÄÊÁÃÅÎÔ ÃÏÎÃÒÅÔÅȟ ×ÅÒÅ ÉÎÓÔÁÌÌÅÄ  ÁÓ ÓÈÏ×Î ÏÎ &ÉÇȢςȢρωȢ 
 

 
Fig.2.19. Installation of LVDTs 1-4 measuring relative longitudinal displacement. 

 
4ÈÅ ,6$4Ó ρρ ÔÏ ρτ ÁÔ ÔÈÅ ÅÎÄÓȢ ×ÅÒÅ ÉÎÓÔÁÌÌÅÄ ÂÙ ПÉØÉÎÇ ÉÔ ÔÏ ÔÈÅ ÃÏÎÃÒÅÔÅ ×ÈÉÌÅ ÔÈÅ ÓÅÎÓÏÒ 
ÍÅÁÓÕÒÅÓ ÔÈÅ ÄÉÓÐÌÁÃÅÍÅÎÔ ÏÆÔÈÅ ÓÔÅÅÌ ÂÅÁÍȢ 4ÈÅ ÐÏÓÉÔÉÏÎ ÏÆ ÔÈÅ ,6$4Ó ÉÓ ÓÈÏ×Î ÁÔ &ÉÇȢςȢςπ 
&ÉÇȢςȢςςȢ )Î ,"ρȟ ÔÈÅ ÃÏÎÃÒÅÔÅ ÃÏÖÅÒÉÎÇ ÔÈÅ ÃÅÎÔÒÁÌ ÓÔÅÅÌ ÂÅÁÍ ɉÂÅÁÍ ςɊ ÁÔ ÔÈÅ ÅÎÄ ×ÁÓ ÒÅÍÏÖÅÄ ÓÏ 
ÉÔ ×ÁÓ ÐÏÓÓÉÂÌÅ ÔÏ ÐÅÒÆÏÒÍ ÔÈÅ ÍÅÁÓÕÒÅÍÅÎÔȢ  
 

 
Fig.2.20. LVDTs 11-14 measuring relative longitudinal displacement at the end of LB1. 
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Fig.2.21. LB1 - East view. Position of LVDT 11-14. 

 

 
Fig.2.22. LB3 - West view. Position of LVDT 11-14. 

2.2.4.  Optic-fibers 

/ÐÔÉÃ ПÉÂÅÒÓ ×ÅÒÅ ÕÓÅÄ ÔÏ ÍÅÁÓÕÒÅ ÓÔÒÁÉÎÓ ÂÏÔÈ ÉÎ ÃÏÎÃÒÅÔÅ ÁÎÄ ÓÔÅÅÌȢ 4ÈÅ ÏÐÔÉÃ ПÉÂÅÒÓ ÕÓÅÄ ÁÒÅ 
ÑÕÁÓÉ ÄÉÓÔÒÉÂÕÔÅÄ ÓÔÒÁÉÎ ÓÅÎÓÏÒÓ ÔÈÁÔ ÍÅÁÓÕÒÅ ÄÅÆÏÒÍÁÔÉÏÎÓ ÏÖÅÒ Á ÂÁÓÅ ÌÅÎÇÔÈ ÄÉÓÔÁÎÃÅ ÏÆ ςππÍÍ 
×ÈÉÃÈ ÉÓ ÕÓÅÄ ÔÏ ÃÏÎÖÅÒÔ ÄÅÆÏÒÍÁÔÉÏÎÓ ÉÎÔÏ ÓÔÒÁÉÎÓȟ ÓÅÅ %ÒÒÏÒȦ 2ÅÆÅÒÅÎÃÅ ÓÏÕÒÃÅ ÎÏÔ ÆÏÕÎÄȢȢ 4ÈÅ Ï
ÐÔÉÃ ПÉÂÅÒÓ ÈÁÖÅ Á ÒÁÎÇÅ ÏÆ ςυππ‘‐ ÁÎÄ Á ÓÅÎÓÉÔÉÖÉÔÙ ÏÆ ρȢς‘‐Ȣ  
 
)Î ÐÁÒÔÉÃÕÌÁÒȟ ÏÐÔÉÃ ПÉÂÅÒÓ ×ÉÔÈ ÍÕÌÔÉÐÌÅ &ÉÂÅÒ "ÒÁÇÇ 'ÒÁÔÉÎÇÓ ɉ&"'ÓɊ ÁÒÅ ÕÓÅÄȢ %ÁÃÈ &"' ÒÅПÌÅÃÔÓ Á 
ÓÐÅÃÉПÉÃ ×ÁÖÅÌÅÎÇÔÈ ÏÆ ÌÉÇÈÔȟ ×ÈÅÎ ÔÈÅ ÏÐÔÉÃ ПÉÂÅÒ ÉÓ ÅØÐÏÓÅÄ ÔÏ ÅØÔÅÒÎÁÌ ÉÎПÌÕÅÎÃÅÓȟ ÓÕÃÈ ÁÓ ÃÈÁÎÇÅÓ 
ÏÆ ÓÔÒÁÉÎÓ ÏÒ ÔÅÍÐÅÒÁÔÕÒÅȟ ÔÈÅ ÒÅПÌÅÃÔÅÄ ÌÉÇÈÔ ÓÈÉÆÔÓ ÁÎÄ Á ÄÉÆÆÅÒÅÎÔ ×ÁÖÅÌÅÎÇÔÈ ÉÓ ÍÅÁÓÕÒÅÄȢ 4ÈÅ 
ÒÅÌÁÔÉÏÎÓÈÉÐ ÂÅÔ×ÅÅÎ ÓÔÒÁÉÎ ÁÎÄ ×ÁÖÅÌÅÎÇÔÈ ÓÈÉÆÔÓ ÉÓ ÌÉÎÅÁÒȟ ×ÈÉÃÈ ÍÁËÅÓ ÔÈÅÍ ÓÕÉÔÁÂÌÅ ÆÏÒ ÓÔÒÁÉÎ 
ÍÅÁÓÕÒÅÍÅÎÔȟ ɉ&ÁÁÓÓÅÎȟ ςπςρɊ 

 
Fig.2.23. Detail of an optic fiber and an FBG sensor. (Faassen, 2021) 

 
/ÐÔÉÃȤПÉÂÅÒ ÓÅÎÓÏÒÓ ×ÅÒÅ ÉÎÓÔÁÌÌÅÄ ÁÔ ÔÈÅ ÔÏÐ ÃÏÎÃÒÅÔÅ ÌÁÙÅÒ ÁÎÄ ÁÔ ÔÈÅ ÂÏÔÔÏÍ ПÌÁÎÇÅ ÏÆ ÔÈÅ ÓÔÅÅÌ 
ÂÅÁÍÓ ÔÏ ÍÅÁÓÕÒÅ ÃÏÍÐÒÅÓÓÉÖÅ ÁÎÄ ÔÅÎÓÉÌÅ ÓÔÒÁÉÎÓ ÒÅÓÐÅÃÔÉÖÅÌÙȢ 4ÈÅÙ ×ÅÒÅ ÉÎÓÔÁÌÌÅÄ ÉÎ ÃÏÎÔÉÎÕÏÕÓ 
ÃÁÂÌÅÓ ÏÆ ÓÅÖÅÎ &"' ÓÅÎÓÏÒÓ ÅÁÃÈȢ )Î ÔÏÔÁÌ ÓÉØ ÃÁÂÌÅÓ ×ÅÒÅ ÕÓÅÄ ÍÁËÉÎÇ Á ÔÏÔÁÌ ÏÆ τς ÓÅÎÓÏÒÓȟ ςρ ÆÏÒ 
ÃÏÍÐÒÅÓÓÉÖÅ ÓÔÒÁÉÎÓ ÉÎ ÃÏÎÃÒÅÔÅ ÁÎÄ ςρ ÆÏÒ ÔÅÎÓÉÌÅ ÓÔÒÁÉÎÓ ÏÎ ÓÔÅÅÌȢ 4ÈÒÅÅ ÃÁÂÌÅÓ ×ÅÒÅ ÕÓÅÄ ÏÎ ÔÈÅ 
ÓÔÅÅÌ ÂÅÁÍÓ ÁÎÄ ÔÈÒÅÅ ÏÎ ÔÈÅ ÃÏÒÒÅÓÐÏÎÄÅÎÔ ÃÏÎÃÒÅÔÅ ÔÏÐȢ  3ÅÅ &ÉÇȢςȢςτȟ &ÉÇȢςȢςυȟ &ÉÇȢςȢςψ ÁÎÄ 
&ÉÇȢςȢςω 
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4ÈÅ ÏÐÔÉÃ ПÉÂÅÒÓ ×ÅÒÅ ÁÔÔÁÃÈÅÄ ÔÏ ÈÏÌÄÅÒÓȟ ÔÈÁÔ ×ÅÒÅ ÓÃÒÅ×ÅÄ ÏÎÔÏ ÓÔÅÅÌ ÐÌÁÔÅÓȟ ÔÈÁÔ ×ÅÒÅ ÇÌÕÅÄ ÔÏ 
ÔÈÅ ÓÐÅÃÉÍÅÎÓ ÁÓ ÓÈÏ×Î ÁÔ &ÉÇȢςȢςφ ÁÎÄ &ÉÇȢςȢςχȢ 4Ï ÁÖÏÉÄ ÆÁÉÌÕÒÅ ÏÆ ÔÈÅ ÇÌÕÅ ÄÕÒÉÎÇ ÔÅÓÔÉÎÇȟ ÔÈÅ 
ÓÔÅÅÌ ÐÌÁÔÅÓ ÔÈÁÔ ×ÅÒÅ ÇÌÕÅÄ ÔÏ ÔÈÅ ÓÐÅÃÉÍÅÎÓ ÈÁÄ ÂÅÅÎ ÓÁÎÄÅÄ ÔÏ ÍÁËÅ ÔÈÅ ÓÕÒÆÁÃÅ ÒÏÕÇÈȢ  

 
4ÈÅ ÏÐÔÉÃȤПÉÂÅÒÓ ÉÎÓÔÁÌÌÅÄ ÁÔ ÔÈÅ ÔÏÐ ÃÏÎÃÒÅÔÅ ÌÁÙÅÒ ÈÁÄ ÂÅÅÎ ÐÒÅÓÔÒÅÓÓÅÄ ÔÏ ÅÎÓÕÒÅ ÔÈÅ ÏÐÔÉÃ ПÉÂÅÒÓ 
ÁÌ×ÁÙÓ ×ÉÌÌ ÂÅ ÉÎ ÔÅÎÓÉÏÎȟ ÁÓ ÔÈÅ ÃÏÎÃÒÅÔÅ ×ÉÌÌ ÃÏÍÐÒÅÓÓ ×ÈÅÎ ÔÈÅ ÓÐÅÃÉÍÅÎ ÉÓ ÌÏÁÄÅÄȢ 4ÈÅ ÏÐÔÉÃ 
ПÉÂÅÒÓ ÉÎÓÔÁÌÌÅÄ ÁÔ ÔÈÅ ÂÏÔÔÏÍ ПÌÁÎÇÅÓ ÏÆ ÔÈÅ ÓÔÅÅÌ ÂÅÁÍÓ ÈÁÄ ÁÌÓÏ ÂÅÅÎ ÐÒÅÓÔÒÅÓÓÅÄȟ ÂÕÔ ÔÏ Á ÌÏ×ÅÒ 
ÌÅÖÅÌ ÁÓ ÔÈÅ ПÉÂÅÒÓ ÁÒÅ ÅØÐÅÃÔÅÄ ÔÏ ÍÅÁÓÕÒÅ ÔÅÎÓÉÏÎȢ 
 
