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FIGURE 2.8 Bridging action of steel fibres
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o WNMA%EMBMEEERE Development of the SF material
o BTHEBEITHRE-ZE T RGN Z2E7E  Current Chinese design code based on test
« HETFERAMPBERZITEIL Design theory based on residual tensile strength
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Crack width for three-point loading on a fibre-reinforced
beam with a notch

Test on beam of fibre-reinforced concrete with a notch
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Design Method of SFRC Structures Based on Post—crack Residual Flexural Tension Strength
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o MA%MEHEREKRE Development of the SF material

o BATHEEITRE-ETREFNF4ERm R2EE  Current chinese design code based on test
o ETRAMNBERKITEL Design theory based on residual tensile strength

o HHBERITEFHBEE HFWIRERHY Advantages of SFRC in segmental lining
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Problems among current applications
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Problems among current applications
Metro Trans
- RERFEAREIEIN, EREAHEANAK Heavily reinforced segments for deep buried tunnels
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Problems among current applications
Metro Trans

- RNEFEASEIEN, ERECEEAAK Heavily reinforced segments for deep buried tunnels
- BERRIPEEEX, EhKELHREZRE™ERIR Vulnerable to damages at transient stage
(AR, =h. max. Fis. T, B3R, RS JMUSRED)
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Problems among current applications

Metro Trans

- RNEFEASEIEN, ERECEEAAK Heavily reinforced segments for deep buried tunnels
- BERRIPEEEX, EhKELHREZRE™ERIR Vulnerable to damages at transient stage
© BRDWEFERIWERES, ZZINFIMNREEN

Tunnels in soft ground vulnerable to environment changes at permanent stage
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Tunnels in soft ground vulnerable to environment changes at permanent stage

- INFHERRTERRIE  Advantages of SFRC segments
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FIGURE 2.8 Bridging action of steel fibres
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MRELRIEFNFRRBESF R Material test and residual strength grade
> IR RIMERE, BB, MK BB
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>
> REBERWENINRSH

post-crack hardening
o= few

s fru
! post-crack softening

Linear model
The linear model identifies two reference values, namely fr, and fi.
They have to be defined through residual values of flexural strength using

the following equations:

Rigid-plastic model S =045fy (56-5)
Is :

The rigid-plastic model identifies an unique reference value, fp,,, based on
the ultimate behaviour. Such a value is determined as: fow=Sa-

CMOD (g =05/ +0.2fy) 20 (5.6:6)

where w, is the maximum crack opening accepted in structural design; its
- valuedepends on the ductility required.
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Design and Applications of SFRC only Segments

- RIS IERAIBESS Material test and residual strength grade
> RETEMEIAE. BE. RhK BE
> TR RSN, TIBRE. BEL. EEEK F
«  AHIEEIRIZITAZEConstitution mode and design method
> SRR (RARREEAEL)
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X
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P32 LR FARKT 02mm, BEAHER (732-D I, RBROREHELTHE.
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1 AR )R ) -RARR AW 7.3.2.
2 SRR ) TE P AR FRAR A (K HUHL SR EE fresy = 0.85 frsics
3 IR K AH IR LFERA fior: 0 < frex < 0.85ffuirse
Linear model

The linear model identifies two reference values, namely fr, and .
A REANEREE
They have to be defined through residual values of flexural strength using . i FRCESEABIRS

post-crack hardening the following equations:

- fru
! Jre =045fy

s fru :
:post-cracksoftenmg fow=Fn—

CMOD

(56-5)

oo (fr =05/ +02/) 2 (5.6)

where w, is the maximum crack opening accepted in structural design; its

value depends on the ductility required.

0.85 oy 0.856 5~ w/lcs
P 7.3.2 AR 5 — B B AR 0 5% I R 4 I AR T AR AR 7 T ST

4 AR (73.2-2) ~0 (7.3.2-3) iHH.
Ny < finbx!2-0.85 fr . bx, (7.3.2:2)
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Design and Applications of SFRC only Segments

- RIS IERAIBESS Material test and residual strength grade
> AR, BE. K BE
> INFHERRTAREBESR. NALRE. BEL. EEEK

. AHIEEI A Constitution mode and design method
> SRR (NMEREAR)

SREITENAMIEE S AIEE

TN R R T AENIRE A, ULSHIERMNIEX L,

REFEWENIIRSEH. SLSHIERMNEXHZ P 21 Dt of s b el et ey e M e

configuration (a); German segment configuration (b) (de Waal, 1999).

