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A Study on the Expansion Joint of Concrete Lining and Duct in a Tunnel
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Abstract

The installation of the expansion joints in a tunnel concrete lining and duct would minimize the cracking at the location
of structural shape and stiffness change, differential settlement, big temperature change, and so on. However, it is difficult
to determine the required spacing of the expansion joint in a tunnel concrete lining and duct quantitatively because
the spacing is influenced by temperature change, structure construction condition, ground-structure interaction, and etc.
Nevertheless, a highway specification (Korea Expressway Corporation, 2012) or a road design manual (Ministry of Land,
Transport and Maritime Affairs, 2010) specifies that the expansion joint spacing in a tunnel concrete lining should be
installed uniformly smaller than 25 m from the tunnel portals to 50 m inside of a tunnel and elsewhre 20-60 m in
a tunnel (because there is no specifcation for a duct it is assumed that a duct follows the specfication of lining). This
specification results in several construction and economic problems in relation with a tunnel construction. Accordingly,
in order to minimize the problems, this study analyzed both domestic and foreign design standards and specifications.
In addition, field test, theoretical and numerical analyses were carried out in relation to the expansion joint in a tunnel
lining and duct. The purpose of this study is to reestabilish a criterion for installing the expansion joint in a tunnel

concrete lining and duct.
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Table 1. Current installation state of the expansion joint in the country

Section Construction span Expansion joint spacing Exapnsion joint width
Lining 9~12m 27~36m 20mm
Equipment (3 times) : 250—300m N
Duct Human (1 time) : 200m 27~36m 20mm
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Table 2. Comparison of expansion and contraction behavior beween a design cocept and a field observation

Design concept Field observation
Comparison Expansion and contraction behavior per 27m (3span) Expansion and contraction behavior per 9m
| - | expansion, | |- | expansion,
contraction contraction
Concept diagram | L ] 1 | : L
9.0m 9.0m 9.0m | | 9om | eom | 9.0m

Field photos

Expansion joint Contraction joint

Field observation * Regardless of expansion or contraction joints, the joints have a gap of 1.0~2.6mm every 9m

Table 3. Design creiteria of expansion joint in the country

Joint Expansion joint
Organization” " ]

Tunnel portals (50m section): less than 25m

Tunnel inner part: 25—60m

Section change part, ground change part, and reinforced concrete and unreinofrced
concrete junction part possible

Road Design Manual (MLTMA, 2010)

Tunnel portals (50m section): less than 25m

Highway Construction Spealized Tunnel inner part: 20—60m
Specification (KEC, 2012) Section change part, ground change part, reinforced concrete and unreinofrced concrete
junction part possible
Railway Design Criteria (KRNA, 2013) Section where the effect of tunnel external temperature is big
Structure Foundation Design Criteria — Conducting thernal volume change structural analysis: Unnecessary
(KGS, 2008) — Long retainingwall: Need to install the expansion joint
Multifunctional Administrative City In case that temperature change between tunnel inner part and tunnel outer part is big

Specialized Specification (MACC, 2012) | enough

Tunnel Standard Specification

(MLTMA. 2009) Section where cracking can be induced due to temperature change or section change

Tunnel Design Criteria (MCT, 2007) Section where the effect of tunnel external temperature is big
Concrete Structure Criteria Retaining structure: if a thernal volume change structural analysis is conducted, the
(MLTMA, 2012) expansion joint unnecessary

*MLTMA: Ministry of Land, Transport and Maritime Affairs, MCT: Ministry of Construction and Transportation, KEC: Korea Expressway
Corporation, KRNA: Korea Rail Network Authority, KGS: Korean Geotehcnial Society, MACC: Multifunctional Administrative City
Construction Agency

BHE 23CIE 2old & 357 AUFR0IS EXILt0] st g7 41



Table 4. Design creiteria of expansion joint in foreign countries

int L
Jo Expansion joint Remark

Organization”

Transverse contraction or expansion joints are not normally needed

) Temperature change
because the seasonal temperature changes are small in tunnels,

