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Abstract 

This project was performed as part of the Structural Analysis courses 
in order to compare theoretical results of the response of simple structures 
with the experimental results obtained at the Structures Engineering 
Laboratory of the Department of Civil Engineering. The paper presents a 
comparative analysis between theoretical and experimental response of a 
simple truss structure subjected to static loads. The variables selected to 
describe the response were displacements and strains. 

The experimental results were obtained instrumenting a large scale 
truss with strain gauges and micrometers, and applying a sequence ot static 
loads by means of hydraulic activators. The geometry of the truss and the 
cross sectional properties were measured in order to obtain the theoretical 
results by means of the virtual work analysis and by the stiffness method 
based on computer programs. 
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Sinopsis 

Este proyecto se desarrollo para comparar la teorla ensenada en los 
cursos de analisis estructural con los resultados obtenidos en el Laboratorio 
de Estructuras. El articulo presenta un analisis coinparativo entre la teoria 
y los resultados experimentales de una estructura que actua como cercha. 
Las variables seleccionadas para el desarrollo del proyecto fueron 
desplazamientos y deformaciones. 

Los valores experimentales se obtuvieron implementando una cercha 
a escala natural con deformadores y micrometros y aplieando una carga 
puntual en incrementos de 2kN por medio de un sistema hidraulico. Se 
midieron la geometria de la cercha y las propiedades seccionales para obtener 
los resultados teoricos por medio del analisis de trabajo virtual y por el 
metodo de rigidez a traves de programas de computadora. 

Introduction 

One of the most difficult tasks of the engineer is to create a model that 
represents the real conditions of a system that he or she wants to reproduce. 
Civil engineers throughout the years have created a series of structures used 
in laboratories to recreate the real conditions. This work presents the analysis 
of one of the models used to recreate the conditions of a taiss. This model 
was designed to act as a truss, however it is a frame because the joints are 
welded instead of pin connected. This truss was subjected to loads acting at 
the center of the structure. Joints A. C and E in figure 1 were selected as 
representative nodes of the structure, dial gauge readings were taken at these 
nodes. Members 6, 11 and 12 in figure 1 were also selected as representative 
of all the members of the structure. Strain gauges were placed at these 
members in order to obtain representative strains of the structure. 
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Figure 1. Planar truss 

At nodes A and E dial gauges were located in order to measure 
horizontal and vertical displacements of the truss. A dial gauge was located 
at node C to measure the vertical displacement. The objective of these dial 
gauges was the measurement of the net vertical displacement ot the node C 
and the net horizontal displacement at node A. The floor of the laboratory 
was the reference for all the dial gauges. 

The net vertical displacement of the node C (Avc) is found using 
equation (1) 

A = 5 - TLU7 (I) 
vc c  o 
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where: 

5C = reading of vertical dial gauge at node C 

5a = reading of vertical dial gauge at node A 

5e = reading of vertical dial gauge at node E 

The net horizontal displacement of the node A is given by equation (2) 

AHA &HE (2) 

where: 

5ha - reading of horizontal dial gauge at node A (positive at left) 

5fE = reading of horizontal dial gauge at node E (positive at left) 

In the experiment V was at left and 8^ was at right, then; 

AM - ' 5HA ®he ' (3) 

resnectivelvt ! 0ne stram sauSc was located (S.G. 1 and S.G.3, 
(fia 11 In m f rral 3X1S °f eaCh section> and at the center of the bar 
The s r dme"*er 6'two stram gauges were located (S.G. 2 and S.G. 4). 

fiber ofthe C3ted 3t neUtra' 3xis 0f the sect,on and S.G. 2 at the top tiner ot the same section (fig. 1). 

