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Abstract 

Photogrammetry was used to monitor the bottom part of the northern in-filled wall of the 

SERFIN model. This optical measurement technique is at the developing stage for its 

application on large structures and the SERFIN project was a testing bench for it. This report 

gives the first results on the displacement fields and the cracking of the specimen in the 

monitored zone.  
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1. Introduction 

The SERFIN experimental test campaign took place within the scope of the SERIES project, 

in which photogrammetry on a large structure was envisioned as a new measurement tool, to 

be developed, tested and compared with classical sensors. As a consequence, part of the 

experimental specimen built for the SERFIN investigations was used as a testing bench for 

optical methods of measurements. A report dealing specifically with the basic purpose of 

SERFIN, which is seismic retrofitting, has been recently released and will serve as basic 

reference for all contextual questions, general settings and classical sensors results 

(Poljanšek, et al., 2014).  

The present report will be only focused on the results of optical metrology in a particular 

zone of SERFIN. Reference to specialised papers will be given when dealing with specific 

terminology or definition about optical equipment and tracking methodology.  

In Figure 1-1 is given the layout of the zone where optical monitoring took place: it is at the 

bottom part of the northern infill wall of the SERFIN model (1N with the numbering scheme 

adopted in Poljanšek, et al., 2014). The monitored zone is marked in brown, it comprises the 

central parts of the foundation beam (named FB in what follows) and of the first floor beam 

(1B), the infill wall and its bounding columns. It is worthwhile noting that only half of the 

bounding columns are comprised in the monitored domain, as the classical Gefran sensors 

would have provoked unnecessary problems and would have been source of inaccuracies in 

the optical measurements.  

The monitored domain is indeed in an important zone of the experiment, as it is at the core of 

the retrofitting mechanism. In Figure 1-1 are indicated essential parts of the experimental set-

up, like the U shaped steel beam (in blue) that distributes the horizontal loading from piston 2 

to the first floor slab, which in turn transmits the loading to the resisting, retrofitted zone. In 



front of the loading steel beam, approximately in line with its axis, is fixed Heidenhain 2, 

which gives the reference, horizontal drift for this part of the set-up. This drift is measured 

relatively to a reference frame positioned on the west side of the structure, opposite to the 

reaction wall.  

 
Figure 1-1 Layout diagram of the northern ground floor. Piston 2, anchored to the reaction wall applies its load 

through the steel beam in blue. The Heidenhain 2, positioned in front of the beam, gives the horizontal drift of the 

north-west corner of the first floor, with respect to a reference frame. The optically monitored zone is the brown 

square in the central, infill wall. Gefran sensors are marked in red.  





2. Stereo loop and processing method  

CAMERA SET-UP 

A parallel set-up of 2 PCO.Edge cameras (2160x2560 pixels with a grey levels dynamic 

range of 27000, fitted with Zeiss Distagon T* 3,5/18 ZF lenses) was positioned on the 

northern ground floor wall of the SERFIN specimen, with both optical axis quasi 

perpendicular to the wall surface (see Figure 2-1). In this particular stereo configuration, the 

primary data are two series of photographs from the left and right cameras (Figure 2-2), in 

which matching objects are horizontally shifted in proportion to their distance to the stereo 

rig. With the hypotheses of in-plane displacements and negligible optical distortion, the pixel 

scale is uniform on every portion of the photography corresponding to planar image objects 

perpendicular to the optical axis. By relating particular points of the right photography to the 

geometry of the structure (Figure 2-2), the pixel scale for the wall (red square) and foundation 

beam (green square) were found to be on the order of 1.62 mm and 1.54 mm, respectively.  

Under the above hypotheses, only one camera is necessary to monitor the displacement of 

any material plane perpendicular to its optical axis. However, this camera setting could be 

used as a stereo pair in case of necessity, e.g. if hypotheses are not anymore verified or if one 

would like to monitor the horizontal surface of the foundation beam. In any case, it is 

worthwhile noting that all the data necessary for an accurate calibration of this stereo rig 

(intrinsic and extrinsic parameters, as described in Zhang, 2004) were taken and archived for 

possible refined processing. Both cameras were linked to a common computer, and a series of 

photos were sampled during runs F14, F16, F19 and F21 (Poljanšek, et al., 2014), the 

experimental conditions of these four tests are listed in Table 1. This report deals with the 

runs F14 and F16 which corresponds to earthquacke loading. While for F14 successive 

photos are synchronised with the sampling time of the experiment, a problem arose for F16, 

and sampling was done through an independent triggering.  

