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Development of a Vertical Anchor Boltless Bridge Bearing

R ORANM, w0 EEELS, BGE O, Tk B, R e, BV Y T U TR
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Bearing replacement during bridge renewal works requires the installation of new vertical anchor
bolts. However, in cases where end diaphragms have already been strengthened during previous
seismic retrofitting, the clearance beneath the girder in the vicinity of the bearing is often
insufficient to accommodate the drilling equipment required for core drilling and anchor-bolt
installation. To address this challenge, a vertical anchor boltless bridge bearing has been
developed in which no core drilling of the bearing seat is required.

Keywords: Vertical anchor boltless bearing, Bearing replacement, Bridge renewal project,
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Experimental Study on Pull-out Performance of Rolled-Thread Anchor Bolts
Anchored in Reinforced Concrete Joints of Timber Moment-Frame Structures
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When reinforced concrete or steel-reinforced concrete is used for the joints of medium-to large-
scale timber structures, one connection method anchors rolled-thread anchor bolts (ABR) in the
concrete and connects the projecting portion to timber columns or beams via adhesive or steel
hardware. In this study, pull-out tests were conducted on ABRs of several diameters in order to
clarify the bond performance of ABRs anchored in reinforced concrete. Under stress close to the
tensile strength of the ABR, almost no strain occurred at measurement points deeper than 15-20
times the bolt diameter, confirming that bond action did not extend to those depths.

Keywords: Reinforced concrete, Rolled thread, Anchorage, Bond stress, Medium-to large-scale

timber structures
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Experimental Study on Geological Prediction Ahead of a Tunnel Face
Using Construction-Induced Vibrations
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To support the automation and remote operation of mountain tunnel construction, this study
investigated the applicability of microtremor array exploration using construction-induced
vibrations for geological prediction ahead of a tunnel face. First, three-dimensional FEM dynamic
analyses were conducted for a sedimentary rock mass, and the S-wave velocity structure ahead
of the tunnel face was estimated using the spatial autocorrelation (SPAC) method and the
Neighborhood Algorithm (NA). The estimated results were generally consistent with the fault
location and S-wave velocity structure defined in the numerical model, confirming the theoretical
applicability of the proposed method. Subsequently, field measurements were carried out during
rock bolt installation in an operating tunnel. The analysis identified a low-velocity zone extending
approximately 10 meters ahead of the tunnel face. These results demonstrate that microtremor
array exploration using construction-induced vibrations has potential to serve as an effective
method for the remote investigation of geological conditions ahead of a tunnel face.
Keywords: Prediction ahead of a tunnel face, Microtremor array survey, FEM analysis,

Mountain tunnel
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Development of Seismic-Based Detection and Visualization Techniques
for Deeply Buried Pipelines
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Accurate identification of the locations and burial depths of deeply buried pipelines is essential
for urban underground construction. However, conventional investigations are often time-
consuming and labor-intensive. This study investigates an efficient seismic exploration method
using elastic waves for detecting deeply buried pipelines. The results showed that a chirp-based
survey configuration, in which excitation and receivers are arranged along the pipeline direction,
is effective for pipeline detection. In addition, a high-resolution processing method based on a
state-space model and a technique for visualizing scattered waves from buried pipelines were
examined. The effectiveness of the proposed method was confirmed through field experiments
and numerical simulations.

Keywords: Underground infrastructure, Buried pipe, Seismic reflection survey,

Numerical simulation
1. [FC®IZ

KIEE, TKE, HTRAE, BH -@BEIFr—7NL02EOMTA 770, el LTEERZEHZH > TV
b, —F, FEMARHBRERIT, HMTLECBTZ2HEELORBVEBRLOER LS D, £z, FKEOEMLIZ
L0 KR EROMEZFETIE, EYMBICLSHBEROBITIEDIZHL DR Y, A RATECHE~OFEIX
BN WbE DL D D, O, HIER ﬁ@ﬂ%%ﬁf%#@%fﬁﬁ#é%ﬁ&mﬁ*w%ﬂfw

M FEEICEHP L — A BEENELSFAINTEY, BRERMIEH#HENATRETHD D, LoL, ﬂ?*&
DOEWVHIIECRE 2 m 28 1 2R E CTILEMEOBENRE L, #HHPRETHD, 20, FEHHERED
FAEIITAR =Y ZHREIZR ENRKE L2, ZRAEFNEZELTND