$ÕÒÉÎÇ ÉÎÓÔÁÌÌÁÔÉÏÎ ÏÆ ÔÈÅ ÏÐÔÉÃ ПÉÂÅÒÓ ÆÏÒ ,"ρ ÓÅÎÓÏÒ &/Ȥ3ςȤχ ×ÁÓ ÄÁÍÁÇÅÄȢ )Î ÒÅÐÌÁÃÅÍÅÎÔ ,6$4 
ρυ ×ÁÓ ÉÎÓÔÁÌÌÅÄ ×ÉÔÈ ÔÈÅ ÓÁÍÅ ÂÁÓÅ ÌÅÎÇÔÈ ÁÓ ÆÏÒ ÔÈÅ ÏÐÔÉÃ ПÉÂÅÒÓ ÓÅÎÓÏÒȢ &ÏÒ ,"σ ÔÈÅ ÄÁÍÁÇÅÄ 
ÓÅÎÓÏÒ ×ÁÓ ÐÌÁÃÅÄ ÁÓ &/Ȥ#ρȤχȟ ÈÅÎÃÅ ,6$4 ρυ ÒÅÐÌÁÃÅÄ &/Ȥ#ρȤχ ÆÏÒ ,"σȢ  
 

 
Fig.2.24. LB1 - Top view fiber optic position. 

 
Fig.2.25. LB3 - Top view fiber optic position. 

 
Fig.2.26. Fiber optic glued to the top of the specimen. 
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Fig.2.27. Fiber optic glued to the bottom of a steel beam. 

 
Fig.2.28. LB1 - Bottom view fiber optic position. 

 
Fig.2.29. LB3 - Bottom view fiber optic position. 

 

 
Fig.2.30. LB1 - Side view fiber optic position. 
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2.2.5.  Digital Image Correlation (DIC) 

&ÏÒ ÍÅÁÓÕÒÉÎÇ ÔÈÅ ÄÉÓÐÌÁÃÅÍÅÎÔ ПÉÅÌÄȟ ÐÒÉÎÃÉÐÁÌ ÓÔÒÁÉÎ ÄÉÓÔÒÉÂÕÔÉÏÎ ÁÎÄ ÃÒÁÃËÓ ÂÏÔÈ ς$ $)# ÁÎÄ σ$ 
$)# ×ÅÒÅ ÁÐÐÌÉÅÄȢ ς$ $)# ÉÓ ÃÏÍÐÏÓÅÄ ÂÙ ÏÎÌÙ ÏÎÅ ÃÁÍÅÒÁȟ ÁÎÄ ÔÈÅÒÅÆÏÒÅ ÁÂÌÅ ÔÏ ÍÅÁÓÕÒÅ ÔÈÅ 
ÄÉÓÐÌÁÃÅÍÅÎÔÓ ПÉÅÌÄ ÉÎ Á ÐÌÁÎÅȢ 7ÈÅÒÅ ÏÕÔ ÏÆ ÐÌÁÎÅ ÄÅÆÏÒÍÁÔÉÏÎÓ ÁÒÅ ÅØÐÅÃÔÅÄ ÏÒ ÔÈÅ ÍÅÁÓÕÒÅÄ 
ÓÕÒÆÁÃÅ ÉÓ ÎÏÔ ÃÏÎÔÁÉÎÅÄ ÉÎ Á ÐÌÁÎÅȟ Á ÓÙÓÔÅÍ ×ÉÔÈ Ô×Ï ÃÁÍÅÒÁÓ ÉÓ ÕÓÅÄ ÔÏ ÐÅÒÆÏÒÍ Á σ$ $)#Ȣ 
 
4ÈÅ ς$ $)# ×ÁÓ ÐÏÓÉÔÉÏÎÅÄ ÏÎ ÔÈÅ ÓÉÄÅ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎÓȟ ÁÓ ÓÈÏ×Î ÏÎ &ÉÇȢςȢσρ ÁÎÄ &ÉÇȢςȢσςȟ 
ÒÅÓÐÅÃÔÉÖÅÌÙ ÆÏÒ ,"ρ ÁÎÄ ,"σȢ &ÉÇȢςȢσσ ÓÈÏ×ÉÎÇ ÔÈÅ ÓÅÔÕÐ ×ÉÔÈ ÃÁÍÅÒÁ ÁÎÄ ПÌÁÓÈÌÉÇÈÔ ÏÆ ÔÈÅ ς$ $)#Ȣ 
σ$ $)# ×ÁÓ ÐÌÁÃÅÄ ÕÎÄÅÒÎÅÁÔÈ ÔÈÅ ÓÐÅÃÉÍÅÎÓ ÂÅÃÁÕÓÅ ÔÈÅ ÂÏÔÔÏÍ ÓÕÒÆÁÃÅ ×ÁÓ σȤÄÉÍÅÎÓÉÏÎÁÌ ÁÎÄ 
ÏÕÔȤÏÆȤÐÌÁÎÅ ÄÅÆÏÒÍÁÔÉÏÎÓ ÁÒÅ ÅØÐÅÃÔÅÄȢ &ÉÇȢςȢστ ÁÎÄ &ÉÇȢςȢσυ ÓÈÏ×Ó ÔÈÅ ÐÏÓÉÔÉÏÎ ÏÆ ÔÈÅ σ$ $)# 
ÆÏÒ ,"ρ ÁÎÄ ,"σȢ &ÉÇȢςȢσφ ÓÈÏ×ÉÎÇ ÔÈÅ ÃÁÍÅÒÁ ÓÅÔÕÐ ÆÏÒ ÔÈÅ σ$ $)#Ȣ 

 
Fig.2.31. LB1 - North view 2D DIC position. 

 
Fig.2.32. LB3 - North view 2D DIC position. 

 
 

 
Fig.2.33. LB1 - Camera and flash setup for 2D DIC. 
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Fig.2.34. LB1 - Bottom view. Position of 3D DIC. 

 
Fig.2.35. LB3 - Bottom view. Position of 3D DIC. 

 
Fig.2.36. Camera and light setup 3D DIC. 
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3.  RESULTS 

3.1.  RESULTS OF LB1 

3.1.1.  Detailed description of the test results 

 
&ÉÇȢσȢρ ÓÈÏ×Ó ÄÉÓÐÌÁÃÅÍÅÎÔ ÆÒÏÍ ÊÁÃË &ρ ÖÅÒÓÕÓ ÔÈÅ ÔÏÔÁÌ ÌÏÁÄȢ )Î ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÔÈÅ ПÉÇÕÒÅ ×ÉÌÌ ÂÅ 
ÕÓÅÄ ×ÈÅÎ ÄÅÓÃÒÉÂÉÎÇ ÁÌÌ ÔÈÅ ÅØÐÅÒÉÍÅÎÔÁÌ ÏÂÓÅÒÖÁÔÉÏÎÓ ÔÈÁÔ ÏÃÃÕÒÒÅÄ ÄÕÒÉÎÇ ÔÈÅ ÔÅÓÔ ÏÆ ,"ρȢ  

 
Fig.3.1. Displacement S1 on jack F1 versus total load Ptotal (sum of the forces of both jacks).  

 
#ÒÁÃËÉÎÇ ПÉÒÓÔ ÏÃÃÕÒÒÅÄ ÁÔ ψυπ Ë.ȟ ÐÏÉÎÔ ! ÆÒÏÍ &ÉÇȢσȢρȟ ÁÎÄ ÔÈÅ ПÉÒÓÔ ÃÒÁÃËÓ ÁÐÐÅÁÒÅÄ ÁÓ ПÌÅØÕÒÁÌ 
ÃÒÁÃËÓȢ 4ÈÅ ПÌÅØÕÒÁÌ ÃÒÁÃËÓ ×ÅÒÅ ПÉÒÓÔ ÏÂÓÅÒÖÅÄ ÆÒÏÍ ÔÈÅ ÎÏÒÔÈ ÓÉÄÅ ÕÓÉÎÇ ÔÈÅ ς$ $)#ȟ ÂÕÔ ÓÏÏÎ 
ÁÐÐÅÁÒÅÄ ÁÔ ÔÈÅ σ$ $)# ÍÅÁÓÕÒÉÎÇ ÆÒÏÍ ÕÎÄÅÒÎÅÁÔÈ ÔÈÅ ÓÐÅÃÉÍÅÎȢ &ÏÒ ÔÈÅ ς$ $)# ×ÈÅÒÅ ÃÒÁÃËÉÎÇ 
ÓÔÁÒÔÓ ÓÅÅ &ÉÇȢσȢςȢ 
 

 
Fig.3.2. LB1. Point A ï Principal strain field Ů1 - Cracking starts (Ptotal=850 kN). 2D DIC from the 
north side.  
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&ÏÌÌÏ×ÉÎÇ ÃÒÁÃËÉÎÇȟ ÙÉÅÌÄÉÎÇ ×ÁÓ ПÉÒÓÔ ÍÅÁÓÕÒÅÄ ÁÔ ÍÉÄȤÓÐÁÎ ÆÒÏÍ ÏÐÔÉÃ ПÉÂÅÒ &/Ȥ3ςȤτ ÁÔ ÔÈÅ 
ÂÏÔÔÏÍ ПÌÁÎÇÅ ÏÆ ÂÅÁÍ ςȢ 4ÈÅ ÙÉÅÌÄÉÎÇ ×ÁÓ ÏÂÓÅÒÖÅÄ ÁÓÓÕÍÉÎÇ ÔÈÁÔ ÙÉÅÌÄÉÎÇ ÂÅÇÉÎÓ ÁÔ ρȟχυϸȢ 
7ÈÅÎ ÙÉÅÌÄÉÎÇ ÂÅÇÁÎȟ ÔÈÅ ÌÏÁÄ ×ÁÓ ρττχ Ë. ÁÎÄ ÔÈÅ ÁÄÊÁÃÅÎÔ ÂÅÁÍÓ ÈÁÄ Á ÓÔÒÁÉÎ ÃÌÏÓÅ ÔÏ ÙÉÅÌÄÉÎÇ 
ÂÕÔ ÏÎÌÙ ÁÎ ÅÌÁÓÔÉÃ ÓÔÒÁÉÎȢ 4ÈÅ ÓÔÒÁÉÎÓ ÁÔ ρττχ Ë. ÁÔ ÂÅÁÍÓ ρȟ ς ÁÎÄ σ ÃÁÎ ÂÅ ÓÅÅÎ ÆÒÏÍ &ÉÇȢσȢσ ÁÎÄ 
&ÉÇȢσȢυȢ 

 
Fig.3.3. LB1. Point B ï Beam 1 ï Strains -   Yielding starts at beam 2 (Ptotal=1447 kN). X, the position 
of the optic fibers from the support, versus the strain measured for optic fibers above and below 
beam 1. 
 