 



 

 

Table 1 Experimental conditions for the tests monitored by photogrammetry  

Run F14 F16 F19 F21 

Loading 0.10g EARTHQUAKE 0.25g EARTHQUAKE CYCLIC -100mm (half cycle) FINAL CYCLIC 

Date 29/11/2011 30/11/2011 05/12/2011 07/12/2011 

 

TRACKING METHOD 

The wall was painted with a random texture (Figure 2-2) to allow tracking of material points. 

For the sake of simplicity, in all that follows, the study is limited to the processing of the right 

camera series of photography, and the tracking is made with a global, optical-flow method 

that consists in optimising the warping of a reference image to the current one, with respect to 

an objective function of both images. In the present case, we used the TV-L1 algorithm as 

described in (Zach, Pock, & Bischof, 2007), to which we refer for more insights. The Matlab 

program was parallelised to run on an NVIDIA TESLA C2070 Graphic Processing Unit.  

The displacement field on the purple square in Figure 2-2 was computed on each time step, 

and its centre displacement was deduced and converted in mm for further comparison with 

the signal from Heidenhain 2 (see Figure 1-1) giving the horizontal drift of the north western 

corner of the first floor, with respect to the reference frame.  

To avoid tracking being perturbed by the Gefran sensors anchored in the middle of the 

bounding columns of the wall, the global domain which was followed corresponds to the 

vertical band of the photography containing the red and green rectangles in Figure 2-2, just at 

the limit imposed by the Gefran sensors. These rectangles correspond to the global domain 

marked by a brown rectangle in Figure 1-1. The displacement field, obtained in pixel units, 

was then converted to mm by use of the scaling factors previously given for the wall and the 

foundation beam. In fact, a slight perspective effect can be noticed on Figure 2-2it was 

supressed by rectifying the photography with a homography based on the correspondence 

between known points of the wall and their image. In Figure 2-3 is shown a close-up view of 

the studied domain, as rectified by the projective transform. The structural elements and the 

physical coordinates of particular points are indicated on this view. It is worthwhile noting 

that the brown line limiting the domain on the left is not vertical: this comes from the fact that 

the optical axis is not exactly perpendicular to the wall. However, the angle between the 

optical axis and the normal to the wall is of the order of 0.017 radian, a value sufficiently 



small to validate the scaling on the green and red zones (Figure 2-2) that have their surface 

perpendicular to the optical axis. For the narrow band that links its bounding green and red 

rectangles, which corresponds to the horizontal surface of the foundation beam, the applied 

pixel scale is a linear interpolation of the bounding scales. This is in agreement with the in 

plane displacement hypothesis, that should also apply to this horizontal surface.  

To reduce the computing time, the displacement field on the global domain enclosing the red 

and green rectangles was only computed at some salient time steps.  

The ELSA convention is to count as positive the displacements towards the reaction wall: this 

is taken into account when comparing the Heidenhain curves to the optical measurements 

results. However, for warping of the global domain, displacements were expressed in the 

XOY axis reference frame, as marked in yellow in Figure 2-2. This frame is linked to the 

initial, reference position of the structure. It has its OX axis at the intersection of the 

horizontal surface of the foundation beam with the vertical plane of the wall. Its OY axis is 

the vertical edge of the left column, and the origin O is the axis intersection, at the left bottom 

corner of the left column. All the displacements on the global domain computed from 

warping are converted to mm in the XOY frame.  

 

 
Figure 2-1 Stereo rig installation in front of the northern infill wall  



 
Figure 2-2 General views from the camera stereo rig, matching objects on the image pair are shifted horizontally 

proportionally to their distance to the stereo rig. On the right image, the axis reference frame XOY is indicated in 

yellow. The green rectangle delineates the foundation beam FB, the red rectangle corresponds to the infill wall and 

the first floor beam 1B, with the mid center line of the bounding columns. The purple rectangle serves to evaluate the 

1B displacement, to be compared to the drift delivered by the Heidenhain 2 sensor. The axes of this frame are scaled 

in pixels.  