FEHRDILINE T, BB IRAE & E 50 - MG EZRAAEDLESZ L CHBEEMELHETE S
TEEMR LYY, LML wi?—&Gﬁ%mkﬂﬁﬁuﬁmﬁﬁmﬁﬁﬁkLfﬁéﬂfwto% TARH
T, BE2m 2B 2HBRERETEONEEZAMNE LT, #UARMETELREEMET VE WG 0
BT arR) oa—va VILBLFRIL, 220 NS SsIP BRI LA HBREMBEBO AL TEZRAB L O, S 51T
T4V FERBIOEKEY I 2 —va ik, BAERFEOEIMEERAELT,

BT AT B FE HEE

23



TV T RIS R A 5 1 5 (2026 4F)

2. BREREIELAERSOREL

PER D SEHETE IR R A & SR 2 AV T R B R A H IR O W E & A B -1 13, PERHN A ISR 0 5
@%ﬁﬁ%ﬁ%ﬁ%&#é@’ﬂb HERE R EN CITHEERE 2 D OBELK N EZMET 2 LER D D, Z0
7o, HERE O HGE W B IR IR IR T M AEET S 2 A B E LT 2 IRTRE ER & F L 7=,

*%V%TW%%IJgqﬁﬁbttm-xm*#%§4\ﬂﬂu%%u~AE%%§3mifﬁML,@a
BRLDEREN 1S mBLP2.5 m &2 L) ICHBR LEEREZEMLUZ, BHRIINZEOS mOb = —LEf gk
HRIE - 2R 2 B E L, ZIRAUT 0.1 m BIFE T 81 4%, EIRSITHERS X HFAIC05mA 7y bL
ToALEICEE L, IR AR AR RE R f RIS, T =2\, Ty —7, TUH L, AT TD 3
FREBH Lz, ZEISIT 3y (X, Y, 2) EEFZHA, BEEZIRAZ FEE Lz,

3FEOER SN CTRG L2 IRT — & 12, MAMBAIEZEH L, 2 KooEEERBERZE-3 2R T,
HERE D OBELL L, HEEMEZER T2 WMEROERE LTl Shz, BiF - ZE\EF/MI Lo
FMRAZLKT 2L, WTROREFRICBWTYH, X FAOER—ZREE R IR o U2 RS ik b 3
BRICHRINTZ, 2OV ([EIX 2 RKROHRBREDAKEAELFISLTEY, HRENLOBMEHE TH L Z
EWRGD D, Andre(2019) 5 Dik, LB MU CIX S FHIRIES Bl L, JIRRE RS 7 18 O KRR — K EZIRIC L - T
ROBOWKHERBONDZ 2R LTS, RERTHRFOBEM BRI, HBREREEICBOTHAER
B—AREZRICL D ST EHERBEERGH TH D Z RSN, BEFRE2HETHE, T 00
KT BEL S OIREN /N E <, 27 v 7 HRIFEHEE OREL L ORESKE W2 OIS & —HER -
oo —H, Fx—7HXTITHEBEEN» S OWMELL IS K b HIRICBM Sz, DLEXy, HEF 0BG
DT v — T HROAEREIE - AR EZERBED, AHRMERETHD LD,

ut%}im (RENEHIERIZS) EEREAVCERERE
il
®-1 AESE
100 100 5—1 @*}E ° %*)D:i%ﬁ:

Fy—7 (ARBEREH) A=K
’iRkA*® SV LAR

0.0

wiRe ik - N
15m (X:3m, Y:5m) ATy 7 (RRBRATy TEHR AR
G i EREKEH  20~400Hz
(A0 5m. 0584 e EEE AR
B-2 RBveA7 7k R Tgmmx | grvoaLmmkR A

SUFLAR

ORI
Y(m)

D E3 2 KEEERGE

24



TV T RIS R A 5 1 5 (2026 4F)

3. KEBZEMETIVEICK D RETROEBRILLE

SCEHE MR O F — Z ML, SREEOE ORI e TR A L 0 BEICEBLT 5 REHMRER Y 2 HEE T
HILHEHMELTITY, BAETEI SN D KEE x(0) 1%, EIRER wt) & R EEI e(t) DR Y o —
vary (BRfE, *) THRIND,

x(t) = w(t) *e(t) (1)

