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CONCRETE REPAIRS TO TYNEMOUTH COASTAL BATTERY
(Repairs carried out between January to March 2009)

Introduction

Repairs were made to one of the unreinforced concrete structures at TynemouthBattasyebetween
January and March 2009. The coastal battery is a scheduled ancient monument and k&edpailis
were called for. The work was carried out by SCS Specialist Contractingeseuvider the supervision
of Rowan Technologies Ltd.

The coastal battery comprises four distinct areas dating from various periwdsiindB880 and 1945. The
repair work was carried out on the third, and most complete, emplacement, dating frecotitevgorld
war. The concrete is unreinforced and has been damaged mostly from movement/(paetialwater
entry), degredation of the concrete and mechanical damage (possibly from theesctagnts who were
brought in to remove the steel elements from the battery). Note — the absence aamiefhas

allowed different concrete pours to move and settle, but on the other hand the concrete has not been
subject to the normal reinforcement corrosion (concrete cancer) which would have [peetecin this
marine environment. Note also that the repair of unreinforced concrete is mordtdifiie to the

absence of steel which (after cleaning) assists in the mechanical bonding of ttepaies to the original
and prevents cracking.

Test Slabs

The concrete forming the various areas of the coastal battery comprisedttergositions with
different textures and surface finishes. Many areas had been weathered ttheeaggtegate. Prior to
the concrete repairs, test slabs were produced using different types and compufsstowls ordinary
Portland cement (OPC) and various shapes and sizes of marine aggregate, FiglisedE.th® various
compositions of the test slabs is given in Appendix A. One side of the test slabs liztggtiaced on
the surface of the formwork and the other side was placed without retarders. Half sidesof each test
slab was subsequently mechanically brushed after being broken out to remove the topicesiegntgr

to reveal the aggregate.

The test slabs were produced in the workshop and the ambient temperature at the ferevedly
below &8C. It was found that at these low temperatures the setting of the concrete wasds it
cementitious layer could easily be removed without the use of retarders. As trewepa carried out
between January and March it was decided that the use of retarders was not required.



Initial Trial Repairs 1 (three relatively small areas on RHS and LHS)

Small trial repairs were initiated in three areas to test the method ars#$s #se results, prior to carrying
out larger repairs. Two of the areas are shown in Figures 2 and 3. Two of the repaentegrareas
which had suffered from movement and the third one represented a corner which had been subject to
mechanical damage. Previous repair methods on historic concrete have used shiiingsvfixed
(plugged) into the original concrete; this left holes in the historic concreté wdgaired filling and

which were impossible to hide. It was decided to trial the use of external timbes bafprop-up the
shuttering. This was partially successful for the small repairs, but ingaldor larger repairs due

mainly to the weight of the bulk concrete and the inability to prop up the shuttering in masy cas

The repair areas were marked up with straight accurate lines and a 22mm holéetieat drach of the

corners to provide relief. The lines were cut using a diamond disc to an average depth ohdmahm a

slight undercut (dovetail) to provide improved mechanical fixing of the new repairs aagivel

concrete. The concrete was broken out using a 10kg breaker to an average depth of 80mm front and top.
12mm diameter stainless steel cramps (L shaped fixings) were resin bonded imtalded holes to

provide improved mechanical fixing.

The shutters were made to size and prepared with foam strips around the circientepeaeent leakage
and treated with a release agent. These were erected and timber batons used tm proRigere 4.

The repair area was thoroughly wetted and a concrete mix (3-2-1) was used foritH@@eapa marine
aggregate, 10mm marine aggregate, marine sand and OPC). Note - this repais subsequently used
for most of the current repairs. The concrete was poured in the top and a poker used to vibnate the m
The shutters were removed typically within 24 hours, i.e. after setting. The nepegrthen left to cure.

A surface grinder was used to expose the aggregate on the surfaces, eittheatteesetting or early on
(within 24 hours) during the curing.

The finished repairs were found to provide a good texture and surface finish to the origurak B and

6. They were generally lighter than the original concrete (once they had futlyoditiebut should darken

once algal growth becomes established. On one area of the repair, a small testiscasut to compare

the use of live yoghurt, cow dung against the original concrete for the initiateesgréaeth, Figure 7.

This showed darkening of the repair concrete on the live yoghurt test within five wepke, &i The

cow dung test showed less darkening, and on closer inspection this appeared to be due to retmmants of t
dung itself . Itis considered doubtful that the live yoghurt could have assisted algdl githin a few

weeks and these tests will require re-inspection in the future.

Repair 2 (vertical wall and top section on RHS)

This large area had suffered from concrete degradation and movement as the top poedhadfand

with the lower pour and water inleakage though the body of the concrete had resulted in movement,
Figure 9. The repair was marked up and cut out as previously to a depth of 70mm on the face and 80mm
on the top using a 25kg breaker.

