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The following paper describes brick chimney reinforcement and its monitoring by 
interior vertical external post-tensioning. The chimney, with 44 metres height, has been 
preserved for historic reasons. The chimney was built in 1872 and it was part of a textile 
complex. At the present, it is back in use, housing an internal channel for a steam exit of 
a climatic unit.  

After a very detailed analysis by finite element, with a topographic study and an 
accurate analysis of existing materials, the reinforcement has been designed as: 
retesable and replaceable external postensioning reinforcement. The passive anchorage 
zones are connected (upper part) to brickwork structure, relying on bond action alone. 
Structural adhesives are injected (low pressure injection previous pre-pack aggregate 
disposal), without connectors or bolts. So the load can be increased by a limited amount, 
since the thickness of the brickwork is limited to 10 cm.  For this reason, if failure of 
some tendon occurs, the prestress reinforcement would constitute an external force, 
destabilizing the structure and leading to failure and collapse of the chimney. 

Each of the 5 tendons is instrumented with a self-aligning load cell of 200 kN and the 
instrumentation is complemented with temperature and CO2 sensors, to control the 
chimney’s structural behaviour. 

The sensors mentioned before are connected to a card equipped amplifier with adequate 
treatment of the signals for possible failures, described above. This equipment indicates 
the proper functioning of the system, and alarming in case the prestressing force drops 
below 80% of the initial. 
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ABSTRACT: The following paper describes brick chimney strengthening and its 
monitoring by interior vertical external post-tensioning. The chimney, with 44 meters 
height, has been preserved by historically reasons. The chimney was built in 1872 and it 
was part a textile complex. Actually it’s back in use, housing an internal channel for 
steam exit in a climatic central. Each of the 5 tendons is instrumented with a self-
aligning load cell of 200 kN and the instrumentation are complemented with 
temperature and CO2 sensors. 

 

 

1 DESCRIPTION 

The chimney, with 44 meters height, has been preserved for historic reasons. The 
chimney was built in 1872 and it was part a of textile complex. At present, it is back in 
use housing an internal channel for steam exit in a climatic unit. The presence of new 
adjacent buildings forces to increase the steam exit dimension. Due to this change of the 
use, and because of the new wind and earthquake conditions, it requires a powerful 
reinforcement through external post-tensioning. The chimney location adjacent to 
industrial plants and university building areas requires a very high reliability 
reinforcement. The load can be increased by a limited amount, since the thickness of the 
brickwork is limited to 10cm. For this reason, if failure of some tendon occurs, prestress 
introduces eccentric forces, destabilizing the structure and possibly leading to failure 
and collapse of the chimney. 
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Figure 1. Render. Figure 2. General view during 
strengthening.  

  

 

1.1 General strengthening design 

The design of the chimney strengthening took into account: serviceability limit state, 
fatigue limit state, ultimate limit state, durability and special aspects as thermal 
conditions. 

The features that distinguish this external post-tensioning reinforcement from other 
solutions considered (concrete internal ring) are: 

• External (internal to chimney) tendons allow more clearance for installing the 
outlets for gases pipes. 

• External tendons mechanically behave like unbounded tendons suffering from 
fatigue. 

• End anchorages are essential elements, as well as of their connections, 
supporting the existing brickwork. 

• Design of end anchorage zones, especially deviators are critical. 

• External tendons are visible for inspection. 

• External tendons are restress (by indirect operation) and easily replaceable. 

• External tendons are exposed and may be susceptible to damage during internal 
pipe installation. 
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1.2 Geometry limitations 

The reinforcement must be put in place within narrow geometric tolerances, because of 
the internal pipe diameter of gas outlet (limited maximum speed by noise). For this 
reason, the alternative of an inner reinforced concrete ring has not been taken into 
consideration. 

1.3 Postensioning 

The design was executed after a very detailed analysis by finite element, with a 
topographic survey and an accurate analysis of existing materials. The bracing is solved 
with a highly durable cable stayed tensioning, with self-aligning and replaceable 
tendons. The upper anchorage part is connected to structure (150mm brick wall 
thickness) by external attachment with injected structural adhesives, without screws or 
bolts to avoid damaging the brickwork locally. 

 

Figure 3. Original proposal Figure 4. Epoxy based pre-pack concrete, 
injected to connect passive anchorage part 
to brick wall.  

  

 

 

1.4 Strengthening capacity 

Adjustable load capacity has been required and a retesable postensioning system is 
installed in project, in order to compensate for uncertainties and losses, under new 
loads. Due to space limitations, indirect tensioning has been designed: using an 
auxiliary intermediate ring as anchorage support. If required so, during subsequent 
stages, additional tensioning is possible, by pressing down the intermediate ring.  
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Figure 3. Reverse tensioning from tendon 
to foundation, using tensioning bars. 

Figure 4. Intermediate ring.  

  

1.5 Replaceability 

To consider future actions of replacement or maintenance, the external postensioning 
system is completely replaceable, provided the polyurethane protection is removed.   

 

Figure 5. Polyurethane removable 
protection 

Figure 6. Sketch.  

  

1.6 Stressing operations 

All stressing operations were carried out using light jacks, commonly used in stay 
cables. 
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Figure 7. First stage stressing tendon 
operation, low capacity jack. 

Figure 8. Ultimate stage stressing 
operation, using higher capacity jack.  

  

 

2 MONITORING  

As the chimney’s location is adjacent to industrial plants and an area of university 
buildings, beside enterprises and university common zone, requires a very high 
reliability of reinforcement. The load can be increased by a limited amount, since the 
thickness of the brickwork is limited to 10cm. For this reason, if failure of some tendon 
occurs, prestress introduces eccentric forces, destabilizing the structure and possibly 
leading to failure and collapse of the chimney. 

Each of the 5 tendons is instrumented with a self-aligning load cell of 200 kN and the 
instrumentation is complemented with temperature and CO2 sensors, to control the 
chimney’s structural behaviour. 

 

Figure 9. Load Cell. Figure 10. Reverse bar stressing and 
tendon 
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The sensors described before are connected with card equipped amplifier with adequate 
treatment of alerts for possible failure as described before, as well as exit digital card 
scheduled to govern a panel of 5 bicolour LEDs (one by strap) that it indicates the 
proper functioning of the system and alarming in case that the prestressing strength 
decreases by more than 20% respect initial prestress. 

2.1 Phase 1 

The device described above is complemented with a data recording device. Until the 
installation of a fibre optic cable to the chimney, it consists of a PC, governing the 
MGCPlus amplifier and recording data with a rate of each hour. It is connected with a 
3G routers that gathers up, process and show every hour the files to a web page 
programmed for this purpose. The web page has a user-authentication system, allowing 
to download older files into a format to be handled by any spreadsheet.  

 

Figure 11. Phase 1 equipment. 
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 Figure 12. Phase 2 equipment. 
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2.2 Phase 2 

Once the optic fibre will be available the PC and router will be removed and replaced by 
a transceiver that connects directly the MGCplus amplifier to the network. Thus, from a 
connected software, data can be displayed, registered and launched. Real-time 
monitoring allows the consultant to act on the structural stress state of each tendon on 
basis of deferred losses covered. 

 

Figure 13. Online web access to real time force for each tendon. 
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3 CONCLUSIONS 

Each of the 5 tendons is instrumented with a self-aligning load cell of 200 kN and the 
instrumentation is complemented with temperature and CO2 sensors, to control the 
chimney’s structural behaviour. 
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