FarR)a—ar7 B, BRBEOW T 4 V2 wi(t) 2R D2 LT, BHIEEZ KRR D
DVEA NV RIRD IR L, B REER M TG A A — VA2 B oI EA SN D,

e(t) = x(t) *wi(t) (2)

LvL, EOHEETIE, BIEREMBOMEEMRICL Y ANKRERENT D720, EOEIERK % EfICH
BI22ERHLL, TOFTANZERDDZELERS TRV, £2TC, REEMET VIZL D KHERED
HEEZRN Lz, WEEEMET VT, REFRUB IO FEAE LTRR)BLot@TtEans,

x(n+ 1) = Ax(n) + Bu(n) 3)

y(n) = Cx(n) + Du(n) (4)

2T, x(m) WRREZEL, u(n) (I ANME, y(m) 1ZBBEEZ R L, 4, B, C, D ITIRREZERFITTFITH 5, Crump(1974)
B LU Deng et al.(2016) ©H M, REEEE A SUNFREL, BLATTAIZ IR & Lich v~y 7 4 V2 52FKF L, K
FHEMMREE T — 2T 57 ar R a—var 7402 e LTEATAFEZRELTVWS, LML, Z
DOFFITHERIRFEZGRE L THEZ0, KB THWEF ¥ —7HRIRRICITEHN TE 20, 2 2 TR TIE,
ANTME u(n) % F % — 7RIRORIZEE, BUE y(n) % HEF CHIE SN E, IREES x(n) & KR L+
BDIREEMET N EEERET I I~ T AN AT arR)a—ar 74002 LTHEALE,

REEMETAECLDTa v R a—va v 7 AV OMBRERET — X ~O@EAEERIET 5720, =K%
TAEMECEDEEY I av—Ya v 2E LT, BEETNVODHMEZR-21C7-T, B I —va
Wi, ERGEZFELER-40REET A ER W, E7ATEEIX FH 10m, YHHE 10 m, Z5H 20 m &
L, ¥EE3mllEamEl s, FAUE2ERD — A0 MEEICERE Lz, 7 S & OV (13RI f
StrEEAL, 7V v FRERIX0.04m & Lz, ANEEICIE, 20~400Hz DT v — 7 E5E AWz, 72, 62
BEOLRTEEER OB EZAREL T 570, EBIRABLOZESAITIERE A AEE L,

&2 BEET L O
< PEERE | SEEE HE
0.0 (m/s) (m/s) (t/m*)
00 A 300 90 1.1
- RS —
ﬁﬁ“ﬁﬁ{ A (X:3.0mY5.0m) Basa— L 470 130 1.4
GREIm = ) o F] Ea—LE 3800 2400 2.4
(X:2:5m. Y:1~9m
2.5
[s0 | fEkFx REAERR) | REZMETIVE |
i - < T 4= FRBF—4 >< MEYIAL—YavTF—4 >
BiRO—. R - 0 0 0
(P#E0.5m 51 £%:0.584m) Lo sy -
Li2s g . 'gom
L E
i= 0 =

F15.0

0.06

F17.5

Lsoo
Y(m) Y(m) Y(m)

®-4 HfEeT L B-5 CIRABZERE 7 Lk O R

25



TV T RIS R A 5 1 5 (2026 4F)

H2EIR LI 2R A FERT —FBLOBEY I 2L —yarF—2I2x L, WEEMET A ELEMA L
TR EE-5 IR T R E T VIEEEA L2ERT — % (R-5@) BLUOHEY 2L —varTy—% (K
-5@) T, MRFETHIMEEMBE (R-50) &L T, HBEE» S OMELE NS & v B\ S h
TVWDHZEDRHERTE D, T, MHSNIZHELKHNEITEEREORMERL TS, 2O b, RIEZER
BT ARIZ KO OB N EOICHEE S, ®OMEERT 2R Y 2 — v a VABEREBLI N TN D Z L AVURE
INhd,

