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Overview 
   The Zinc Cartridge method is a sacrificial anode cathodic protection type used to apply corrosion protection for steel 

bars in concrete structure. This electrochemical protection method suppresses the corrosion by flowing an electric 
protective current from the zinc anode to the rebar by using the potential difference without any external power 
supplies. The Zinc Cartridge method has two types called Surface and Insert type by installation locations. The 
Surface type is installed on surface of structures and the insert type is placed into the drilled core near the surface. 

To use this method in Indonesia, a material procurement is one of the biggest challenges by considering complex 
procedure for import and delivery cost from Japan and the best solution for that is using local materials. On the other 
hand, since no field application in Indonesia, there is some concerns for using the local materials in terms of quality 
control and compatibility for the Zinc Cartridge method. So that the applicability of the local materials was evaluated. 

This paper reports compatibility confirmation of Indonesian materials for the Zinc Cartridge method through the 
laboratory and field tests at Suramadu Bridge, or the longest-span bridge in Indonesia. The applicability of Indonesian 
materials for the Zinc Cartridge method was evaluated with several installation distances for the both of Surface and 
Insert types. 

Zinc Cartridge Method with Indonesian Materials 

  １．Indonesian Materials  
In the Zinc Cartridge method, there are two key materials for a 

sacrificial anode and a backfill material. Zinc is the component 
material for the anode, of course, and to make it act adequately as 
the sacrificial anode, the material quality is quit important to be 
maintained. And for the backfill material composed of a porous 
material with aqueous electrolyte solution and it is required to 
select the material and its mixture by adapting tropical 
environment in Indonesia. 

 
２．Laboratory and Field test with Local Materials 

The Zinc Cartridge method with Indonesian materials was tested 
in both of laboratory and field to verify its effectiveness. 

Firstly in the laboratory testing was conducted with the RC 
beams re-enacted the chloride deterioration for both of the Surface 
and Insert types with installation distances. 

After the laboratory testing, the field was conducted to confirm 
the effectiveness under practical conditions. The pile cap in the 
Suramadu Bridge was selected for the testing. The bridge is 
crossing the Madura Strait and subujected to severe environment 
of chloride attack. In the field test, the Surface and Insert type were 
installed with distanaces of 300 and 600 mm based on a steel 
arrangement and a deterioration level of the structure as shown in 
Photo-1. After the installation, a depolarization amount, widely 
used as an indicator of the corrosion inhibition effect, was 
measured continuosly. And also, a remote monitoring system 
powered by solor pannels and a titanium wire sensor measuring a 
potential difference of steel bars were applied for the measurement. 
Figure-1 shows the measurement results at the position indicated 
in Photo-1. As of writing this paper, all values with different 
installation types and distances are maintained within the target 
depolarization value for moderate corrosion protection level over 25 
mV up to 440 days exposure period. 

Hence, it has been concluded that also Indonesian local materials 
can be used for the Zinc Cartridge method to apply a corrosion 
protection for steel bars in concrete structures. 
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Figure-1 The measured depolarization amount 
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Photo-1 The field testing conditions 
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   当社独自の PC グラウト再注入工法であるリパッシブ工法は，亜硝酸リチウム水溶液先行注入と亜硝酸リチウム添加補

修材充填が特徴である．2022 年には材料分離抵抗性を向上させたプレミックス補修材「ギャップガード PCS」や，耐圧

タンクを用いた低速圧入装置の開発を行い，今後のさらなる施工実績の拡大が期待される．現在の施工実績は 150 件を

超え，対象構造物もポストテンション方式の PCT 桁の曲上げ部を主に横締め鋼材や，PC 箱桁橋へも採用されている．

これまでは地方自治体を中心に施工実績を伸ばしてきたが，近年では NEXCO の工事受注も増加している．   
NEXCO の PC グラウト再注入工事では PC グラウトの品質管理試験が規格化されており，使用する材料はこの規格値

を満たす必要がある．品質管理試験には日常管理試験と基準試験があり，日常管理試験は工事期間中に実施し，基準試

験は工事開始前に実施する．また基準試験は，PC グラウトの種類，製造日によって試験結果に変動がみられることか

ら，NEXCO の監督員の立会のもと 1 年ごとに実施する必要がある． 
本稿ではリパッシブ工法の材料について「構造物施工管理要領」（2023 年 10 月改定）に基づき試験を実施し，