EauinmpL'!fUreS Ofvtrain 8aUgeS ™re done dircctly with Data Acquisition 
a hX he T m 8UrC 2' ThC Wrtical ,oad applied at node G with 
apnhtd nnVXvT8I ^ a Capacit>'of 300 loads were pphed up to 40 kN with an increment of 2 kN. 
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Figure 2. Planar truss with dial and strain gauges attached 

The horizontal and vertical displacement of joints A and E and vertic 
£ISP acemcnt at C and strain of members 6, 11 and 12 of the planar truss 
'gure I were determined for an increment load of 2kN each time uni 

^aching 40kN. The virtual work method 1 was used to obtain the joii 
1SP acement (table 1). The strain gauges readings were compared with ti 

Hibbeler. R.C., 1995, "Structural Analysis", Prentice Hall, 3rd. 
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member"^1 ^ W'th t,,e Joint metllod ^ theoretical strain of 
the bp rf u COmbininSthc strains caused by axial forces and 
the bending moment obtained using "FRAME"2 computer nrosram To :̂ :!t™iFRAME"the joims were c°nsidered - *ssxrto £ 
Member 

Table 1. Virtual work method- P=40kN. AE=95 

AB 
AH 
GF 
HG 
FE 
ED 
DF 
DC 
DB 
BH 
GC 
HC 
CF 

nfkN] 

1 
3 
2 
4 
5 
1-3 
6 
7 
9 
11 
1 0  
12 

0.499 
-0.707 
-0.999 
-0.999 
-0.707 
0.499 
0 
0.499 
0.499 
0 
0 
0.707 
0.707 

N fkNJ 

20 
-28.28 
-40 
-40 
-28.28 
20  
0 
20 
20 
0 
40 
28.28 
28.28 

95530 kN 
L | mm | 

900 
1273 
900 
900 
1273 
900 
900 
900 
900 
900 
900 
1273 
1273 

nNL 
(kNrnm) 
8982 
25452 
35964 
35964 
25452 
8982 
0 
8982 
8982 
0 
0 
25452 
25452 
209665 

Equation (3) was used with virtual work method 

1 • A . £ n N L 
A E 

where: 

(4) 

1 external virtual unit load acting on the truss joint in the stated 

Pesquera. C.I., 1992, "Frame Software", V 1.80 
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direction of D 

A = external joint displacement caused by the real loads on the truss 

n = internal virtual normal force in a truss member caused by the 
external virtual unit load applied at the location and the direction 
of the desired displacement 

N = internal normal force in a truss member caused by the real loads 

L = length of a member 

A = cross-sectional area of a member 

E = modulus of elasticity of a member obtained from HPM. 6/I3 

Equation (5) was used to compute the strain of members 1, 3 and 4 

where: 
8 = normal strain of a member 

P = internal resultant normal force acting on the ccntroid of the 
cross-sectional area of a member 

A = cross-sectional area of a member 

"HI-TECH Instruction Manual HPM. 6/1, Issue L Plane 
'fames, January 
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E modulus of elasticity of a member obtained from HPM. 6/13 

by us^rXl reSU',S °f Strai" gaU8C 2 31 the member 6 was obtaincd 

forces and tl T eqUat'°n thc disPlac™ caused bv axial 
forces and the displacements from the bending moment were combined: 

a - -L+ML 
AE IE («> 

where: 

M the resultant internal moment, obtained from "FRAME" 

Y - the perpendicular distance from the neutral axis to the end of a 
member 

HPM0^/^ 0^nert,a dlc cross"sectional area obtained from 

Instrumentation 

strainsanH^ic 1**"*^phm*tnBSwith the^"P^nt used to measure the 
ot the truss properly indicated. The strain gauges 

members- thp SC^era membcrs of the truss to measure the strain of said 
Equinment ta^en vv'dl ^ie use of the Data Acquisition 
measured with T ,VeitICa aJld ll0riZ0ntal displacements of the truss were 
The externil I ia SauSes tiat were placed on the lower nodes of the truss. 
Figure 3 shew °3 a^''ed a Jac^ a"d a hvdraulic hand pump. 
Figure 3 shows a a student team applying load and taking readings. 

Discussion of results 

welded iohittV'n^o ̂ |C StIuctllra' ana'ysis of the frame, considering the 
welded joints. Table 2 shows the results from the dial readings and table 3 
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shows the strain gauge readings and the error percentages. Figure 5 shows 
the behaviour of load versus displacement of joint C and figures 6 to 9 show 
the plots of load versus strain for the different strain gauges. 