4. sIP BHKIZ K HIEREMED AR ILALE

EHEFMEREEO AL TELE LT, v~ b= a VAEPNAS b Tnd, Srbky7~vA 7L
—va vy 0, KEEZ 2O SEITRIEROES L LTHRY, SRR DA T2 Bih#k o SO 2 8HE L
TEDERNY v EYTT B ETHHNEEAA—VTHFETHD, B-5Q0IREEMET WEIC L DERT
—HRH L THF e Ry I~ L=y a v alEA LR R BiE
-6 (2T, K-6 TITHBRERB LOMHIE®R N A A —Y ST
LN, FOMOKE A X MHZHEEN TR, HEE O H
IR H A A —=VICET 2 EAN R MR MNE LD, 2D &
No, WEREEZ X VESHOPABRICHE TX 5, Bk EAICHE
L7z ol b FiEICHOW TR L7,

SIP ZHEOM AR 2 B-7 (054, sIP 28k, 5 rosm B0 Xredky 7~ s r—va sk

0 1 2 3 4

5 6 7 8 9 10
Y(m)

DT, ZIRACEBSNDWHT — & gl )% RPN 7258 HELEA (sIP) A
WEOICEHT S Z LTk 0, R OMERE 22 E OBELIR THEL 685
S %0 % 7 OREICRIE X, Z OB SR T(Ep) D E— SRl
U EHELA L LT L, BELKOMEE~ v v 7T 5 HIET p -
%, sIPERIEE, (5)B L OR6) 2 AN TRD bR, L £ I (0 ¢ scatiered Image Point
ER(THTEFEZL, sIP BHIIINE®) TREN D ERF trsip Z W CER A= O+0 M e s TR
‘ B R B= O+0 |¢-opmmokTmE
B, v ITBEMEEEREE, p X sIP S DR IE £ COERRMERE, &1X I C= O+A | (=sPrmonEER
SIP B OO /K AR, ¢ 13 sIP EIE OO 1T A % R T, B-7  sIP Z ik OB
rEp)=Jglt=t(p,&x))dx (%)
p=N{+¢E? (6)

=3 v
VA JEHE -
v v
_ V2p% 4+ x% —2x¢ ™
v
=t -2
t,.sip =t, -
_N2pr+x2-2x p
v
V2024282 +x2 —2x§ — (2 — &2
v
PP x?—2x )
v

26



TV T RIS R A 5 1 5 (2026 4F)

SIP ZBSHiEClE, EIRA (S) M HLHEE R COBEMAE IP) £ TOER (S- \ mﬁﬂ

sIP EHF) DEZRATHBETHDL ZLITERT L, 22T, BIEA
ALK (sIP) THELH L, FBEA (R) ~BET 5 BELRCAH R D AR (S-sIP- I

(S) o i

(MBS 21— - FKZ 714 « AGC)

RAER) A5, S-sIP &M 435 LA /= £ (SIP-R AEM) % T sIP B 51T | \M |
5, TOEHIC LY, BELIRIEE sIP SR - AT S Z L STHEL 2 5, [ oromn-vran |

ZOFER, SIP SICB T A HMEKHEORBIENRE KL, ©—2 ORENRES & 72 ‘
Do EHIZ, BMH L SIP AICH LT sIPEHBEZEHT S Z & T, BILKTH (e E— 2 O3 IPRR)

LHMBEOMBEEZRET 2 ENTE D,

(1) 2RTBFEEERBRT—2~DOsIPEHRZEDOEA

F2ETRLE 2RI EEBR T — XY BLUFE I =
TRLEEMEY I 2 —Ya ryF—FICk LT, M-8
W R 7 1 — (CEV sIP A2 Lz, £7,
BIALER & U CHIEh A2 2 = — b L CEB 2 # L, FK
TANFIIZEYRERELS LOZESZOERE ) 4 5K
W L7, S 5IC, AGC %l A U CIRIERE & Ml iE L7z,
WIZ, sIP E#ax w8 L, EREICES< RiTeie M
EAHEIZ XD sIP ZHFH L7z, T D%, sIPOT 1 I3
A O(EHE) ARML, MEZHRELTE—2 &K
MU, Rgl, W sIP AHICKsTE—V %~y
Y7L, MREMELHEE L,

B-9 (T sIP B HE O AR B L OZ O LBIRRE %
YT, REEZER]E T VERIC K o TR L S /- R
D35 O AR OHCEL SO BRI, RTALBEES KON SIP
LT X o T sIP ISR - A &SN, Mifiahi
SIP & LTSN, Z20%, Bl E iz sIP AT