 
Figure 2-3 Close-up view on the studied domain, enclosed between the two brown lines. The photo has been rectified 

so that slight perspective effects appearing in Figure 2-2 have been corrected.  



3. Main Experimental Results on F14 and F16 

RUN F14 (0.10 PGA EARTHQUAKE TEST) 

In Figure 3-1 are plotted the reference, the horizontal drift obtained from Heidenhain 2 (in 

blue), and the horizontal displacement of the purple square centre (see Figure 2-2) (red dots). 

Both curves are fairly well correlated, although the optical displacements exhibit slightly 

smaller amplitude.  

 

 
Figure 3-1  F14: Comparison between Heidenhain 2 signal (in blue) and optical measurements (red dots).  

 

The warping of the initial green and red squares (Figure 2-2) to their correspondent position 

was computed at four time steps, indicated by the black circles shown in Figure 3-1. Points 1 



and 2 illustrate a very low force configuration (base shear <150 kN on level 1), corresponding 

to a displacement of ~0.5 mm (a third of a pixel), with no associated damage to the structure. 

Points 3 and 4 correspond to a base shear of 600 kN with displacements an order of 

magnitude higher (~4.5 mm).  

The resulting displacement fields are exhibited in Figure 3-2. As these maps are contaminated 

by noise (0.2 mm crest to crest), a Gaussian smoothing was applied to them, with a damping 

scale of 20 pixels. Points 1 and 4 correspond to a displacement towards the reaction wall 

(towards the left on Figure 3-2), while points 2 and 3 illustrate the reverse situation. Each 

map corresponds to the global domain (brown rectangle in Figure 1-1), and has its own 

colour scale plotted on the right side, in mm. The limits in X and Y of the various structural 

elements can be read in Figure 2-3 and are helpful to interpret these displacement fields. Only 

small parts of the columns are appearing on these maps, at vertical bands of width  ~90 mm 

on each side of the figures.  

Although some variations of horizontal displacement along X can be observed on these maps, 

it is worthwhile plotting the averaged (along X) values of horizontal displacements, 

normalised by the mean value at maximum Y (attained for 1B). This is exhibited in Figure 

3-3 a, and shows that FB moves very little, and that there are discontinuities between the wall 

and both FB and 1B beams, even at low displacements. Also, the higher discontinuities 

observed at lower (points 1 and 2) than at higher (points 3 and 4) levels of force, might reveal 

a higher level of locking between the wall and the bounding beams at higher levels of force. 

The maps for higher level of displacement (points 3 and 4) reveal the formation of diagonal 

cracks in the wall, which become almost horizontal on the bounding columns. To illustrate 

their degree of opening, a profile of the vertical displacement for point 4, at an abscissa of 

X=2600 mm (100 mm to the right of the edge of the right column) is shown in Figure 3-3 b 

(the data has been averaged along an interval of width 65 mm around the abscissa X=2600 

mm). The discontinuities which appear on this curve correspond to the opening of the 

interface between the wall and column with the FB beam for Y=0 (opening ~0.5 mm) and 

[wall + column]-1B beam for Y=2500 mm (opening ~0.3 mm). The other openings (smaller 

than 0.37 mm, on an average of 0.15 mm) are regularly spaced at 200 mm, from Y=673 mm 

up to the 1B beam, indicating on one side the bond slip phenomena between the wall 

reinforcement and concrete, and on the other side the extent of the web reinforcement. The 

zone between 0 and 600 mm corresponds to the Carbon Reinforced Fibre Polymer (CRFP) 

reinforcement, so that eventual cracks are hidden from the optical system.  



 
Figure 3-2 Maps of horizontal (top) and vertical (bottom) displacement for points 1 to 4 of run F14. Colour scaling is given on the side of each map, in mm, and X and Y units are in 

mm.  