Hie error percentages observed at strain gauge 3 in table 3 and figure 
were so low because of the direct load applied to member 11 shown in 

'Sure J Strain gauge 4 was placed on member 6, high error percentages 
^ere observed at this member up to a load of 10 kN due to an initial 
adjustment of the truss members. After the load of 10 kN the error 
Percentages decreased (table 3). Strains at member 6, obtained from strain 

Figure 3. Student team applying load and taking readings. 
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EterTof'li?obtained « ate, 
r : r • — » — « < > < * •  - *  member where strain gauge 2 was placed 

reading ^'T, ̂  'hC e™rS are hiSher in thc stra,n gauge 
aSld m^nt r & d'ai g3Uge rcad'n8s The strain are sensitive to the 
™ers  ̂418 U'3S "0t mCaSUred d'rect,y the truss 
6/13 It ; ,ifr !°"al properties were obtained from the manual HPM 

where th^ fI ^ of inertia at *» exact place 
moment of inert "trif We?,p,aced'the equipment needed to calculate the 
avadaWe m ™ °f'h°"°W member of the truss ™s "ot 

" Jdt, ir ? °rat00'- Th° the°retical dial Sa"Se readings for 
of the truss is used Th" S Ca,Clllated llsinS equation 1, in which the area 
tire stmm 7* T' percen,aSes of "'e d'a' gauges were lower than 
trass instead nfS P T <he dial W a" —age area of the 
trass instead of usmg the exact area in which the dial gauges were placed. 

were cJcuhi^T'03' d'3' S!U'Se readmgs for tlle horizontal displacements 
Z Zt^J Y TS eqm'°" 2; thC5e readi"Ss were s''ghtlv higher than 
20 STT T"f- Pr0d"CmS M OTOr 0f 25 % for '°ad's higher than 
d olacinJ^, T?g IT" °" the tniss suPPorts held the trass fton, 
horizonml ^ ^than 20 kN The theoretica] reading for the 
—"Syz"' * * "* "*• 075 - - - «*i— 

Possible sources of errors 

themaninlSW\/faifir°PertieS tflC mem^crs vvere obtained directlv from 
J by th° SUpP,ier of £he structures laboratoiy 

values Thr S eCtS comPa"son between theoretical and experimental 
must be nhf01116^- ° In,enia at tile stra,n Sai|ges was approximated and 
difficult tn ^Tne. in ? t0 adjl,St the error deviation «p t0 ± 5%. It is 
member her I f f moment of incrtia at the middle of the hollow 

bCCauSe ,ack of Equate equipment in the stmctures laboratory. 
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The hydraulic loading system presented an error of ± 5% as shown 
in its reference manual HPM. 6/1. 

P 
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Figure 4. Structural analysis of the frame considering welded 
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Figure 5. Load vs displacement of joint C 
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LOAD vs. STRAIN (STRAIN GAUGE 1) 

"Theoretical 

"Experimental 

"Fitting of 
Experimental 

Figure 7. Load vs strain gauge #2 

Figure 6. Load vs strain gauge #1 

LOAD vs. STRAIN (STRAIN GAUGE 2) 

-Theoretical 

-Experimental 

"Fitting of 
Experimental 
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Figure 8. Load vs strain gauge #3 

LOAD vs.  STRAIN (STRAIN GAUGE 3) 

-Theoretical 

-Experimental 
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Experimental 
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Figure 9. Load vs strain gauge #4 
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Conclusions 

With the completed laboratory experience of analyzing the plane frame 
and with the results at hand, we can conclude that the experimental results 
support the elastic theory of structures analysis, such as Virtual Work, and 
matrix analysis for the case of a real truss. 

The error percentages obtained throughout the experiment were low 
because during the experiment process all the possible sources of error were 
minimized. 

Finally the real behavior of a natural scaled truss can be visualized, 
even though the structure is not a theoretical truss, but a frame because its 
nodes are welded instead of pin connected. In this case the previously 
mentioned effect disappeared due to the members length. This behavior was 
verified by comparing the theoretical behavior of a truss with the collected 
data throughout the test. 
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