Where the repair met the steel frame of the doors, the frame was shot blastédiagkicgpper slag back

to bright steel and coated using 2 coats of zinc rich primer to protect the steel erithee environment.

Note — this was later painted by the decorators. The steel drip lintel was remeaadddlas above) and
primed and set aside for re-fixing. Eighteen 12mm stainless steel crantpédscut-and bend) were

resin bonded into 16mm drill holes on the top to improve mechanical adhesion and a further twelve wer
used for the face section, Figure 10.



Staked timber batons were placed around the top section of the repair at the coinetd fiaxign a
shutter. The shutters for the face of the repair were cut to size and preparedwisttrifog around the
perimeter and treated with a release agent. The shutter was erectedaursiegsstteel rock anchors that
were hammer fixed into the face of the original concrete and with stainlebthséaded bars coming out
through the shutters. Steel strong arms were placed against the shutterehilatge and nuts to tighten
up the shutters, Figure 11.

The repairs were placed and cured as before and holes in the repair concrete frozadled tiods were
filled. Once cured a surface grinder was used to expose the aggregate on ths.stitfadrip lintel was
re-instated in the repair using a cementitious grout. The repair was insp&steédnabnths and showed
an excellent match to the original concrete, Figure 12.

Repair 3 (vertical wall and top section on LHS)

This repair was very similar to repair 2 but it consisted of a slightly snzatt@, Figure 13. The top
railings were removed to affect the repair and fixed back in position using M10 stastéel bolts after
the repair. Thirty bent stainless steel cramps were used in the top sectiorhastheitess steel dowels
were used in the face section to improve mechanical bonding. Rock anchors were againupgexitto s
the shuttering.

This repair was inspected after 3 months and it generally showed a good match tarthkecongrete,
Figure 14. Some areas matched the original concrete better than others. It isgedeththat a short
trial be carried out using a high-pressure lance (4000psi) to remove some of thetmrmgtitase to
improve the match with the original concrete.

Repair 4 (long horizontal crack and two vertical cracks on the main wall to the bunker)

This damage was caused by two separate pours which had suffered from movement dualtainade
between them. The cracks had been broken open and filled previously, but the repairs had taged, Fig
15.

Scaffold was erected along the full length of the wall area to provide accessep@harea was marked
125mm either side of the crack and 22mm holes were drilled at the corners for relieldgésavere cut

to an average depth of 25mm (as before) and the concrete was broken open to a depth of 60mm using a
10kg breaker. Stainless steel 12mm ‘U’ shaped cut-and-bends were resin bonded into 1@molagdatl
400mm centres along both the horizontal and vertical repair areas to mechaniealteetuo original

concrete pours and assist with the bonding of the repair, Figure 16.

The repair area was primed using a cement slurry to assist bonding. A concret&+hit was used to
reinstate with marine sand, 10mm marine aggregate and OPC. The repair wasdehdmuahe re-
instatement was completed with three layers of repair taking place, usiregrtbatcslurry primer on each
layer as it continued. The repair areas were rubbed using a floated sponge to maigim#the or

The repair was inspected after 3 months, Figure 17. The texture and surface fimsh asagood a
match to the original as had been found with the other repairs, possibly because of the geplagatea
content and also that the surface had not been ground to reveal the aggregate. Howevécullais pa
repair had been carried out between two separate pours which had moved and the integriépaif the
was probably more important that its surface finish.



Repair 5 (ramp area and including a large structural crack LHS)

This large ramp area had a large structural crack at the top (and many enesdlen the ramp) which
were almost certainly contributing to water entry into the bunker, Figure 18. Asnamhp on the RHS
had previously been repaired, probably during the 1980s refurbishment.

The underside of the ramp (in the bunker) was propped up with timber batons and Acrow props for
additional support. The upper concrete ramp was broken out using a 25kg breaker and this showed
hardcore and soil beneath. This was also removed and a flat concrete apron was found beneath. Note
this flat apron was still around 1m from the internal bricks forming the bunker vaultjieghaetween

them is unknown. This left an average depth of 480mm for reinstatement (650mm on one side @ducing t
80mm on the other side). Repairs were made to the water outlet from this apron. The previad g

been found to be detached from the outlet pipe and this pipe was also blocked. A large flestible pla
outlet pipe (normal ground drainage pipe with drainage holes in the walls) was thteadgt the non-
flexible 200mm pipe to provide water run off from the apron and, in addition, any other water wiiich ma
be present through drainage from other sources. Note — a check was made on the grid andrdnainage
the RHS ramp area (which had been replaced in the 1980s) and this appeared to have been replaced
leaving the original hardcore and soil in place. This might be responsible for theteaivmivech is

leaching through this side of the battery.