 
Figure 3-3 a) F14: superposition of horizontal displacements averaged along OX, as a function of OY, normalised by 

the maximum displacement attained on the 1F beam. b) F14, Point 4: Vertical displacement on the right side of the 

wall, 100 mm inside the column (X=2600 mm, time step at point 4). The vertical ranges of 1B, FB and CFRP are 

indicated on the side of the Y axis of graph b.  

RUN F16 (0.25 PGA EARTHQUAKE TEST) 

As mentioned in §2, for run F16 the sampling times of the cameras were different from the 

times steps of the experiment. However, by computing the displacement on the purple square 

in Figure 2-2, it was possible to determine the correspondence between the time scales of the 

camera and of the experiment. In Figure 3-4, the optical measurements are in good agreement 

with the Heidenhain signal. Points 1 and 2 in Figure 3-4 are at maximum displacement, and 

on these particular time steps, the displacements fields have been computed on the same area 

as for run F14. As for F14,  a Gaussian smoothing was applied to the displacement maps, 

with a damping scale of 20 pixels. 

In Figure 3-5 the horizontal and vertical displacements are plotted as surfaces: the 

distribution of cracks is clearly visible, with new discontinuities appearing in beams FB and 

1B. The zones of the 1Bbeam (in blue), the FB beam (in yellow) and the Carbon Reinforced 



Fibre Polymer (CRFP, in purple) are indicated on the left side of the figure, the same colour 

coding is kept for the remaining figures. The discontinuities between beams and wall are 

clearly visible, as well as the effect of CRFP. With respect to Run F14, cracks formed in the 

1B and FB beams are indicated by the red, grey and green arrows. The top of the 1B beam 

presents a crack opening (red arrow), while the FB beam presents a minor crack on the left 

side (grey arrow) and a major crack on its right side (green arrow). This crack is even more 

visible at point 2 (Figure 3-6), for which the wall is tilted from right to left and pulled up on 

the right side of the beam, provoking the opening of the crack. To better localise the 

distribution of cracks, the vertical gradient of vertical displacements was computed (on a 

Gaussian smoothed field) and plotted in Figure 3-7 for points 1 and 2. In this figure, cut-offs 

were applied to derivative higher than 0.01 and smaller than -0.002 to reduce the contrast 

with the extrema localised at the opening interface between the beams and the wall. In this 

way, the cracks are enhanced and made clearly visible. The evaluation of the discontinuities 

can be done by plotting the vertical distribution of vertical displacements, respectively on the 

left and on the right side of the wall, for time steps at points 1 and 2 (see Figure 3-8). The 

opening between the FB beam and the wall is approximately 6 mm for point 1 (left side) and 

10 mm on point 2, with a beam cracking opened at ~5 mm. The average crack opening along 

the height of the wall is 0.5 mm, and some discontinuities (~0.2 mm) appear in the zone of 

the CRFP (arrows in Figure 3-8).  



 
Figure 3-4   F16: Comparison between Heidenhain 2 signal (in blue) and optical measurements (red dots).  

 
Figure 3-5 F16: 3D plot of horizontal and vertical displacement for point 1 



 
Figure 3-6 F16: 3D plot of vertical displacement for point 2 

 
Figure 3-7 F16: Vertical gradient of vertical displacement for points 1 and 2 of F16. The values above 0.01 and below 

-0.002 have been cut off so that the cracks clearly appear on these maps.  



 

Figure 3-8 F16: Vertical distribution of vertical displacement for point 1 (left side of the wall, X=292 mm) and for 

point 2 (right side of the wall, X=2600 mm).  



4. Conclusion 

Photogrammetry was applied to run F14 and F16 of the SERFIN testing campaign, with a 

method of optical flow (Zach, Pock, & Bischof, 2007). It allowed to put in evidence that:  

 The cracks appearing during F14, with openings as small as 0.15 mm, startedalmost 

horizontally from the bounding columns and extending diagonally into the infill wall.  

 The regular spacing of cracks in the bounding column is approximately 20 cm and can 

be related to the web reinforcement.  

 The cracks between the infill wall and the foundation beam, and between infill wall 

and the first floor beam, start developing already in test F14.  

 Cracking patterns appear in both the foundation and first floor beams for run F16, in 

contrast to run F14 where beams showed no damaged.  

 The CFRP limited crack opening.  
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