FETHMEIRE (BE. miz. . TRIBE) [ R

(a)

Fig. 4.2-2: Strut-and-tie model for evaluating the global tunnel segment behavior (a, Schniitgen, 2003), (b,
Blom, 2006).
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- BERWENELRIT Detailing of segments and joints
o FIAREFNE Economic advantage
- MEKREREERES Quality control

- HETFNGUL Constuction and acceptance
E.PQEEMMMEHRMT., Domestic use of bolts and appllcatlons as shown in the

followmg figure.

ZiZi2Bent bolt #IE1g#0blique bolt
B < 100km/hE i FIRiS BE > 100km/hE FS RIS
5 ok i3

<EiZ#2long straight bolt FEETIRI2 short straight bolt
BJiE < 100km/hER SRR , W.LiE RERLRE
Mg

_— HSHE LIRS Pin plug bolt
HEAVERERERA , SIS

-.nl“l‘ ) ' i '

Jln ] b - |||”\HI|\“| l‘J‘r;
- ('[ |‘ |‘ “ |

Figure 1. Transient load situations during production: (a) demoulding; (b) stacking; (c) handling and
(d) transport
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Design and Applications of SFRC only Segments
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> FASSFRCERHNZHEICTIE K& Design and detailing of SFRC segments without rebars
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> ERITERADRIZEEN Internal force computation and monitoring

BRIRSEARDITE ULS ERRND AEES
IERERRSIEE SLS REVENE BEETRE
SAT.‘.%“‘?E‘EET:‘\ B i o Limit State Design method ULS SLS Check of width of cracks and deformation

19 ND,
CIRCUMFERENTIAL
JOINT DOWELS

oM ~—RING LENGTH
TUNNEL ~
1L a0

(244 FOEEC ) RIERE FERE
load (whole Earth column Tyshaki Theory)

Shallow buried tunnels and Deep buried tunnels.
kit

MRt
REAFHL

A AE

RroAL BoLT —
CONNECTORS.

\
.
\MRI?!G LENGTH
1200
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ToARSFRCE B HIZIHEICHIE FHiE Design and detailing of SFRC segments without rebars

Metro Trans

-

FUETEREITERIRIGIA (BAFF07AS) Crack width check and confirmation by tests

2t
>
> BRITERAEIZSON Internal force computation and monitoring
>
> LIS R FoiBkeIEL Joints tests and jointless design

Segment being p_l_a_ced_‘\LFﬁngreremed
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- BH—LHARIAE:

FToEASFRCE HANIZITERICHNE H#3i& Design and detailing of SFRC segments without rebars

BUEEEITERRGHA (BFEAS) Crack width check and confirmation by tests
ELRIO N Foigre ESL Joints tests and jointless design
SIAEIMEFIER. EAIERMY Applicability to different berried depth and geology

(RiEpxE. REKL. ARG © 63 KM K
Z b=, YMNRSZ ) p——
REFHSSHE : K& &5 I #IE

et
>
> BRITERAEIZSON Internal force computation and monitoring
>
>
>

Alluvial alluvial strata: Changchun,

Shenyang, Beijing.

Deep silt soft soil layer: Tianjin,

shanghai, Nanjing, Hangzhou, etc.

Lithostratiaraphy: Chongqing Guiyang
etal.

Uneven soft and hard composite strata:

Dalian, Qingdao, Guangzhou, Shenzhen

~ andsoon
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LHRRIINS
FoEASFRCE FANZITHEICINIE 5 #9iE Design and detailing of SFRC segments without rebars

RUERETERIREHIA (BAIF1FES) Crack width check and confirmation by tests
RIS R ToiEreEESL Joints tests and jointless design
XIAEMERFIER. FERERMY Applicability to different berried depth and geology
ERSATIWERTIFESS National code series
(EtRE. TWARE. BEZRINE)
(igit. #8l @ L. Bl Wik, [REEES)

EH—
>
> BRITERAEIZSON Internal force computation and monitoring
>
>
>
>

duction: (a) demoulding, (b) stacking; (c) handling and
(d) transport
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