The concrete apron was checked for cracks and defects and was found to be in good repair. A 1200 gaug
DPM was laid over the apron (Figure 19) and approximately 8 tonnes of 20mm dolomite hardcore wa
installed and compacted to bring the new level of the concrete ramp to a depth of 200mm. A ourcret

of 3-2-1 (20mm marine aggregate, 10mm marine aggregate, marine sand and O@€&dwagrovide a

depth of around 80mm. It had been intended to use Styrene-Butadiene co-polymer (SBR) aduiive to t
mix to reduce the water.cement ratio and thereby improve the mechanical psopfettis large

unreinforced concrete repair. However, due to the depth of concrete required for the ravap this

omitted. The concrete was rubbed up before cure.

The large crack above the ramp was marked up with straight accurate lines, 22maniltedest the
corners for relief and the edges cut to a depth of 25mm. The concrete was broken out using a 10kg
breaker to a depth of 80mm. Thixotropic resin was injected into the full length of the craak 12m
stainless steel ‘U’ shaped cut-and-bends were resin bonded into 16mm holes at 200nsmaloagttee
full length of the crack. The repair area had stainless steel mesh laid oveirthareatprior to
reinstatement. The repair area was thoroughly wetted before reinstatenwamtcréte mix of 3-2-1
(20mm marine aggregate, 10mm marine aggregate, marine sand and OPC) was used.

The 3-month inspection showed that the large concrete area had cured and showed no sigimgyof crac
Figure 20.

Dr. David Farrell
Rowan Technologies Ltd
25" May 2009



APPENDIX A

TRIAL MIXES FOR TYNEMOUTH COASTAL BATTERY

Mix 1 3-2-1 Mix
20mm Marine Aggregate
Marine Sand

OPC

Mix 2 3-2-1 Mix
10mm Marine Aggregate
Marine Sand

OPC

Mix 3 3-2-1 Mix
20mm Marine Aggregate
10mm Marine Aggregate
Marine Sand

OoPC

Mix 4 4-2-1 Mix
20mm Marine Aggregate
10mm Marine Aggregate
20-5 Limestone

6mm Limestone

Marine Sand

Brown Building Sand
OPC

Mix 5 3-2-1 Mix
10mm Marine Aggregate
6mm Limestone

Yellow Building Sand
OPC

Mix 6 5-1 Mix
Concrete Mix
OPC

Mix 7 3-2-1 Mix
10mm Aggregate
Marine Sand

OPC

Mix 8 3-2-1 Mix
10mm Aggregate
Yellow Building Sand
OPC
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Mix 9 3-2-1 Mix
20mm Marine Aggregate
10mm Marine Aggregate
Marine Sand

20/90 Sand

OoPC

Mix 10  3-2-1 Mix
20mm Marine Aggregate
10mm Marine Aggregate
20/90 Sand

OPC

Mix 11 3-2-1 Mix
Pea Gravel

Marine Sand

OPC

Mix 12  3-2-1 Mix
Pea Gravel

20/90 Sand

OPC

Mix 13  3-2-1 Mix
20mm Marine Aggregate
20/90 Sand

OPC

Mix 14  3-2-1 Mix
10mm Marine Aggregate
Marine Sand

20/90 Sand

OPC

Mix 15  4-2-1 Mix
20mm Marine Aggregate
10mm Marine Sand
20-5mm Limestone
20/90 Sand

OPC
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Figure 1

Figure 2

Test slabs produced prior to on-site repairs

Breakout of damaged corner section



Figure 3 Breakout of concrete on RHS

Figure 4 Externally supported shutters used for the small repairs



Figure 5 Repaired concrete corner on LHS

Figure 6 Repaired concrete corner on RHS



Figure 7 Trial using algal growth stimulants (live yoghurt and cow dung)

Figure 8 Trial area 1, 5 weeks after application of growth stimulants



Figure 9 Repair area 2 prior to repairs

Figure 10 Breakout and application of stainless steel cramps in top and side



Figure 11 Shuttering fixed to original concrete using rock anchors

Figure 12 Repair Area 2 after the repairs



Figure 13 Repair Area 3 prior to repairs

Figure 14 Repair Area 3 after repair



Figure 15 Repair Area 4 prior to repair

Figure 16 Stainless steel cramps used within the repairs



Figure 17 Repair Area 4 after repairs

Figure 18 Large through crack in the concrete surface (repair area 5)



Figure 19 Concrete and hardcore removed and a DPC added prior to
reinstatement

Figure 20 Repair area 5 (concrete ramp) after repair