Joint in concrete construction

(ACI, 2001) except at the portals 's small.
Expansion joint may not be required except close to the portals
Cut and cover tunnel Expansion joint is ustally provided at the interfacing with ventilation
(FHWA, 2009) building or portals or other rigid structures to allow for differential
settlements and movements associated sith temperature change
Boring tunnel (FHWA, 2009) 36m
Concrete linings for tunnel built )
: Installing at the
by underground constructions 8—12m construction ioint
(DAUB, 2000) ]

Structural design of concrete
lined flood control channels
(US Army Corps of Engineers, 1995)

Concrete channel lining and concrete
ditch paving (Memphis, 2005)
Norwegian tunnelling technology
(NTS, 2014)

*ACl: American Concrete Institute, FHWA: Federal Highway Administration, DAUB: The German Tunnelling Committee, NTS: Norweigan
Tunnelling Society

Expansion joints are commonly located at changes or junctures in
structures

9Im Flood control tunnel

Reinforced shotcrete lining: 30—40m NMT construction
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Table 5. Test construction status

Daun 4 tunnel

Total length : 590m ‘

Test construction @ 329.5m

| Ulsan direction |

| Pohang direction |

Test construction @ 271.5m
Total length : 590m
Kwanmun 2 tunnel Total length @ 2,670m
Test const :
234m 72m
| Ulsan direction | |
| Pohang direction | |
Test const :
180m 81m
Total length @ 2,795m
Nokdong tunnel Total length @ 515m
Lining Test construction @ 515m
| Ulsan direction | |
| Pohang direction | | |
Test construction: 300m
Total length : 300m
Nokdong tunnel Total length : 515m
Duct Test construction : 360m

| Ulsan direction |

| Pohang direction | |

Test construction @ 234m

Total length : 300m \
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Fig. 1. Measuring device of shrinkage and expansion
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Fig. 2. Temperature change in tunnel with concrete curing age
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Fig. 3. Shrinkage change at the joints with concrete curing age
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Fig. 5. Concrete expansion with temperature change (based on

10m)
Table 6. Concrete shrinkage (based on 10m)
Concrete age (month) 0.25 1 3 12
Shrinkage rate 27x107° 20+107° 14%107° 7+107°
Shrinkage with age (mm) 2.7 2.0 1.4 0.7
Accumulated shrinkage (mm) 2.7 4.7 6.1 6.8

References: Road Desing Manual. Section. 5. Bridge (MLTMA, 2008), Road Bridge Design Criteria (MLTMA, 2010)
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Table 7. Various conditions for numerical analysis

Boundary conditions at the Temperature increase
Cases - .

linging—ground contacts (C)

. - Casel Free 25

. qurent desgn cvorl1d|t|on Case? Fix o5

(with expansion joints)

Case3d Fix after shrinkage step 25

. . - Case4 Free 25

. ColnS|dered deS|gn golnd|t|on Cases Fix o5

(without expansion joints)
Caseb Fix after shrinkage step 25
Table 8. Properties for numerical analysis
Elastic modulus Poisson’s ratio Unit weight Thermal expansion coefficient
Concrete lining (MPa) (kN/m®) (m/m-C)
25,000 0.2 23.5 1x107°
) Normal stiffness Shear stiffness Tensile strength Cohesive strength Friction angle (°)
‘.Jo.lm betw.een KN/m?) (KN/m®) (kN/m?) (KN/m?) g
lining sections
25,000,000 2,500,000 0 0 35
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Table 9. Result summary for various analysis conditions