 
Fig.3.4.LB1. Point B ïBeam 2 ï Strains - Yielding starts at beam 2 (Ptotal=1447 kN). X, the position of 
the optic fibers from the support, versus the strain. FO-S2-7 broke during preparation of LB1 and is 
replaced by LVDT 15. FO-S2-5 and FO-S2-6 show smaller strains which can be considered outliers. 
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Fig.3.5. LB1. Point B ï Beam 3- Strains - Yielding starts at beam 2 (Ptotal=1447 kN). X, the position of 
the optic fibers from the support, versus the strains. FO-S3-4 is not out of range despite the strain 
measured being smaller than expected therefore can be considered an outlier. 

 
7ÈÅÎ ÔÈÅ ÌÏÁÄ ÒÅÁÃÈÅÄ ρχππ Ë.ȟ ÐÏÉÎÔ # ÆÒÏÍ &ÉÇȢσȢρȟ ÔÈÅ ПÌÅØÕÒÁÌ ÃÒÁÃËÓ ÁÔ ÔÈÅ ÓÉÄÅ ÓÔÁÒÔÅÄ ÔÏ 
ÐÒÏÐÁÇÁÔÅ ÉÎ ÌÏÎÇÉÔÕÄÉÎÁÌ ÄÉÒÅÃÔÉÏÎ ÁÔ Á ÈÅÉÇÈÔ ÁÐÐÒÏØÉÍÁÔÅÌÙ ÃÏÒÒÅÓÐÏÎÄÉÎÇ ÔÏ ÔÈÅ ÔÏÐ ПÌÁÎÇÅ ÏÆ 
ÔÈÅ ÂÅÁÍÓȢ -ÏÒÅÏÖÅÒȟ ÔÈÅ ÃÒÁÃËÓ ÕÎÄÅÒÎÅÁÔÈ ÔÈÅ ÓÐÅÃÉÍÅÎ ÓÔÁÒÔÅÄ ÔÏ ÐÒÏÐÁÇÁÔÅ ÉÎ ÌÏÎÇÉÔÕÄÉÎÁÌ 
ÄÉÒÅÃÔÉÏÎ ×ÈÅÎ ÙÉÅÌÄÉÎÇ ÂÅÇÁÎȟ ÔÈÉÓ ×ÁÓ ÏÂÓÅÒÖÅÄ ÆÒÏÍ ÔÈÅ σ$ $)#Ȣ 5ÎÄÅÒÎÅÁÔÈ ÔÈÅ ÓÐÅÃÉÍÅÎȟ ÔÈÅ 
ÃÒÁÃËÓ ÃÌÏÓÅÓÔ ÔÏ ÔÈÅ ÓÕÐÐÏÒÔÓ ×ÅÒÅ ÐÒÏÐÁÇÁÔÉÎÇ ÉÎÔÏ ÏÎÅ ÃÏÎÔÉÎÕÏÕÓ ÃÒÁÃËȢ 4ÈÅ ς$ ÁÎÄ σ$ $)# ÁÔ 
ρχππ Ë. ÃÁÎ ÂÅ ÓÅÅÎ ÆÒÏÍ &ÉÇȢσȢφ ÁÎÄ &ÉÇȢσȢχȢ 
 

 
Fig.3.6. LB1. Point C - ï Principal strain field Ů1 - max load before first unloading (Ptotal=1700 kN). 2D 
DIC from the north side. 
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Fig.3.7. LB1. Point C -  Principal strain field Ů1 -  Bottom surface of the concrete.- Max load before 
first unloading (Ptotal=1700 kN). 3D DIC from underneath the specimen.  

 
!Ô ρχππ Ë. ÔÈÅ ÍÁØ ÓÔÒÁÉÎ ÏÆ ÔÈÅ ÔÏÐ ÃÏÎÃÒÅÔÅ ÌÁÙÅÒ ×ÁÓ ςȟπϸ ÁÎÄ ×ÁÓ ÁÔ ÍÉÄÓÐÁÎ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎ 
ÍÅÁÓÕÒÅÄ ÆÒÏÍ ÏÐÔÉÃ ПÉÂÅÒ &/Ȥ#ςȤτȢ 4ÈÅ ÓÔÒÁÉÎ ÏÆ ÔÈÅ ÃÏÎÃÒÅÔÅ ÄÉÄÎȭÔ ÃÈÁÎÇÅ ÓÉÇÎÉПÉÃÁÎÔÌÙ ×ÈÅÎ 
ÉÎÃÒÅÁÓÉÎÇ ÔÈÅ ÌÏÁÄ ÉÎ ÔÈÅ ÆÏÌÌÏ×ÉÎÇȢ &ÕÒÔÈÅÒÍÏÒÅȟ ÔÈÅ ÙÉÅÌÄÉÎÇ ÏÆ ς ÂÅÁÍ ÐÒÏÐÁÇÁÔÅÄ ÁÓ ÙÉÅÌÄÉÎÇ 
×ÁÓ ÍÅÁÓÕÒÅÄ ÁÔ ÂÏÔÈ ÏÐÔÉÃ ПÉÂÅÒÓ &/Ȥ3ςȤσ ÁÎÄ &/Ȥ3ςȤτ ÁÔ ÔÈÅ ÂÏÔÔÏÍ ПÌÁÎÇÅȢ )Î ÁÄÄÉÔÉÏÎȟ ÔÈÅ ÓÔÒÁÉÎ 
ÁÔ ÔÈÅ ÏÐÔÉÃ ПÉÂÅÒÓ &/Ȥ3ςȤυ ÁÎÄ &/Ȥ3ςȤφ ×ÁÓ ÒÅÌÁÔÉÖÅÌÙ ÓÍÁÌÌ ÉÎÄÉÃÁÔÉÎÇ ÔÈÁÔ ÅÉÔÈÅÒ ÔÈÅÒÅ ×ÁÓ ÁÎ 
ÅÒÒÏÒ ×ÉÔÈ ÔÈÅ ÏÐÔÉÃ ПÉÂÅÒÓ ÏÒ ÔÈÁÔ ÔÈÅ ÂÅÈÁÖÉÏÕÒ ÏÆ ÔÈÅ ÂÅÁÍ ×ÁÓ ÄÉÆÆÅÒÅÎÔ ÁÔ ÔÈÉÓ ÐÏÓÉÔÉÏÎȢ 4ÈÅ 
ÓÔÒÁÉÎ ÁÔ ρχππ Ë. ÆÏÒ ÂÅÁÍ ς ÉÓ ÓÈÏ×Î ÁÔ &ÉÇȢσȢψȢ 

 
Fig.3.8. LB1. Point C - Max load of first loading (Ptotal=1700 kN). X, the position of the optic fibers from 
the support, versus the strain measured for optic fibers above and below beam 2. FO-S2-4 fell out of 
range. FO-S2-7 broke during preparation of LB1 and was replaced by LVDT 15. 

 
!ÆÔÅÒ ÔÈÅ ÌÏÁÄ ÒÅÁÃÈÅÄ ρχππ Ë.ȟ ÐÏÉÎÔ # ÆÒÏÍ &ÉÇȢσȢρȟ ÔÈÅ ÓÐÅÃÉÍÅÎ ×ÁÓ ÕÎÌÏÁÄÅÄ ÔÏ υπ Ë. ÔÏ 
ÐÒÅÓÅÒÖÅ ÔÈÅ ÍÅÁÓÕÒÉÎÇ ÄÅÖÉÃÅÓȟ ÐÏÉÎÔ $ ÆÒÏÍ &ÉÇȢσȢρȢ &ÒÏÍ ÔÈÅ ÕÎÌÏÁÄÉÎÇ ÁÎ ÉÒÒÅÖÅÒÓÉÂÌÅ ÖÅÒÔÉÃÁÌ 
ÄÅÆÏÒÍÁÔÉÏÎ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎ ×ÁÓ ÏÂÓÅÒÖÅÄȟ ×ÈÉÃÈ ÓÈÏ×Ó ÔÈÅ ÐÌÁÓÔÉÃ ÂÅÈÁÖÉÏÕÒ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎȢ 
4ÈÅ ÍÁØÉÍÕÍ ÄÉÓÐÌÁÃÅÍÅÎÔ ÍÅÁÓÕÒÅÄ ÆÒÏÍ ÌÁÓÅÒÓ ÄÕÒÉÎÇ ÕÎÌÏÁÄÉÎÇ ×ÁÓ ρφ ÍÍȟ ÍÅÁÓÕÒÅÄ ÆÒÏÍ 
ÌÁÓÅÒ υ ÔÈÁÔ ÉÓ ÕÎÄÅÒÎÅÁÔÈ ÂÅÁÍ ςȢ &ÕÒÔÈÅÒÍÏÒÅȟ ÔÈÅ ÖÅÒÔÉÃÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ×ÁÓ ÎÏÔ ÓÙÍÍÅÔÒÉÃÁÌÌÙ 
ÐÅÒÆÅÃÔȟ ÄÕÅ ÔÏ ÓÍÁÌÌ ÖÁÒÉÁÔÉÏÎÓ ÏÆ ÔÈÅ ÃÒÏÓÓ ÓÅÃÔÉÏÎ ÏÖÅÒ ÔÈÅ ÌÅÎÇÔÈ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎȢ 4ÈÅ ÖÅÒÔÉÃÁÌ 
ÄÅÆÏÒÍÁÔÉÏÎ ÍÅÁÓÕÒÅÄ ÆÒÏÍ ÂÅÁÍ ς ÉÓ ÓÈÏ×Î ÁÔ &ÉÇȢσȢω ÁÔ ÄÉÆÆÅÒÅÎÔ ÌÏÁÄ ÐÏÉÎÔÓȢ 
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Fig.3.9. LB1. Displacement profile at beam 2 for different load levels (A-F from Fig.3.1). Laser 2, 5, 8 
and 11 positioned at beam 2. X, distance to the support, versus the total vertical displacement.  

