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ABSTRACT

The purpose of this study is to investigate the properties of composite systems using polymer cement and epoxy
resins for waterproofing and anti-corrosion to concrete structures such as water supply facilities and
sewage-works.

For the waterproofing and anti-corrosion of concrete structures, there can be required various properties such
as absorption capacity and water permeahility, adbesion and tensile strength, hair crack-resistance, impact-
resistance, repeated low and high temperature test and chemical resistance, soundness for drinking water,
soundness for drinking water and etc.

In this study these engineering properties of composite systems using polymer-modified mortar and epoxy resins
were examined and could be confirmed to satisfy the guidelines of KS. Especially, it was turmn out that the
adhesion properties was excellent and high crack-resistance up to 1.49mm will be perform.

Keywords : polymer-modified mortar, epoxy resin, waterproafing, anti

i-corrosion, crack-resistance
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Table 1 Outline of composite systems

Main component

Photograph of

Process

construction process
Wenenaroeiing
Ari-Corosiers

. Waterproofin ;

Surface hardening penetration layer

Function of each process Waterproofing system| Anti-corrosion system
Upper Non-solvent epoxy
Middle Anti~corrosion layer Epoxy emulsion 4
Lower Epoxy emulsion
Hardened type protection layer 3
Main elastic waterproofing layer Polymer—-modified mortar 2
1

Table 2 Materials and mixing proportions

Waterproofing & . Amount of mixture per
Procedure anti-corrosion layer Proportions unit area (N/mm’)
Epoxy resin emulsion resin 3
Surface treatment Filling defected part Epoxy resin emulsion hardener 1 0.0004
Mineral powder 10
Surface adjustment . . . . -
and hardening Penetration layer Acrylic resin emulsion crude liquid 1 0.00017
Waterproofing Elastic layer Polymer. em.uilsion for cement mixing | 9 0.0019
(1 layer) Elastic siliceous cement mortar 18
Polymer emulsion for cement mixing | 6
Waterproofing Protecting layer _ Water 12 0.0015
(1 layer) Siliceous powder cement mortar for 20
protection
. . . Hydrophilic epoxy resin 1
- 1 1t — .
Anti~corrosion layer (1 time) Hydrophilic epoxy hardener 1 0.0002
. . . Hydrophili i 1
Epoxy Anti-corrosion layer (2 times) s rol?‘nc EPOXY TSI 0.0002
coatings Hydrophilic epoxy hardener 1
. . . Non-sol esi 3
Anti-corrosion layer (3 times) on-solvent resin 0.00022
Non-solvent hardener 1
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Table 3 Test items and standards for evaluation

Test system
Type of Estimation . Waterproofing&
test items Waterproofing anti—-corrosion
system
system
. Amount of
Absorption absorption KS F 4919 KS F 4919
Water Water | kg F 4919 | KS F 4921
permeability | permeability
Adhesion Bond KS F 4919 | KS F 4921
strength
Tensile
Toughness strength
Elongation KS F 4919
Tear- Tear
resistance strength

Hair crack-resistance KS F 4919 KS F 4919

Impact-resistance KS F 4921 KS F 4921

Repeated low and high
temperature Test KS F 4921

KS F 4921

Chemical resistance -

Japan Sewage
Works Agency

Portable water

quality test

- KS F 4919

Table 4 Results of watertightness test

T " Test result
ype O .
specimen Water- | Waterproofing & Note
proofings | anti-corrosions
Amount of KS F 4919
absorption 0.5¢ 0.lg (under 2.0)
Amount of water none none KS F 4919
permeability (none)
Table 5 Results of bond strength test
T " Test result
sngiem(::n Water- | Waterproofing & Note
proofings | anti-corrosions
Bond 2 2 KS F 4921
strength | 2AON/mm” | 267 N/mm” () 53 g/mm?)
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(a) Absorption test (b) Water permeability test
Photo 1 Absorption and water permeability test

(b) Waterproofing &
anti-corrosions

Photo 2 Measurement of bond strength

(a) Waterproofings
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Table 6 Results of tensile and tear strength test
T ; Test result
ype o
; Tensile . Tear Note
specimen
DeC strengtl Elongation (%) strengt]
FElastic 2 2] KSF
layer 2.0N/mm 76 154 N/mm 4919

