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¥ Effect of Structural Restraints : ii. High Cracking Risk of Continuous Steel Box Girder Bridge

Type |: Multiple Span Steel Box Girder Bridge Type lI: Single Span PC
ain Girder >0 4.4 Composite Girder Bridge

RC Slab 4.0
>
3
Girder < 3.0
&
% 20 1.36
Transverse ©
Girder o 10 ——-.———-
Base Isolation 0.0
- Cumulative stresses in different concrete placement Lots Shikesen Hikohei
Tenslle strength of concrete at the final day of concrete placement . . . .
15 Longitudinal Stress Longitudinal Stress
30 3.0 Y r r Y T r 3.0
25 ‘ 3
T 20 - 2.0 i 2.0 Stress X (PC Slab)
S i5 a 1.0 Y —Stress X (PC Girder)
=10 g . | % 1.0 ? y A '
wn | v = A N =% Lii:“ -',.'.‘Af,"-‘ )
2 :; ﬁ o8 Stress X_A P 0.0 : v._'/*ffr’f"‘" o s
LA £-1.0 + ——Stress X_B £-10 \,”
1.0 2.0 ——Stress X_C . L 2.0
15 ——Stress X _D ;
g ; -3.0 : = -3.0
AL T 4 - Ly Az 0 4 8 12 16 20 24 28 0O 4 8 12 16 20 24 28
P3- = P2 3 Pa L) PE
Concrete placement lots and support locations Material Age (Days) Material Age (Days)

# ‘Three times higher cracking risk’ of Multiple Span
Continuous Steel Box Girder Bridge compared to Single
Span PC Composite Girder Bridge .

iCracked (Lot 1, 2 and 3)

L Partially Cracked (Lot 8 and 11)
- Uncracked (Lot 4,5,6,7,9, 10,12 and 13)

Cracking Index : Tensile Strength/ Tensile Stress  «  Tensile stresses generated due to Stepping construction
Crack Occurrence : Cracking Index < 1 increase the risk of cracking in multiple span bridge

decks.




¥ Influential Factors for Transverse Cracking : i. Effect of CTE of RC Slab Concrete

Type |: Multiple Span Steel Box

Crack Occurrence : Cracking Index < 1

. . 0 1 Stress X (Location C) [ [ 7 2.0 -
Girder Brldge 4.0 t 1 1 1 i ' 1.8 -| mShinkesen Ohashi Bridge
' ain Girder < 3.0 15 - 1.36
& )

RC Slab =20

v

Cracking Index

£ 1.0 — 7
Z0.0 ——CTE 12x10-6/-C
1.0 CTE 6x10-6/<C
Taisiend ; ——CTE 8.4x10-6/-C
Girder -2.0 ‘ '
0 4 8 12 16 20 24 28
Base Isolation Mateiial Ade (DEve) CTE6 CTES  CTE12
Steel Girder CTE=9x10¢
, 1.5 25
Type lI: Single Span PC T a /W\«WJ\J\A V\/J . 20.32 Hikohei Bridge
Composite Girder Bridge 0.5 JUV\“V W an N WA < -
= )\ M“W\fvffv AW A < 15
g‘l 0.0 /_ l ”_\J \'\_W ,\J\,\ _/V VAL AN \N‘ .J\V\.I.‘n,f i
0.5 £ 10 8.85
€ 10 E
5 RC Slab CTE 6x10° /°C E
-15 —RC Slab CTE 8X10°#/°C _ 5 1.89
20 —RC Slab CTE 10x10/°C B ; ; |
. —RC Slab CTE 12X10 ¢ /°C
ek . i -_"rr CTE6 CTE8 CTE 12
Material Age (Days) PC Composite Girder CTE=10x10¢

% Multiple span steel girder bridge : Cracking risk increases when Coefficient of Thermal Expansion
(CTE) of concrete differs much from the CTE of restraining girders; possibly due to the higher
restraints caused by steel girders

#» PC composite girder bridge : Cracking risk increases with the increases of CTE irrespective of PC
composite girders’ CTE since the Young’s modulus of RC slab and PC composite girders are
approximately same.




¥ Influential Factors for Transverse Cracking : ii. Effect of Concrete Placing Temperature
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¥ Influential Factors for Transverse Cracking : iv. Effect of Expansive Additives

Shinkesen Ohashi Bridge Kosano Viaduct Hikohei Bridge
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Quantitative Evaluation of Effects of

Crack Control Methods for NATM Tunnel Lining Concrete
by 3D Finite Element Method

Institute of Urban Innovation, Yokohama National University
PhD student Keitai lwama
Professor Akira Hosoda



Numerical simulation model

Waterproofing sheet with air gap
Second lining

Waterproofing sheet

Second lining surface
divided to 6 sections
S1-S6 different
\ air temperature

New lining
-second lning-

Previous S6 5/_‘ s
lining S4

Shotcrete
-first lining-

T __ Waterproofing
: sheet

Shotcrete

Idealized rock
surface

Thermal boundary conditions

Picture of curing

after form removal Considering
the curing method

Second lining

Heat transfer Before form removal: 6
coefficient (W /m?°C) | After form removal: 3

Drying shrinkage is not considered




Calculation of thermal crack index

The way of investigation

Using “Minimum crack index”

calculated in 20 days after placing

Location (yellow point)

50cm above
the invert concrete

20cm inside
from the surface

__ Tensile strength of concrete

Tensile stress of concrete

Crack index
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Height from the invert concrete (cm)

Crack index
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Quantitative evaluation of control methods

Effects of initial temperature in summer construction

2.44 | Decreasing temperature
only by 5 degrees will greatly
reduce the risk of cracking

10 °C
15 °C
20 °C

2.03
2

Initial temperature

25°C 47 | Reducing the initial temperature of concrete
30 C from 25°C ta 20°C will lead to prevent cracking
35 °C even|in summer season in Kodsuchi 1st tunnel

0 0.5 1 15 2 2.5 3
Crack Index

Effects of utilizing high fluidity concrete on cracking risk

87 Using high fluidity concrete can
mitigate initial defects and
it can also contribute to
the improvement of productivity

51.0% (normal)

41.3% (high fluidity)
45.5% (high fluidity)

However, medium fluidity and

high fluidity concretes have

wic 0 0.5 1 1.5 2 higher risk of cracking near at S.L.
Crack Index

45.6% (medium fluidity




Quantitative evaluation of control methods

Effects of partial pipe cooling

Partial pipe cooling has been utilized
in actual NATM tunnels

Three-stage cooling pipes
which is 1.2m height and 5.5m long
are arranged in the middle thickness

of the second lining concrete

= water temperature  : 20°C
t cooling time : 30 hour
inner diameter of pipe : 27.6mm

Cooling pipe arranged

Medium fluidity partially near the invert
+ Cooling 161 will reduced
45.5% high fluidity 9 / the risk of cracking
+ Cooling _ - — _
41.3% high fluidity H_|gh fIU|d|ty_ concrete Wl_th
+ Cooli utilizing partial pipe cooling
ooling
can control crack and
0 0.5 1 1.5 2 other initial defects

Crack index
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