 
!ÆÔÅÒ ÔÈÅ ÓÐÅÃÉÍÅÎ ×ÁÓ ÕÎÌÏÁÄÅÄ ÔÏ υπ Ë.ȟ ÐÏÉÎÔ $ ÆÒÏÍ &ÉÇȢσȢρȟ ÔÈÅ ÓÐÅÃÉÍÅÎ ×ÁÓ ÒÅÌÏÁÄÅÄ ÁÇÁÉÎȢ 
$ÕÒÉÎÇ ÒÅÌÏÁÄÉÎÇ ÔÈÅ ÄÅÆÏÒÍÁÔÉÏÎ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎ ×ÁÓ ÉÎÃÒÅÁÓÉÎÇ ÌÉÎÅÁÒÌÙ ×ÉÔÈ ÉÎÃÒÅÁÓÉÎÇ ÌÏÁÄȟ 
ÕÎÔÉÌ ρφππ Ë. ÁÎÄ ÔÈÅ ÓÐÅÃÉÍÅÎ ÓÔÁÒÔÅÄ ÔÏ ÙÉÅÌÄ ÁÇÁÉÎȢ 7ÈÅÎ ÔÈÅ ÓÐÅÃÉÍÅÎ ÒÅÁÃÈÅÄ ρχππ Ë. ÁÇÁÉÎȟ 
ÐÏÉÎÔ % ÆÒÏÍ &ÉÇȢσȢρȟ ÔÈÅ ÄÉÓÐÌÁÃÅÍÅÎÔ ÓÔÁÒÔÅÄ ÔÏ ÉÎÃÒÅÁÓÅ ×ÉÔÈ ÔÈÅ ÓÁÍÅ ÄÉÓÐÌÁÃÅÍÅÎÔ ÖÅÒÓÕÓ ÌÏÁÄ 
ÇÒÁÄÉÅÎÔ ÁÓ ÂÅÆÏÒÅ ÉÔ ×ÁÓ ÕÎÌÏÁÄÅÄ ÔÏ υπ Ë.Ȣ 4ÈÉÓ ÄÅÖÅÌÏÐÍÅÎÔ ÄÕÒÉÎÇ ÔÈÅ ÒÅÌÏÁÄÉÎÇ ÃÁÎ ÂÅ ÓÅÅÎ 
ÆÒÏÍ &ÉÇȢσȢρȢ 
 
4ÈÅ ÓÐÅÃÉÍÅÎ ÆÁÉÌÅÄ ÁÆÔÅÒ ÒÅÌÏÁÄÉÎÇ ÁÔ ρχτφ Ë.ȟ ÐÏÉÎÔ & ÆÒÏÍ &ÉÇȢσȢρȟȢ &ÏÌÌÏ×ÉÎÇ ÔÈÅ ÆÁÉÌÕÒÅȟ Á 
ÓÕÄÄÅÎ ÌÏÁÄ ÄÒÏÐ ÏÃÃÕÒÒÅÄȟ ÁÎÄ ÔÈÅ ÂÅÁÍ ×ÁÓ ÕÎÌÏÁÄÅÄȢ !Ô ÔÈÉÓ ÌÏÁÄ ÌÅÖÅÌȟ ÄÅÌÁÍÉÎÁÔÉÏÎ ÂÅÔ×ÅÅÎ 
ÓÔÅÅÌ ÁÎÄ ÃÏÎÃÒÅÔÅ ÏÃÃÕÒÒÅÄ ÁÔ ÂÅÁÍ ρȢ 4ÈÅ ÄÅÌÁÍÉÎÁÔÉÏÎ ÃÒÁÃË ÐÒÏÇÁÔÅÄ ÔÈÒÏÕÇÈ ÔÈÅ ÈÏÌÅ ÂÅÁÍ 
ÒÅÁÃÈÉÎÇ ÁÌÓÏ ÔÈÅ ÓÕÐÐÏÒÔȢ 3ÅÅ &ÉÇȢ σȢρπȟ &ÉÇȢσȢρρȟ &ÉÇȢσȢρςȢ 
 

 
Fig. 3.10 - LB1 - Delamination crack observed at Ptotal = 1746 kN. Steel beam 1. Picture from south 
view. 
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Fig.3.11. LB1. Cracks between flanges of beam 1 at the east end after testing. 

 

 
&ÉÇȢσȢρςȢ ,"ρȢ #ÒÁÃË ÁÔ ÔÈÅ ×ÅÓÔ ÅÎÄ ÏÆ ÂÅÁÍ ρ ÁÆÔÅÒ ÔÅÓÔÉÎÇȢ 
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The delamination was also measured at LVDT14 which during most of the experiment had values 
close to zero until the delamination crack propagated until the support and the displacement 
increased significantly. See Fig. 3.13. 

 
Fig. 3.13 - LB1 - Relative displacement between steel top flange and adjacent concrete at Beam 1 end. 
The maximum relative displacement measured was 1mm, the graph is limited to keep scale. 

 
! ÓÉÍÉÌÁÒ ÂÅÈÁÖÉÏÕÒ ×ÁÓ ÏÂÓÅÒÖÅÄ ÁÔ ,6$4 ρς ×ÈÉÃÈ ÁÃÔÉÖÁÔÅÄ ÓÈÏ×ÉÎÇ ÓÌÉÐ ÏÆ ÔÈÅ ÂÅÁÍÓ ÁÔ ÔÈÅ 
ÔÏÐ ПÌÁÎÇÅȢ ,6$4 ρς ÍÅÁÓÕÒÉÎÇ ÓÌÉÐ ÁÔ ÂÅÁÍ ρ ÓÈÏ×ÅÄ Á ÔÒÅÎÄ ÌÉËÅ ÔÈÅ ÖÅÒÔÉÃÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔȟ 
×ÈÅÒÅÁÓ ,6$4 ρτ ÍÅÁÓÕÒÉÎÇ ÓÌÉÐ ÁÔ ÂÅÁÍ ς ÏÎÌÙ ÓÈÏ×ÅÄ ÓÌÉÐ ÁÔ ÆÁÉÌÕÒÅȢ ,6$4 ρς ÃÁÎ ÂÅ ÓÅÅÎ ÏÎ 
&ÉÇȢσȢρτȢ  ,6$4 ρρ ÁÎÄ ρσȟ ÓÈÏ×ÅÄ ÓÍÁÌÌ ÖÁÌÕÅÓ ÏÆ ÒÅÌÁÔÉÖÅ ÄÉÓÐÌÁÃÅÍÅÎÔȢ 

 
Fig.3.14. LB1. Longitudinal displacement at top flange of beam 2 versus total load. 

 
,6$4Ó ρȤτ ÍÅÁÓÕÒÉÎÇ ÒÅÌÁÔÉÖÅ ÌÏÎÇÉÔÕÄÉÎÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ×ÅÒÅ ÁÃÔÉÖÁÔÅÄ ÅÓÐÅÃÉÁÌÌÙ ,6$4 ς ÁÎÄ σȟ 
×ÈÅÎ ÔÈÅ ÌÏÁÄ ÉÎÃÒÅÁÓÅÄ ÆÒÏÍ ρχππ Ë. ÔÏ ρχτφ Ë.ȟ ×ÈÉÃÈ ÃÁÎ ÂÅ ÓÅÅÎ ÆÒÏÍ &ÉÇȢσȢρυȢ 
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Fig.3.15. Point A-F for LVDT 1-4. Relative longitudinal displacement between steel and concrete 
versus X, the distance to the support. 

 
&ÌÅØÕÒÁÌ ÃÒÁÃËÓ  ÐÒÏÐÁÇÁÔÅÄ ÉÎ ÌÏÎÇÉÔÕÄÉÎÁÌ ÄÉÒÅÃÔÉÏÎ ÁÔ Á ÈÅÉÇÈÔ ÁÒÏÕÎÄ ÔÈÅ ÐÏÓÉÔÉÏÎ ÏÆ ÔÈÅ ÔÏÐ 
ПÌÁÎÇÅȟ ÅÓÐÅÃÉÁÌÌÙ ÏÎ ÔÈÅ ÒÅÇÉÏÎ ×ÈÅÒÅ ÔÈÅ ÌÏÁÄ ×ÁÓ ÁÐÐÌÉÅÄȢ  4ÈÅ ς$ $)# ÁÔ ÆÁÉÌÕÒÅ ÃÁÎ ÂÅ ÓÅÅÎ 
ÆÒÏÍ &ÉÇȢσȢρφȢ 
 

 
Fig.3.16. LB1. Point F - the max load is achieved (Ptotal=1746). 2D DIC from the north side. 

 
&ÒÏÍ ÔÈÅ ÓÏÕÔÈ ÓÉÄÅ ÄÅÌÁÍÉÎÁÔÉÏÎ ÃÒÁÃËÓ ×ÅÒÅ ÏÂÓÅÒÖÅÄ ÁÔ ÂÅÁÍ ρ ÔÈÁÔ ÐÒÏÐÁÇÁÔÅÄ ÔÏ ÔÈÅ ÓÕÐÐÏÒÔ 
ÁÔ ÌÏÁÄ ÃÅÌÌ τȟ ×ÈÉÃÈ ÃÁÎ ÂÅ ÓÅÅÎ ÆÒÏÍȟ &ÉÇȢ σȢρπ ÁÎÄ &ÉÇȢσȢρχ%ÒÒÏÒȦ 2ÅÆÅÒÅÎÃÅ ÓÏÕÒÃÅ ÎÏÔ ÆÏÕÎÄȢȢ 
!Ô ÔÈÅ ×ÅÓÔ ÅÎÄ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎ ÔÈÅÒÅ ×ÁÓ Á ÇÁÐ ÂÅÔ×ÅÅÎ ÂÅÁÍ ρ ÁÎÄ ÔÈÅ ÃÏÎÃÒÅÔÅȟ ×ÈÉÃÈ ÃÁÎ ÂÅ 
ÓÅÅÎ ÆÒÏÍ &ÉÇȢσȢρςȢ !Ô ÔÈÅ ÅÁÓÔ ÓÉÄÅ ÔÈÅÒÅ ×ÅÒÅ ÃÒÁÃËÓ ÉÎ ÔÈÅ ÃÏÎÃÒÅÔÅ ÂÅÔ×ÅÅÎ ÔÈÅ ÔÏÐ ÁÎÄ ÂÏÔÔÏÍ 
ПÌÁÎÇÅÓ ÏÆ ÂÅÁÍ ρȟ ×ÈÉÃÈ ÃÁÎ ÂÅ ÓÅÅÎ ÆÒÏÍ &ÉÇȢσȢρρȢ 5ÎÄÅÒÎÅÁÔÈ ÔÈÅ ÓÐÅÃÉÍÅÎ ÔÈÅÒÅ ×ÁÓ Á 
ÌÏÎÇÉÔÕÄÉÎÁÌ ÃÒÁÃË ÂÅÔ×ÅÅÎ ÂÅÁÍÓ ρ ÁÎÄ ς ÇÏÉÎÇ ÆÒÏÍ ÓÕÐÐÏÒÔ ÔÏ ÓÕÐÐÏÒÔ ×ÈÉÃÈ ÃÁÎ ÂÅ ÓÅÅÎ ÆÒÏÍ 
&ÉÇȢσȢρψȢ  
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Fig.3.17. LB1. Crack from the east support along beam 1. 

 
Fig.3.18. LB1. Crack between beam 1 and 2 underneath the specimen. The crack was observed after 
the test. 