Shrinkage step Temperature load step
Case Boundary condition Gap at the | Compressive Tensile Gap at the | Compressive Tensile
at the contacts joints strength strength joints strength strength
(mm) (MPa) (MPa) (mm) (MPa) (MPa)
Casel Free 3.78 0.81 0.42 - 6.82 0.01
Case?2 Fix 0.39 1.05 1.51 - 8.69 -
Case3 Fix after shrinkage step 3.78 0.81 0.42 3.26 9.59 -
Case4 Free 411 0.84 0.44 - 8.44 -
Caseb Fix 0.39 1.03 1.50 - 8.69 -
Caseb Fix after shrinkage step 411 0.84 0.44 3.51 9.59 -
12
- mShrinkage step
a 10 Allowable compressive stress (9.6MPa) @ Temperature load step
= ) [
E 8 [ ] ® [ ]
w
o [ ]
% 8
4
o
£ 4
]
“
=]
£ 2
£
= [ u [ | u (]
0
Free Fix Ficafter Free Fix Fixafter
shrinkage step shrinkage step
Current design condition Considered design condition
Boundary conditions at the lining-ground contacts
2
m Shrinkage step
175 @ Temperature load step
T
o 15 O ]
£
w 125
2
] 1
&
§ 0.75 Allowable tensile stress (0.64MPa)
20s = = m =
5025
0 L L 2 L 4 g L @
Free Fix Fixafter Free Fix Fixafter
shrinkage step shrinkage step
Current design condition Considered design condition
Boundary conditions at the lining-ground
6
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E 45
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E 15
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Fig. 8. Comparison of numerical results
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Table 10. Reestablishment of expansion joint installation

o
AA 9 AEA 9] 7RSS Ak A A-AIST

5 & W 2=wstel BT A5
olg2 HAXT ot gl A o= Uehith webA H
9 AALE aeste] @A)

AYE DL Sl 4AlFolSe AAxtAE Hh e
2 WA Davt Qe Aom Ueht o Table 103}
ol Hauo 22 E ghold W 359 4lFols
A eetol tigt 7|Ee A "Hoke] AJAIstarA} giet
%, " AR o] FA2E ol 9 F-Etof| A9
AF0] &2 AlFolS3H E 50|57} 9-12mE A
AL AzxpFo 2 Q] o] FFoA oA o] 7}

FHAQ) Aol e M5 ghot

B2, 7 A2 E g ek, X5 H4
gt HeR(FsAst 3 7, 23 FEEAE
gtold H Soll 232E @Yol e-HE Al A
Solee A dart e Aer dddnh B
SERSkel PR AFol52 Algoleity =0l
7F 9-12m= AR Ee o Frk2 A Fart gl
o1} olef thE Az AR M S 4
ot & AR 9 4 A dart s AL
2 ekt 35 AR SR o et 4
o] FEAIF AFoleS A & oIt e o=

€
AFols A7 AdHe Sl Uehute Al 3
&

ZAA|Z &7 Table 11-Table 130] el Slct.

Specification criterion

Design application

Reestalishment

Lining less than 25m less than 25m

 Tunnel portals (50m section): | « Tunnel portals (50m section):

* Tunnel inner part: 20—60m * Tunnel inner part: 27—36m

» Expansion joints are not normally needed for a
tunnel as long as either construction or contraction
joint is installed with a spacing of 9—12m. (But
expnsion joints can be required for cut and cover

Duct - less than 25m

« Tunnel portals (50m section):

* Tunnel inner part: 27—36m

tunnel, section change part, ground change part,
reinforced concrete and unreinofrced concrete
junction part).
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Table 11. Economic effect

Cost/km/one direction Remark

Before reestabilishment

8.4(6.3)x10° won

Cost for exapnsion joint installation/km/one

After reestabilishment
Effect

0.9(0.9)x10° won

direction with 27m (36m) spacing

Saving (D-®) 7.5(5.4)x10° won

— Lining: 7.1(5.6)x10° won

®e e

Saving rate (/D Xx100%)

89.2(85.7)%

— Duct: 1.3(0.7)x10° won

Table 12. Effect of construction time shortening

Expansion joint spacing (m) No. of expansion joints Installation time (day)
N 27~36 38 6.3
Lining
250 based on section change 5 0.8
Variation 33 (decrease) 5.5 (decrease)
27~36 38 3.2
Duct
250 5 0.4
Variation 33 (decrease) 2.8 (decrease)
Total 8.3 (decrease)

= |nstallation time for an expansion joint: linging — 80minutes, duct — 40minutes
= Construction time shortening due to the decrease of expansion joints: 33.2 days / 1km (one direction)

Table 13. Effect of constructibility and quality improvement

Effect
Lining . Increasel of the degree of construtibility .
» Economic effect due to the decrease of equipment use
Duct . Qualityl imprlovement of concrete due to no mandatlory pgtting
* Resolving discrepancy problem of wall and foundation joints
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