HRENRMBE~ B T7INTND D &ﬂ%m
X5, 2B, 2 WREERT — ¥ CILEERAE TN
bE—s BRIz, i, iﬁﬂﬁmﬁ’ﬁﬂ
Lizay 7 U— I 0NEEN I mHEoOBILIKE L
THRH ST EE2 NS, Fo, HEEINRM
By 7 &Nz —271%, HEEDL L RES
ERESITE SO L TR Y, Z ONE TR
AL L7 Z 2R LTV D,

(2) SRABFEEEBRT—2~DsIPEHRZEDOEA
HEE O XL 9 e IEHEE Y O iR O "TREME &
MFET 5720, F2ETRLEEREF UHEEBLW
EBGEA T3 RCEEEREEM L=, ERLA
7O NEE-10 27T, BB X F IS 1 m ERE TR
BL, BIESIZY FHIC 1 mBEk, X5HIC0.5mA4
7y PLCERELEZ, F72, HIETRLEZEEY
Ralb—va A UEMHT, 3R ERR 25 L
FEEYIaL—va b ER LT,

Time(sec)

Time(sec)

27

0.05

01

[l e SN2/

B-8 F—Xuf7o—

State 59809 data State space data

Time(sec)
o
a

5
Y(m) Y(m)
Preprocessed data Preprocessed data

Time(sec)
=)
a

5 5
Y(m) Y(m)
sIP transform sIP transform

0 5 10 0 5 10
£ (m) & (m)
o Emphasized sIP o Emphasized Peak
= .
G Y 2 A
= T — < — =
4 2y - -
— ~
% 5 10 & 5 10
£ (m) &(m)
- Peak detection 3 Peak detection
~2 2 2
£ ” O E o
s o — E he
2y 2y o/_, -
— ~
) 5 10 & 5 10
&(m) A &(m)
0 Peak mapping o Peak mapping
° 9 L2
=2 =5
E 8 E @
4 4
0 5 10 0 5 10
Y(m) Y(m)
DRTHREERRT — 2 BEZal—2avr—A
O 185%& o sIPs
-9 sIP A¥EOMARE L F 0T — X WP

i kg(wsm HE:1.5m)
X=0-5m. ®=0.5m
X=5-10m,® =0.25m

B-10 3 KITIREFEBRLAT U b



TV T RIS R A 5 1 5 (2026 4F)

B-1110, 3R A ERT — 2B LU0 I 21— a 0 F—ZICH L CSIPEMELZHEH LR B2 =T,
B I 2 b—a T, HEEE BRICH - T sIP APEFMICOM L, HMEREMNELZE/BECHETETY
B, —J7, 3WICREEETIX, HBRELUAOMBIZHLZEO SIPABRHBENT, b0/ A X%, KB
THEFICHER SN TV AT O a 7 U — M SR EOBERICERT I b DL EZBND, TOME, HE
BITHIET 5 sIP iy ) A RITHE L TR Y, HEEMEZHWRICHET 2 ¢8R/ TH-7-, T2 T, Zh
5D A XOHDLMEBEFITIINT D sIP R 32 FIEIC O W THRE L7,

HEEOL ) RRIBEDEZRHT 2 TIEE LTATERBD Y, HP L — X EE CIXEIHEERE O 3 KoL
EHEICEH S TWD 1D, NTEH#BITIKOG)TRIND,

p = xcosO + ysinb 9)

ZIT, p EEANSERE CORERBEN, 01X xthl‘BROLTATHD, NTEMICEIY, =27 U v FZE
M (x-y BAEE) % p-8 XT A —FEM~EWST 52 LT, RERZMHHT A LN TE S, AT, B-111C
AL 3 RICREERFERPORRT A IR AMERT L sIP 7T —F 2L, "7EREBEH L, ~7X&
UL 2R T —FZ WL TH D7D, 3WTEIEDSIP T — X% X, Y, ZHXFMIC02 mfE@TZY v KEL, &
DICIREFMIC 02 mBETAT A A LIZEBRT —Z Z{ER L TR Z1To 70, B-12 12RE 1.2mIcB T 57 )
v FME L7z sIP 7 — & ENTEWEREZRT, ~NTEMICBIT A= 0 bRO-EREEREDEL L, X
P T 5 sIP SA ER—H L TV D Z E AR TE D, B-13 12, RSN TRTOEMRERERKT 2 I X
VADSIP T X ERT, ANTEBRICE Y X RO UGS S, o, FRER L ONE
EEOHBRELRBFIC KL, U EXY, sIPEBRELE AT EREZALAEG DR RIETIEO R IELRHER
niz,