,6$4 ς ÁÎÄ σ ÒÅÇÉÓÔÅÒÅÄ ÁÎ ÉÎÃÒÅÁÓÅ ÉÎ ÔÈÅ ÄÉÓÐÌÁÃÅÍÅÎÔ ÁÔ ÆÁÉÌÕÒÅȟ ÁÄÄÉÔÉÏÎÁÌÌÙ ,6$4 ρτ ÓÈÏ×ÅÄ 
ÔÈÁÔ ÂÅÁÍ ς ÓÌÉÐÐÅÄ ÁÔ ÆÁÉÌÕÒÅȢ "ÅÆÏÒÅ ÆÁÉÌÕÒÅ ,6$4 ρτ ×ÁÓÎȭÔ ÁÃÔÉÖÁÔÅÄȟ ÄÅÓÐÉÔÅ ,6$4 ς ÁÎÄ σ 
ÓÈÏ×ÅÄ ÉÎÃÒÅÁÓÉÎÇ ÄÉÓÐÌÁÃÅÍÅÎÔ ÂÅÔ×ÅÅÎ ÔÈÅ ÂÏÔÔÏÍ ПÌÁÎÇÅ ÏÆ ÂÅÁÍ ς ÁÎÄ ÔÈÅ ÂÏÔÔÏÍ ÃÏÎÃÒÅÔÅ 
ÌÁÙÅÒȢ  &ÒÏÍ ÔÈÅ ÃÒÁÃËÓ ÓÅÅÎ ÂÅÔ×ÅÅÎ ÂÅÁÍ ρ ÁÎÄ ÔÈÅ ÃÏÎÃÒÅÔÅȟ ÁÓ ×ÅÌÌ ÁÓ ÔÈÅ ÂÅÆÏÒÅ ÍÅÎÔÉÏÎÅÄ 



 Experiment on steel-concrete composite bridges without mechincal connectors 32 

Stevin Report 25.5-14-09 Results Printed on 29/04/2022 17:10:00 

 
 
ÉÎÄÉÃÁÔÅÓ ÔÈÁÔ ÆÁÉÌÕÒÅ ÏÆ ÉÎÔÅÒÆÁÃÅ ×ÁÓ ÏÂÓÅÒÖÅÄȟ ÁÌÔÈÏÕÇÈ ÔÈÅ ÓÐÅÃÉÍÅÎ ÈÁÄ ÂÅÎÄÉÎÇ ÂÅÈÁÖÉÏÒ ÂÕÔ 
×ÉÔÈ ÌÉÍÉÔÅÄ ÄÕÃÔÉÌÉÔÙȢ  
 
4ÈÅ ÌÏÁÄ ÄÉÓÔÒÉÂÕÔÉÏÎ ÁÍÏÎÇ ÔÈÅ ÔÈÒÅÅ ÂÅÁÍÓ ÃÁÎ ÂÅ ÏÂÔÁÉÎÅÄ ÂÙ ÁÎÁÌÙÚÉÎÇ ÔÈÅ ÌÏÁÄ ÃÅÌÌÓ 
ÍÅÁÓÕÒÅÍÅÎÔÓ )Ô ×ÁÓ ÏÂÓÅÒÖÅÄ ÔÈÁÔ ÔÈÅ ÍÉÄÄÌÅ ÂÅÁÍ ÃÁÒÒÉÅÄ Á ÈÉÇÈÅÒ ÐÏÒÔÉÏÎ ÏÆ ÔÈÅ ÌÏÁÄÓȢ 3ÅÅ &ÉÇȢ 
σȢρω ÁÎÄ &ÉÇȢ σȢςπȢ -ÏÒÅÏÖÅÒ ÔÈÅ ÒÅÓÐÏÎÓÅ ÉÓ ÎÏÔ ÃÏÍÐÌÅÔÅÌÙ ÓÙÍÍÅÔÒÉÃȢ 
 

 
Fig. 3.19 ï LB1 - Reaction force from load cells versus total load for load cell 1-3, west side. 

 
Fig. 3.20 ï LB1 - Reaction force from load cells versus total load for load cell 4-6, east side. 

 
/Î ÔÈÅ ÔÒÁÎÓÖÅÒÓÅ ÄÉÓÐÌÁÃÅÍÅÎÔÓ ÏÆ ÔÈÅ ÂÅÁÍÓȟ ÉÔ ×ÁÓ ÏÂÓÅÒÖÅÄ ÔÈÁÔ "ÅÁÍ ρ ɉÓÏÕÔÈÅÒÎ ÂÅÁÍɊ 
ÅØÐÅÒÉÅÎÃÅÄ Á ÂÉÇÇÅÒ ÔÒÁÎÓÖÅÒÓÅ ÄÉÓÐÌÁÃÅÍÅÎÔ ÆÒÏÍ ÔÈÅ ÍÉÄÄÌÅ ÔÈÁÎ "ÅÁÍ σ ɉÎÏÒÔÈÅÒÎ ÂÅÁÍɊȢ 
4ÈÉÓ ÃÁÎ ÂÅ ÓÅÅÎ ÏÎ ÔÈÅ ÍÅÁÓÕÒÅÍÅÎÔÓ ÏÆ ,6$4Ó υ ÁÎÄ φ ɉ,6$4Ó χȤρπ ÓÈÏ×ÅÄ Á ÓÉÍÉÌÁÒ ÂÅÈÁÖÉÏÒɊȟ 
ÓÅÅ &ÉÇȢ σȢςρȢ  
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Fig. 3.21- LB1 - Relative transverse displacements from the outer beams measured from the bottom 
flange. 

 
2ÅÇÁÒÄÉÎÇ ÔÈÅ ÖÅÒÔÉÃÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔȟ ÏÎ Á ÓÅÃÔÉÏÎ ÌÏÃÁÔÅÄ ÕÎÄÅÒ ÔÈÅ ÌÏÁÄ ÉÔ ÃÁÎ ÂÅ ÓÅÅÎȟ &ÉÇȢ σȢςςȟ 
ÔÈÁÔ ÂÅÁÍ σ ÈÁÄ Á ÓÌÉÇÈÔÌÙ ÂÉÇÇÅÒ ÄÉÓÐÌÁÃÅÍÅÎÔ ÔÈÁÎ ÂÅÁÍ ρȟ ÁÎÄ ÔÈÁÔ ÔÈÅ ÂÉÇÇÅÓÔ ÄÉÓÐÌÁÃÅÍÅÎÔ 
×ÁÓ ÕÎÄÅÒ ÔÈÅ ÍÉÄÄÌÅ ÂÅÁÍȢ 

 
Fig. 3.22 - LB1 - Vertical displacement transverse distribution between the three steel beams for 
different load stages (A-F). Measurements from Lasers 4, 5 and 6. 

 
/ÔÈÅÒ ÔÅÓÔ ÒÅÓÕÌÔÓ ÆÏÒ ÌÏÁÄ ÃÅÌÌÓȟ ÏÐÔÉÃ ПÉÂÅÒÓȟ ÌÁÓÅÒÓȟ ,6$4Óȟ ς$ $)# ÁÎÄ σ$ $)# ÁÒÅ ÓÈÏ×Î 
ÒÅÓÐÅÃÔÉÖÅÌÙ ÁÔ !ÎÎÅØ ! ÔÏ &Ȣ 
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3.2.  RESULTS OF LB3 

3.2.1.  Detailed description of the test results 

 
&ÉÇȢσȢςσ ÓÈÏ×Ó ÄÉÓÐÌÁÃÅÍÅÎÔ ÆÒÏÍ ÊÁÃË &ρ ÖÅÒÓÕÓ ÔÈÅ ÔÏÔÁÌ ÌÏÁÄȢ )Î ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÔÈÅ ПÉÇÕÒÅ ×ÉÌÌ 
ÂÅ ÕÓÅÄ ×ÈÅÎ ÄÅÓÃÒÉÂÉÎÇ ÁÌÌ ÔÈÅ ÅØÐÅÒÉÍÅÎÔÁÌ ÏÂÓÅÒÖÁÔÉÏÎÓ ÔÈÁÔ ÏÃÃÕÒÒÅÄ ÄÕÒÉÎÇ ÔÈÅ ÔÅÓÔ ÏÆ ,"σȢ  

 
Fig.3.23. Displacement S1 at jack F1 versus total load (sum of both jacks). Characteristic load points 
shown with capital letters. 

#ÒÁÃËÉÎÇ ПÉÒÓÔ ÏÃÃÕÒÒÅÄ ÁÔ φυπ Ë.ȟ ÐÏÉÎÔ ! ÆÒÏÍ &ÉÇȢσȢςσȢ 4ÈÅ ПÉÒÓÔ ÃÒÁÃËÓ ÁÐÐÅÁÒÅÄ ÁÓ ПÌÅØÕÒÁÌ 
ÃÒÁÃËÓȟ ÔÈÅÓÅ ×ÅÒÅ ПÉÒÓÔ ÏÂÓÅÒÖÅÄ ÆÒÏÍ ÔÈÅ ÎÏÒÔÈ ÓÉÄÅ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎȟ ÕÓÉÎÇ ς$ $)#ȟ ÁÔ ÔÈÉÓ ÐÏÉÎÔ 
ÃÒÁÃËÉÎÇ ×ÁÓ ÁÌÓÏ ÖÉÓÉÂÌÅ ÆÒÏÍ ÔÈÅ σ$ $)# ÐÏÓÉÔÉÏÎÅÄ ÕÎÄÅÒÎÅÁÔÈ ÔÈÅ ÓÐÅÃÉÍÅÎȢ 4ÈÅ ς$ ÁÎÄ σ$ 
$)# ÁÔ φυπ Ë.  ÃÁÎ ÂÅ ÓÅÅÎ ÆÒÏÍ &ÉÇȢσȢςτ ÁÎÄ &ÉÇȢσȢςυȢ 
 

 
Fig.3.24. LB3. Point A ï Principal strain field Ů1 - Cracking starts (Ptotal=650 kN). 2D DIC from the 
north side.  
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Fig.3.25. LB3. Point A ï Principal strain field Ů1 - Bottom surface of the concrete - Cracking starts 
(Ptotal=650 kN). 3D DIC from underneath the specimen. 