NEXCO の規格化した PC グラウトの基準試験の規格値を満たしたことを報告する． 

NEXCO 規格の PC グラウトの基準試験 

 

 

 
 

  １．試験概要 
それぞれの試験の概要を表-1 に示す．試験体

設置状況を写真-1，細経管試験体の切断面を写

真-2 に示す．リパッシブ工法の H グレードであ

る亜硝酸リチウム水溶液を添加した PC グラウト

を対象に,材料分離抵抗性を評価する傾斜管試

験，ブリーディング率,体積変化率を評価する鉛

直管試験，PC グラウト充填不足箇所の狭隘部へ

の充填性を評価する細径管試験を実施した． 
 
２．試験結果 

試験結果を表-2 に示す．試験体はそれぞれ

3本ずつとし，試験体へのPCグラウトを注入

は傾斜管試験,鉛直管試験は電動グラウトポン

プ，細径管試験は自然流下方式と耐圧タンク

とエアコンプレッサを用いた低速圧入方式で

実施した． 
傾斜管試験では PC グラウト注入から 24 時

間後の PC グラウトに変化が見られず，上端

にブリーディングが確認できなかったため，

規格値を満たした． 
鉛直管試験では，ブリーディング率は試験

体 3 本とも 0.0％となり，規格値 0.3％以下を

満たし，体積変化率は平均－0.34％の変化が

みられたが，規格値±0.50％以下を満たして

いる． 
細径管試験では自然流下方式，低速圧入

方式ともに細径管を全通し，規格値を満た

した． 
以上よりリパッシブ工法の H グレードの

PC グラウトは，NEXCO の基準試験におい

て，全ての規格値を満たした． 

表-1 PC グラウト基準試験の概要 
試験項目 試験方法 規格値 

傾斜管試験 材料分離抵抗性 JSCE-F 
535 

ブリーディング

水が溜まらない 

鉛直管試験 ブリーディング率 JSCE-F 
534 

0.3％以下 
体積変化率 ±0.5％ 

細径管試験 充填性 NEXCO 
試験法 446 全通すること 

表-2 試験結果 
試験項目 試験結果※ 合否 

傾斜管試験 材料分離抵抗性 ブリーディング

は認められない 合 

鉛直管試験 体積変化率 －0.34％ 合 
ブリーディング率 0.0％ 合 

細径管試験 充填性 自然流下方式 通過 合 
低速圧入方式 通過 合 

※試験結果は試験体 3 本の平均値を示している. 
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写真-1 試験体設置状況 写真-2 細径管切断面 
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２．Laboratory and Field test with Local Materials 

The Zinc Cartridge method with Indonesian materials was tested 
in both of laboratory and field to verify its effectiveness. 

Firstly in the laboratory testing was conducted with the RC 
beams re-enacted the chloride deterioration for both of the Surface 
and Insert types with installation distances. 

After the laboratory testing, the field was conducted to confirm 
the effectiveness under practical conditions. The pile cap in the 
Suramadu Bridge was selected for the testing. The bridge is 
crossing the Madura Strait and subujected to severe environment 
of chloride attack. In the field test, the Surface and Insert type were 
installed with distanaces of 300 and 600 mm based on a steel 
arrangement and a deterioration level of the structure as shown in 
Photo-1. After the installation, a depolarization amount, widely 
used as an indicator of the corrosion inhibition effect, was 
measured continuosly. And also, a remote monitoring system 
powered by solor pannels and a titanium wire sensor measuring a 
potential difference of steel bars were applied for the measurement. 
Figure-1 shows the measurement results at the position indicated 
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installation types and distances are maintained within the target 
depolarization value for moderate corrosion protection level over 25 
mV up to 440 days exposure period. 

Hence, it has been concluded that also Indonesian local materials 
can be used for the Zinc Cartridge method to apply a corrosion 
protection for steel bars in concrete structures. 

 
Key Words：Zinc Cartridge, Corrosion protection, Indonesia local material 

 

Figure-1 The measured depolarization amount 
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