Table 7 Results of hair crack-resistance test

Test result
Waterproofing & | Note
anti-corrosions

Hair crack- none none KS F
resistance 4919

Type of
Specimen | Waterproofings

Table 8 Results of impact-resistance test

Change of appearance
Specimen after impact Note
03m | 05m | 1m | 15m
Waterproofings
Waterproofing & none
anti—corrosions
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(a) Tensile strength (b) Tear strength
Photo 3 Measurement of tensile and tear strength

—

(b) Waterproofing &
anti-corrosions

Photo 4 Hair crack-resistance test

(a) Waterproofings

(b) Waterproofing &
anti-corrosions

(a) Waterproofings

Photo 5 Impact-resistance test
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(a) Acid treatment (b) Alkali treatment
Photo 7 Specimens for chemical resistance test
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Table 11 Experimental items and standards of
portable water eruption test
Standards for quality

under 0.5 degree
under 1 degree
under 2mg/ ¢
under 0.7mg/ ¢

Quality _items
Turbidity
Chromaticity

KMnQ4 consumption _
Reduction of residual Cl

Smell none
Taste none
Cyanogen none

A class of phenol under 0.005mg/ ¢
Ephiclorohydrin none
A class of amine none

Table 12 Type of specimen

Type of specimen Remarks
Crack-resistance waterproofing Crack-resistance
and anti-corrosion systems systems

Epoxy Resin waterproofing and
anti~corrosions A
Epoxy Resin waterproofing and
anti-corrosions B

Existing system A

Existing system B
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Epoxy Anti-corrosion Layes
Hardens Prowection Layes

Main Efastic Waterproot Layer
Surface Reir Layer
//F\\\ A N Test Bonrd
Tension {_ﬂ ension
i

induction Part of Zero-span Tension

B - Epoxy Anti-corrosion Layer
0 Hardend Protection Layer
e Main Elastic Waterproof Layer

Separation of |
Main Waterprool

Layer m

" Surface Reinforcement Layer
| crack wigih
i2nd Step )
- — Epoxy Anti-corrosion Layer
5*‘;’6‘ ationof | e Hprddend Protection Layer
rotection By

—— Main Elastic Waterproot Layer
~ Surface Reinforcement Layer

Layer
wzizz
i
3rd Step §

Separation of

+ Crack Width

M — Epoxy Anti-corrosion Layer

R ) o e Hardond Protection Layer
Anti-corrosion N "

Layer e Main Elastic Waterproof Layer

K A T Surface Reinforcement Laj

i .4 Limit of Crack-Resisiance

Fig 2 Concept on the Evaluation of crack-resistance
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Table 13 Curing time in procedure

Procedure Curing time
Primer 5 hours
Substrate First 1 day
adjustments Second 7 days
Epoxy cement waterproofing and 7 days

anti—corrosions

Table 14 Elongation of crack

Elongation of crack (mm)
NO. Crack-resistance Existing Existing
systems system A system B
@ 1.46 0.23 0.15
®@ 1.54 0.20 0.18
©)) 147 0.25 0.20
@ 1.50 0.18 0.13
® 1.48 0.20 0.21
Average 1.49 0.21 0.17
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(a) Fixing (b) Crack in (c) 1st stage of
specimen substrate tension

(d) 2nd stage of (e) Separation of
tension WP & AC layer (f) Detail of crack

Photo 9 Crack developing mode of existing system A

(a) Fixing (b) Crack in

specimen substrate

(c) 1st stage of

tension

(d) 2nd stage of (e¢) Separation of (f)

tension WP & AC

layer

Detail of crack

Photo 8 Crack-resistance mode of crack-resistance

systems
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(a) Fixing (b) Crack in  (c) 1st stage of
specimen substrate tension

(d) 2nd stage of (e) Separation of
tension WP & AC layer

Photo 10 Crack developing mode of existing
system B

(f) Detail of crack
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(a)Crack-resistance
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