 
&ÏÌÌÏ×ÉÎÇ ÃÒÁÃËÉÎÇȟ ÙÉÅÌÄÉÎÇ ×ÁÓ ПÉÒÓÔ ÍÅÁÓÕÒÅÄ ÁÔ ρςφχ Ë. ÃÌÏÓÅ ÔÏ ÍÉÄȤÓÐÁÎ ÁÔ ÂÅÁÍ σ ÆÒÏÍ ÏÐÔÉÃ 
ПÉÂÅÒ &/Ȥ3σȤυȢ !Ô ÔÈÉÓ ÐÏÉÎÔ &/Ȥ3σȤτ ÍÅÁÓÕÒÅÄ ÒÅÌÁÔÉÖÅÌÙ ÌÏ× ÖÁÌÕÅÓȟ ÁÌÔÈÏÕÇÈ ÉÔ ×ÁÓ ÅØÐÅÃÔÅÄ ÔÈÁÔ 
ÔÈÉÓ ×ÏÕÌÄ ÍÅÁÓÕÒÅ ÔÈÅ ÈÉÇÈÅÓÔ ÓÔÒÁÉÎÓ ÁÔ ÂÅÁÍ σȟ ÌÁÔÅÒ &/Ȥ3σȤτ ÏÂÔÁÉÎÅÄ ÖÁÌÕÅÓ ÔÈÁÔ ÓÅÅÍÅÄ 
ÒÅÁÓÏÎÁÂÌÅȢ 4ÈÅ ÍÁØÉÍÕÍ ÓÔÒÁÉÎ ÏÆ ÔÈÅ ÔÏÐ ÃÏÎÃÒÅÔÅ ÌÁÙÅÒ ×ÁÓ ÉÎ ÔÈÅ ÒÁÎÇÅ ςȟπϸȟ ÍÅÁÓÕÒÅÄ ÁÔ 
ÍÉÄÓÐÁÎ ÆÒÏÍ ÏÐÔÉÃ ПÉÂÅÒ &/Ȥ#ρȤτȢ 4ÈÅ ÓÔÒÁÉÎ ÆÏÒ ÂÅÁÍÓ ρȟ ς ÁÎÄ σ ÁÒÅ ÓÈÏ×Î ÁÔ &ÉÇȢσȢςφ ÔÏ &ÉÇȢσȢςψȢ 
 

 
Fig.3.26. LB3. Point B ï Beam 1 ï Strains - Yielding starts at beam 3 (Ptotal=1267 kN). X, the position 
of the optic fibers from the support, versus the strain. FO-C1-7 broke during preparation of LB1 and 
was replaced by LVDT 15. 
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Fig.3.27. LB3. Point B- Beam 2 ï Strains - Yielding starts at beam 3 (Ptotal=1267 kN). X, the position 
of the optic fibers from the support, versus the strain. FO-C2-5 fell out of range.  

 
Fig.3.28. LB3. Point B - Yielding starts at beam 3 (Ptotal=1267 kN). X, the position of the optic fibers 
from the support, versus the strain 3. FO-C2-5 fell out of range.  FO-S3-4 shows inconsistent values 
and can be seen as an outlier. 
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!Ô ρςφχ ÔÈÅ ς$ $)# ÓÈÏ×ÅÄ ÈÏÒÉÚÏÎÔÁÌ ÃÒÁÃËÓ ÁÔ ÔÈÅ ÔÏÐ ÈÁÌÆ ÏÆ ÔÈÅ ÃÏÎÃÒÅÔÅ ÌÁÙÅÒ ×ÈÉÃÈ ÃÁÎ ÂÅ 
ÓÅÅÎ ÁÓ ÉÎÉÔÉÁÔÉÏÎ ÏÆ ÃÏÎÃÒÅÔÅ ÃÒÕÓÈÉÎÇȢ !Ô ÔÈÉÓ ÌÅÖÅÌ ÃÏÎÃÒÅÔÅ ÃÏÍÐÒÅÓÓÉÖÅ ÓÔÒÁÉÎÓ ×ÅÒÅ ςπππАʀ ÁÔ 
ÍÉÄ ÓÐÁÎ ÁÓ ÉÔ ×ÁÓ ÍÅÁÓÕÒÅÄ ÉÔ ÃÁÎ ÂÅ ÓÅÅÎ ÉÎ &ÉÇȢσȢςφȢ )Î ÁÄÄÉÔÉÏÎȟ ÔÈÅ ПÌÅØÕÒÁÌ ÃÒÁÃËÓ ÓÔÁÒÔÅÄ ÔÏ 
ÐÒÏÐÁÇÁÔÅ ÉÎ ÌÏÎÇÉÔÕÄÉÎÁÌ ÄÉÒÅÃÔÉÏÎȟ ×ÉÔÈÏÕÔ ÒÅÁÃÈÉÎÇ ÔÈÅ ÐÏÓÉÔÉÏÎ ÏÆ ÔÈÅ ÔÏÐ ПÌÁÎÇÅ ÏÆ ÔÈÅ ÓÔÅÅÌ 
ÂÅÁÍÓȢ -ÏÒÅÏÖÅÒȟ ÔÈÅ ÃÒÁÃËÓ ÕÎÄÅÒÎÅÁÔÈ ÔÈÅ ÓÐÅÃÉÍÅÎ ÈÁÄ ÇÒÏ×Î ÁÎÄ ÂÅÃÁÍÅ ÍÏÒÅ ÖÉÓÉÂÌÅȢ 4ÈÅ 
ς$ ÁÎÄ σ$ $)# ÁÔ ρςφχ Ë. ÉÓ ÓÈÏ×Î ÁÔ &ÉÇȢσȢςω ÁÎÄ &ÉÇȢσȢσπȢ  
 

 
Fig.3.29. LB3. Point B ï Principal strain field Ů1- Yielding starts at beam 3 (Ptotal=1267 kN). 2D DIC 
from the north side. 

 
Fig.3.30. LB3. Point B ï Principal strain field Ů1- Bottom surface of the concrete -Yielding starts 
(Ptotal=1267 kN). 3D DIC from underneath the specimen. 

 
7ÈÅÎ ÔÈÅ ÍÁØÉÍÕÍ ÄÉÓÐÌÁÃÅÍÅÎÔ ÒÁÎÇÅ ×ÁÓ ÁÃÈÉÅÖÅÄ ÁÔ ρτςφ Ë.ȟ ÐÏÉÎÔ # ÆÒÏÍ &ÉÇȢσȢςσȟ ÔÈÅ ς$ 
$)# ÓÈÏ×ÅÄ ÔÈÁÔ ÔÈÅ ПÌÅØÕÒÁÌ ÃÒÁÃËÓ ÈÁÄ ÐÒÏÐÁÇÁÔÅÄ ÔÏ ÁÐÐÒÏØÉÍÁÔÅÌÙ ÔÈÅ ÐÏÓÉÔÉÏÎ ÁÔ ÔÈÅ ÔÏÐ ПÌÁÎÇÅ 
ÏÆ ÔÈÅ ÓÔÅÅÌ ÂÅÁÍÓȟ ×ÈÉÃÈ ÉÓ ÓÈÏ×Î ÁÔ &ÉÇȢσȢσρȢ 
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Fig.3.31. LB3. Point C ïPrincpal strain field Ů1- max load before first unloading (Ptotal=1426 kN). 2D 
DIC from the north side. 

!Ô ρτςφ Ë.ȟ ÔÈÅ ÓÐÅÃÉÍÅÎ ×ÁÓ ÕÎÌÏÁÄÅÄ ÔÏ π Ë.ȟ ÐÏÉÎÔ $ ÆÒÏÍ &ÉÇȢσȢςσȟ ÔÏ ÉÎÃÒÅÁÓÅ ÔÈÅ 
ÄÉÓÐÌÁÃÅÍÅÎÔ ÒÁÎÇÅ ÆÕÒÔÈÅÒȢ &ÒÏÍ ÔÈÅ ÕÎÌÏÁÄÉÎÇ ÁÎ ÉÒÒÅÖÅÒÓÉÂÌÅ ÖÅÒÔÉÃÁÌ ÄÅÆÏÒÍÁÔÉÏÎ ÏÆ ÔÈÅ 
ÓÐÅÃÉÍÅÎ ×ÁÓ ÏÂÓÅÒÖÅÄȟ ×ÈÉÃÈ ÓÈÏ×ÅÄ ÔÈÅ ÐÌÁÓÔÉÃ ÂÅÈÁÖÉÏÕÒ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎȟ ÔÈÉÓ ÃÁÎ ÂÅ ÓÅÅÎ 
ÆÒÏÍ &ÉÇȢσȢςσȢ !Ô π Ë. ÔÈÅ ÖÅÒÔÉÃÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎ ×ÁÓ ÃÌÏÓÅ ÔÏ ÔÈÅ ÖÅÒÔÉÃÁÌ 
ÄÉÓÐÌÁÃÅÍÅÎÔ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎ ×ÈÅÎ ÃÒÁÃËÉÎÇ ПÉÒÓÔ ÏÃÃÕÒÒÅÄȟ ÓÅÅ &ÉÇȢσȢσςȢ &ÏÌÌÏ×ÉÎÇ ÔÈÅ ÕÎÌÏÁÄÉÎÇ 
ÔÏ π Ë.ȟ ÔÈÅ ÓÐÅÃÉÍÅÎ ×ÁÓ ÌÏÁÄÅÄ ÁÇÁÉÎȟ ÂÕÔ ×ÉÔÈÏÕÔ ÔÈÅ ÏÐÔÉÃ ПÉÂÅÒÓ ÁÎÄ ς$ ÁÎÄ σ$ $)#ȟ ÈÅÎÃÅ 
ÔÈÅÓÅ ×ÉÌÌ ÎÏÔ ÂÅ ÉÎÃÌÕÄÅÄ ÉÎ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÄÅÓÃÒÉÐÔÉÏÎȢ 
 
7ÈÅÎ ÔÈÅ ÌÏÁÄ ÁÇÁÉÎ ÒÅÁÃÈÅÄ ρτςφ Ë.ȟ ÐÏÉÎÔ % ÆÒÏÍ &ÉÇȢσȢςσȟ ÔÈÅ ÖÅÒÔÉÃÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ÁÔ ÍÉÄȤ
ÓÐÁÎ ÈÁÄ ÉÎÃÒÅÁÓÅÄ ÂÙ ÁÐÐÒÏØÉÍÁÔÅÌÙ ςπ ÍÍȟ ÃÏÍÐÁÒÅÄ ÔÏ ×ÈÅÎ ÉÔ ÒÅÁÃÈÅÄ ρτςφ Ë. ÂÅÆÏÒÅ ÔÈÅ 
ÕÎÌÏÁÄÉÎÇȟ ÐÏÉÎÔ # ÆÒÏÍ &ÉÇȢσȢςσȟ ×ÈÉÃÈ ÃÁÎ ÂÅ ÓÅÅÎ ÁÔ &ÉÇȢσȢσς ÆÏÒ ÌÁÓÅÒ φ ÁÎÄ ωȢ !Ó ÃÁÎ ÂÅ ÓÅÅÎ 
ÆÒÏÍ ÔÈÅ ПÉÇÕÒÅ ÔÈÅ ÒÅÓÐÏÎÓÅ ÉÓ ÎÏÔ ÐÅÒÆÅÃÔÌÙ ÓÙÍÍÅÔÒÉÃȟ ÂÕÔ ÔÈÅ ÄÉÆÆÅÒÅÎÃÅ ÉÓ ÓÍÁÌÌȟ ÔÈÉÓ ÉÓ ÂÅÃÁÕÓÅ 
ÔÈÅ ÓÐÅÃÉÍÅÎȭÓ ÃÒÏÓÓ ÓÅÃÔÉÏÎ ÈÁÓ ÓÍÁÌÌ ÖÁÒÉÁÔÉÏÎÓ ÏÖÅÒ ÔÈÅ ÌÅÎÇÔÈȢ  
 

 
Fig.3.32. LB3. Vertical displacements under beam 3 at different load levels (Point A-F) for laser 3, 6, 9 
and 12. X, distance to the support, versus the total vertical displacement.  
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"ÅÔ×ÅÅÎ ρτςφ Ë. ÁÎÄ ρτωτ Ë.ȟ ÐÏÉÎÔ & ÆÒÏÍ &ÉÇȢσȢςσȟ ÔÈÅ ÖÅÒÔÉÃÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ÍÅÒÅÌÙ ÉÎÃÒÅÁÓÅÄ 
×ÉÔÈ σ ÍÍ ÍÅÁÓÕÒÅÄ ÆÒÏÍ ÌÁÓÅÒ φ ÁÎÄ ωȢ 4ÈÅ ÖÅÒÔÉÃÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ÉÎÃÒÅÁÓÅÄ ÌÉÎÅÁÒÌÙ ×ÉÔÈ 
ÉÎÃÒÅÁÓÉÎÇ ÌÏÁÄ ÄÕÒÉÎÇ ÔÈÅ ÒÅÌÏÁÄÉÎÇȟ ÔÉÌÌ ÔÈÅ ÓÐÅÃÉÍÅÎ ÆÁÉÌÅÄ ÁÔ ρτωτ Ë.ȟ  
 
&ÏÌÌÏ×ÉÎÇ ÔÈÅ ÆÁÉÌÕÒÅȟ ÃÒÕÓÈÉÎÇ ÏÃÃÕÒÒÅÄ ÁÔ ÔÈÅ ÔÏÐ ÌÁÙÅÒ ÏÆ ÔÈÅ ÃÏÎÃÒÅÔÅȟ ÓÅÅ &ÉÇȢσȢσσȢ 
  

 
Fig.3.33. LB3. Mid-span from south side after testing showing cracks and crushing. 

 
!Ô ÆÁÉÌÕÒÅ ,6$4 ρ ÁÎÄ ς ×ÅÒÅ ÁÃÔÉÖÁÔÅÄȟ ×ÈÅÒÅÁÓ ,6$4 σ ÁÎÄ τ ×ÅÒÅ ÁÌÍÏÓÔ ÃÏÎÓÔÁÎÔ ÔÈÒÏÕÇÈÏÕÔ 
ÔÈÅ ÅÎÔÉÒÅ ÔÅÓÔÉÎÇȟ ÓÅÅ &ÉÇȢσȢστȢ )Î ÁÄÄÉÔÉÏÎȟ ,6$4 ρρȤρτ ÍÅÁÓÕÒÉÎÇ ÒÅÌÁÔÉÖÅ ÌÏÎÇÉÔÕÄÉÎÁÌ 
ÄÉÓÐÌÁÃÅÍÅÎÔ ÁÔ ÔÈÅ ÅÎÄ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎȟ ×ÅÒÅ ÎÏÔ ÁÃÔÉÖÁÔÅÄȟ ÉÎÄÉÃÁÔÉÎÇ ÔÈÁÔ ÎÏ ÓÌÉÐ ÏÃÃÕÒÒÅÄȢ  

 
Fig.3.34. LB3. Point A-F for LVDT 1-4. Relative longitudinal displacement between steel and concrete 
versus X, the distance to the support.  

 
4ÈÅ ÌÏÁÄ ÄÉÓÔÒÉÂÕÔÉÏÎ ÁÍÏÎÇ ÔÈÅ ÔÈÒÅÅ ÂÅÁÍÓ ÃÁÎ ÂÅ ÏÂÔÁÉÎÅÄ ÂÙ ÁÎÁÌÙÚÉÎÇ ÔÈÅ ÌÏÁÄ ÃÅÌÌÓ 
ÍÅÁÓÕÒÅÍÅÎÔÓ )Ô ×ÁÓ ÏÂÓÅÒÖÅÄ ÔÈÁÔ ÔÈÅ ÍÉÄÄÌÅ ÂÅÁÍ ÃÁÒÒÉÅÄ Á ÍÕÃÈ ÈÉÇÈÅÒ ÐÏÒÔÉÏÎ ÏÆ ÔÈÅ ÌÏÁÄÓȢ 
3ÅÅ &ÉÇȢ σȢσυ ÁÎÄ &ÉÇȢ σȢσφ&ÉÇȢ σȢςπȢ -ÏÒÅÏÖÅÒ ÔÈÅ ÒÅÓÐÏÎÓÅ ÉÓ ÎÏÔ ÓÙÍÍÅÔÒÉÃ ÏÎ ÔÈÅ ÌÏÎÇÉÔÕÄÉÎÁÌ 
ÄÉÒÅÃÔÉÏÎȢ 
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Fig. 3.35 -  LB3 - Reaction force from load cells versus total load for load cell 1-3, west side 

 
Fig. 3.36 - LB3 - Reaction force from load cells versus total load for load cell 4-6, east side 

 
/Î ÔÈÅ ÔÒÁÎÓÖÅÒÓÅ ÄÉÓÐÌÁÃÅÍÅÎÔÓ ÏÆ ÔÈÅ ÂÅÁÍÓȟ ÉÔ ×ÁÓ ÏÂÓÅÒÖÅÄ ÔÈÁÔ "ÅÁÍ σ ɉÎÏÒÔÈÅÒÎ ÂÅÁÍɊ 
ÅØÐÅÒÉÅÎÃÅÄ Á ÂÉÇÇÅÒ ÔÒÁÎÓÖÅÒÓÅ ÄÉÓÐÌÁÃÅÍÅÎÔ ÒÅÌÁÔÉÖÅ ÔÏ ÔÈÅ ÍÉÄÄÌÅ ÔÈÁÎ "ÅÁÍ ρ ɉÓÏÕÔÈÅÒÎ 
ÂÅÁÍɊȢ 4ÈÉÓ ÃÁÎ ÂÅ ÓÅÅÎ ÏÎ ÔÈÅ ÍÅÁÓÕÒÅÍÅÎÔÓ ÏÆ ,6$4Ó υ ÁÎÄ φ ɉ,6$4Ó χȤρπ ÓÈÏ×ÅÄ Á ÓÉÍÉÌÁÒ 
ÂÅÈÁÖÉÏÒɊȟ ÓÅÅ &ÉÇȢ σȢσχȢ 
 
2ÅÇÁÒÄÉÎÇ ÔÈÅ ÖÅÒÔÉÃÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔȟ ÏÎ Á ÓÅÃÔÉÏÎ ÌÏÃÁÔÅÄ ÕÎÄÅÒ ÔÈÅ ÌÏÁÄ ÉÔ ÃÁÎ ÂÅ ÓÅÅÎȟ &ÉÇȢ σȢσψ ȟ 
ÔÈÁÔ ÂÅÁÍ σ ÈÁÄ Á ÓÌÉÇÈÔÌÙ ÂÉÇÇÅÒ ÄÉÓÐÌÁÃÅÍÅÎÔ ÔÈÁÎ ÂÅÁÍ ρȟ ÁÎÄ ÔÈÁÔ ÔÈÅ ÂÉÇÇÅÓÔ ÄÉÓÐÌÁÃÅÍÅÎÔ 
×ÁÓ ÕÎÄÅÒ ÔÈÅ ÂÅÁÍ σȢ 
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Fig. 3.37 - LB3 - Relative transverse displacements from the outer beams measured from the bottom 
flange. 

 

 
Fig. 3.38 - LB3 - Vertical displacement transverse distribution between the three steel beams for 
different load stages (A-F). Measurements from Lasers 4, 5 and 6. 

 
/ÔÈÅÒ ÒÅÓÕÌÔÓ ÆÒÏÍ ÔÈÅ ÔÅÓÔ ÆÏÒ ÌÏÁÄ ÃÅÌÌÓȟ ÏÐÔÉÃ ПÉÂÅÒÓȟ ÌÁÓÅÒÓȟ ,6$4Óȟ ς$ $)# ÁÎÄ σ$ $)# ÁÒÅ 
ÒÅÓÐÅÃÔÉÖÅÌÙ ÓÈÏ×Î ÁÔ !ÎÎÅØ ' ÔÏ ,Ȣ 
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4.  CONCLUSION 

4.1.  SPECIMEN LB1 

4ÈÅ ÍÁÉÎ ÏÂÓÅÒÖÅÄ ÐÈÅÎÏÍÅÎÁ ÄÕÒÉÎÇ ÔÈÅ ÔÅÓÔ ÏÆ ÓÐÅÃÉÍÅÎ ,"ρ ÁÒÅ ÓÕÍÍÁÒÉÚÅÄ ÉÎ ÔÈÅ 
ÆÏÌÌÏ×ÉÎÇȢ 
Ȥ &ÉÒÓÔ ÃÒÁÃËÉÎÇ ÏÃÃÕÒÒÅÄ ÁÔ Á ÌÏÁÄ ÌÅÖÅÌ ÏÆ ὖ ȟ ψυπ Ὧὔȟ ПÌÅØÕÒÁÌ ÖÅÒÔÉÃÁÌ ÃÒÁÃËÓ 

ÏÃÃÕÒÒÅÄ ÁÔ ÍÉÄȤÓÐÁÎȢ 
Ȥ &ÉÒÓÔ ÙÉÅÌÄÉÎÇ ÏÆ ÔÈÅ ÓÔÅÅÌ ÂÅÁÍÓ ×ÁÓ ÏÂÓÅÒÖÅÄ ÁÔ Á ÌÏÁÄ ÌÅÖÅÌ ÏÆ ὖ ȟ  ρττχ ὯὔȢ 

Ȥ 4ÈÅ ÍÁØÉÍÕÍ ÌÏÁÄ ÌÅÖÅÌ ×ÁÓ ὖ ȟ ρχτφ Ὧὔ  

Ȥ 4ÈÅ ÌÏÁÄ ÄÉÓÔÒÉÂÕÔÉÏÎ ÓÈÏ×ÅÄ ÔÈÁÔ ÔÈÅ ÍÉÄÄÌÅ ÂÅÁÍ ÃÁÒÒÉÅÄ Á ÈÉÇÈÅÒ ÐÏÒÔÉÏÎ ÏÆ ÔÈÅ ÌÏÁÄ 
ÃÏÍÐÁÒÅÄ ÔÏ ÔÈÅ ÏÕÔÅÒ ÂÅÁÍÓȢ 

Ȥ "ÅÁÍ ρ ÅØÐÅÒÉÅÎÃÅÄ Á ÓÕÄÄÅÎ ÇÒÏ×ÔÈ ÏÆ ÔÈÅ ÔÒÁÎÓÖÅÒÓÅ ÄÉÓÐÌÁÃÅÍÅÎÔ ÂÅÆÏÒÅ ÆÁÉÌÕÒÅȢ 
Ȥ 4ÈÅ ÓÔÅÅÌ ÂÅÁÍÓ ÙÉÅÌÄÅÄ ÏÎ ÁÎ ÁÐÐÒÏØÉÍÁÔÅÄ ÌÅÎÇÔÈ ÏÆ ς Íȟ ÌÏÃÁÔÅÄ ÏÎ ÔÈÅ ÃÅÎÔÒÁÌ ÐÁÒÔ ÏÆ ÔÈÅ 
ÂÅÁÍÓȢ 

Ȥ &ÌÅØÕÒÁÌ ÃÒÁÃËÓ ÓÔÏÐÐÅÄ ÁÔ ÔÈÅ ÌÅÖÅÌ ÏÆ ÔÈÅ ÔÏÐ ПÌÁÎÇÅ ÏÆ ÔÈÅ ÓÔÅÅÌ ÂÅÁÍÓȢ -ÏÒÅÏÖÅÒȟ Á 
ÌÏÎÇÉÔÕÄÉÎÁÌ ÃÒÁÃË ÏÎ ÔÈÅ ÂÏÔÔÏÍ ÓÕÒÆÁÃÅ ÏÆ ÃÏÎÃÒÅÔÅȟ ÓÐÅÃÉПÉÃÁÌÌÙ ÏÎ ÔÈÅ ÃÏÒÎÅÒ ÏÆ ÔÈÅ 
ÔÒÁÐÅÚÏÉÄÁÌ ÓÈÁÐÅȟ ÐÒÏÐÁÇÁÔÅÄ ÔÈÒÏÕÇÈ ÔÈÅ ÃÏÍÐÌÅÔÅ ÌÅÎÇÔÈ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎȢ 

Ȥ !ÆÔÅÒ ÙÉÅÌÄÉÎÇ ÏÆ ÔÈÅ ÂÅÁÍÓȟ Á ÓÕÄÄÅÎ ÌÏÓÓ ÏÆ ÔÈÅ ÃÁÐÁÃÉÔÙ ×ÁÓ ÅØÐÅÒÉÅÎÃÅÄ ÄÕÅ ÔÏ ÆÁÉÌÕÒÅ ÏÆ 
ÔÈÅ ÉÎÔÅÒÆÁÃÅ ÂÅÔ×ÅÅÎ ÓÔÅÅÌ ÂÅÁÍ ρ ÁÎÄ ÔÈÅ ÁÄÊÁÃÅÎÔ ÃÏÎÃÒÅÔÅȢ 

Ȥ 4ÈÅ ÉÎÔÅÒÆÁÃÅ ÆÁÉÌÕÒÅ ÐÒÏÐÁÇÁÔÅÄ ÔÏ ÔÈÅ ÓÕÐÐÏÒÔÓȟ ×ÈÅÒÅ ÔÈÅ ÂÅÁÍÓ ÄÅÔÁÃÈÅÄ ÆÒÏÍ ÔÈÅ 
ÁÄÊÁÃÅÎÔ ÃÏÎÃÒÅÔÅ ÉÎ ÁÄÄÉÔÉÏÎ ÔÏ ×ÉÄÅ ÃÒÁÃËÓȢ 

Ȥ 4ÈÅ ÆÁÉÌÕÒÅ ÍÏÄÅ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎ ×ÁÓ ÂÅÎÄÉÎÇ ÄÕÅ ÔÏ ÙÉÅÌÄÉÎÇ ÏÆ ÔÈÅ ÓÔÅÅÌ ÂÅÁÍÓȟ ÆÏÌÌÏ×ÅÄ 
ÂÙ Á ÒÅÄÕÃÔÉÏÎ ÏÆ ÔÈÅ ÄÕÃÔÉÌÉÔÙ ÏÆ ÔÈÅ ÅÌÅÍÅÎÔ ÄÕÅ ÔÏ ÉÎÔÅÒÆÁÃÅ ÆÁÉÌÕÒÅȢ  

4.2.  SPECIMEN LB3   

4ÈÅ ÍÁÉÎ ÏÂÓÅÒÖÅÄ ÐÈÅÎÏÍÅÎÁ ÄÕÒÉÎÇ ÔÈÅ ÔÅÓÔ ÏÆ ÓÐÅÃÉÍÅÎ ,"σ ÁÒÅ ÓÕÍÍÁÒÉÚÅÄ ÉÎ ÔÈÅ 
ÆÏÌÌÏ×ÉÎÇȢ 
Ȥ &ÉÒÓÔ ÃÒÁÃËÉÎÇ ÏÃÃÕÒÒÅÄ ÁÔ Á ÌÏÁÄ ÌÅÖÅÌ ÏÆ ὖ ȟ φυπ Ὧὔȟ ПÌÅØÕÒÁÌ ÖÅÒÔÉÃÁÌ ÃÒÁÃËÓ 

ÏÃÃÕÒÒÅÄ ÁÔ ÍÉÄȤÓÐÁÎȢ 
Ȥ &ÉÒÓÔ ÙÉÅÌÄÉÎÇ ÏÆ ÔÈÅ ÓÔÅÅÌ ÂÅÁÍÓ ×ÁÓ ÏÂÓÅÒÖÅÄ ÁÔ Á ÌÏÁÄ ÌÅÖÅÌ ÏÆ ὖ ȟ  ρςφχ ὯὔȢ 

Ȥ 4ÈÅ ÍÁØÉÍÕÍ ÌÏÁÄ ÌÅÖÅÌ ×ÁÓ ὖ ȟ ρτωτ Ὧὔ  

Ȥ 4ÈÅ ÌÏÁÄ ÄÉÓÔÒÉÂÕÔÉÏÎ ÓÈÏ×ÅÄ ÔÈÁÔ ÔÈÅ ÍÉÄÄÌÅ ÂÅÁÍ ÃÁÒÒÉÅÄ Á ÈÉÇÈÅÒ ÐÏÒÔÉÏÎ ÏÆ ÔÈÅ ÌÏÁÄ 
ÃÏÍÐÁÒÅÄ ÔÏ ÔÈÅ ÏÕÔÅÒ ÂÅÁÍÓȢ 

Ȥ 4ÈÅ ÉÎÔÅÒÆÁÃÅ ÂÅÔ×ÅÅÎ ÔÈÅ ÂÏÔÔÏÍ ПÌÁÎÇÅ ÏÆ ÔÈÅ ÓÔÅÅÌ ÂÅÁÍÓ ÁÎÄ ÔÈÅ ÁÄÊÁÃÅÎÔ ÃÏÎÃÒÅÔÅ ×ÁÓ 
ÏÎÌÙ ÁÃÔÉÖÁÔÅÄ ÏÎ Á ÓÍÁÌÌ ÒÅÇÉÏÎ ÎÅÁÒ ÔÈÅ ÌÏÁÄ ÁÐÐÌÉÃÁÔÉÏÎ ÐÏÉÎÔȢ  

Ȥ .Ï ÉÎÔÅÒÆÁÃÅ ÆÁÉÌÕÒÅ ×ÁÓ ÏÂÓÅÒÖÅÄȢ 
Ȥ 4ÒÁÎÓÖÅÒÓÅ ÄÉÓÐÌÁÃÅÍÅÎÔÓ ÏÆ ÔÈÅ ÏÕÔÅÒ ÂÅÁÍÓ ÒÅÌÁÔÉÖÅ ÔÏ ÔÈÅ ÍÉÄÄÌÅ ÂÅÁÍÓ ×ÅÒÅ ÍÅÁÓÕÒÅÄ 
ÂÕÔ ÄÉÓÐÌÁÃÅÍÅÎÔ ÒÅÍÁÉÎÅÄ ÓÍÁÌÌ ÃÏÍÐÁÒÅÄ ÔÏ ÓÐÅÃÉÍÅÎ ,"ρȢ 

Ȥ (ÏÒÉÚÏÎÔÁÌ ÃÒÁÃËÓ ×ÅÒÅ ÁÌÓÏ ÏÂÓÅÒÖÅÄ ÁÔ ÍÉÄȤÓÐÁÎ ÏÎ ÔÈÅ ÔÏÐ ÌÁÙÅÒ ÏÆ ÃÏÎÃÒÅÔÅȟ ÓÈÏ×ÉÎÇ 
ÉÎÉÔÉÁÔÉÏÎ ÏÆ ÃÒÕÓÈÉÎÇȢ 

Ȥ 4ÈÅ ÆÁÉÌÕÒÅ ÍÏÄÅ ÏÆ ÔÈÅ ÓÐÅÃÉÍÅÎ ×ÁÓ ÂÅÎÄÉÎÇ ×ÉÔÈ ÃÏÎÃÒÅÔÅ ÃÒÕÓÈÉÎÇ ÏÎ ÔÈÅ ÔÏÐ ÌÁÙÅÒȢ 
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A.  LOAD CELLS- LB1 

 
Fig A.1. LB1. Reaction force from load cells versus total load for load cell 1-3.  

 
Fig A.2. LB1. Reaction force from load cells versus total load for load cell 1-3. 
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B.   OPTIC FIBERS - LB1 

 

 
Fig B.1. LB1. Concrete strain versus total load for FO-C1-1 to FO-C1-7 at beam 1.  

 
Fig B.2. LB1. Concrete strain versus total load for FO-C2-1 to FO-C2-7 at beam 2. 
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Fig B.3. LB1. Concrete strain versus total load for FO-C3-1 to FO-C3-7 at beam 3. 

 
Fig B.4. LB1. Steel strain versus total load for FO-S1-1 to FO-S1-7 at beam 1. FO-S1-4 has been 
linearized around 800 kN because it fell out of range.  
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Fig B.5. LB1. Steel strain versus total load for FO-S2-1 to FO-S2-6 and LVDT 15 at beam 2. FO-S2-7 
broke during preparation of LB1 and was replaced by LVDT 15.  FO-S2-3 and FO-S2-4 fell out of 
range during testing, so the measurement stopped when they reached their maximum strain.  

 

 
Fig B.6. LB1. Steel strain versus total load for FO-S3-1 to FO-S3-7. FO-S3-3 has been linearized and 
stopped where it reaches its maximum strain. FO-S3-4 fell out of range for a long time and the 
results from where it fell out of range have been removed.  
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Fig B.7. LB1. Strain versus load for LVDT 15, that is replacing FO-S2-7. 

 
Fig B.8. LB1. Point A - Cracking starts (Ptotal=850 kN). X, the position of the optic fibers from the 
support, versus the strain measured for optic fibers above and below beam 1.  
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Fig B.9. LB1. Point C - Maximum load before the specimen was unloaded to relax the optic fibers 
(Ptotal=1700 kN).   X, the position of the optic fibers from the support, versus the strain measured for 
optic fibers above and below beam 1. FO-S1-4 fell out of range.  

 

 
Fig B.10. LB1. Point D - Unloading to relax optic fibers before reloading (Ptotal=50 kN). X, the 
position of the optic fibers from the support, versus the strain measured for optic fibers above and 
below beam 1. FO-S1-4 fell out of range. 


























































