Prominence Prominence
09 ‘09
08 ) {08
0 o7 s ~— o7
) s = Pay,

05 . TR | o s

24 | =5 N Lo
5 . 05 @ ) el X ,U'fzi;’t",;c. 05

b — T8F
- = Ye
49 o4 1 o = oo ° 04
o 0 03 ~ 3 10 03
B T 8
02 6 T 7 6 02
2 T 2

01 CD 18305 Y¥(m) [} X(m) 01

—_ — sIP —
-, =/ b P ~ 0
IRFERERRT— 4 » O BB IaL—YavF—4 y

B-11 3 &TT — X ~0 sIP ZZ#aikiw ik 5

50 0 50
6

NTEBREER U FRed Li=sIPa NTEBRER Yy KRS L1-sIPs
SRARERBRT—4 o BHLEE—Y HE IalL—arvy—4
1 B Lt

B-12 7V v FEL=sIP T —Z ENTEHER FRE z=12m)

28



TV T RIS R A 5 1 5 (2026 4F)

09
08
07

06

"
03
02
o D EnE - “
° O slP& o °
SRTREEERT— 4 /O BBURESE s o L—vauTF—4

B-13 78T K 2 BERAE O MR & b s 2R

5 FEO

TAKIE 7 & ORI E OO RIRE FIEOR B EZ BN E LT, BER 2 AW R EREE FEERG L.
ZORER, HBEOHZRITAICT ¥ —7 FACTERIE - ZIET L HEHEBNENTHL L 2HR L, £/, K
BEMETMEICL DT 2R a—var 7 g VX EAWTKEREZSRBEICHET 52 & T, HEREND
DEL ST # AR L C& 72, &I, BELKSTE Z i U CHEEREME 2 kT2 FE2 A L, EBRER
EHMEY I ab—va VR EDBEAEEND, TOEMMEERHER L,

BEE « AR, AORRZPAFEEANIIERT O KA FHEEER L OIFENIZEIC L 2 THREDOT, HiFoIESLERO
REE - Ef - FROMFNIELET, ZLOTHFEVELETELL, ZIRERIEHOTEZLRLET,

SEXH
1) Yang, S. and Jun, W., Xiangyu, W., Yuan Y., Wenchi, S.: 3D reconstruction in underground utilities, Automation in Construction,
2023
2) MR - TAERBIRICER S 2 ) E R G i~ STl R L TAEEMEREIC &5 sl N & i~
HERRBUR, No.221, 2025
3) Yamaguchi, T., Mizutani, T. : Localization of Subsurface Pipes in Radar Images by 3D Convolutional Neural Network and
Kirchhoff Migration. 2021 IEEE International Geoscience and Remote Sensing Symposium IGARSS, pp. 4841-4844, 2021
4) FEERAT, AKRAEF, MILER B O 2R IRE FIE OB EIC BT 2 SRR R, A S R LR
BEREE 78 MFE R AR, 11-365, 2023
5) Kamiyama, K. and Mizutani, T., Hodotsuka, Y.: Determining the location of high-depth buried pipes using shallow seismic
reflection techniques, Journal of Applied Geophysics, 2025
6) FRFEMRAT, KBRFE] : MR A W IR EEESIROMSE, HNERT R YT LS - mIEE, F31E,
TR, C2-3, 2026
7) Andre, P. and Oz, Y.:Optimum source-receiver orientations to capture PP, PS, SP, and SS reflected wave modes, The Leading
Edge, Vol.38, No.1, pp.10-80, 2019
8) Crump, N. D.: A Kalman filter approach to the deconvolution of seismic signals: Geophysics, 39, 1-13, 1974.
9) Deng, X. and Zhang, Z., Yang, D.: Seismic data deconvolution using Kalman filter based on a new system model, Geophysics
81:V31-V42,2016
10) Weiss, R. M. and Shragge, J.: Solving 3D anisotropic elastic wave equations on parallel GPU devices, GEOPHYSICS, Vol. 78,
No.2,2013
11) Schneider. W. A.:Integral formulation for migration in two and three dimension, Geophysics, 43, pp.49-76, 1978
12) Mizutani,T. and Chen, J., Yotsumoto, S.: The 3D localization of subsurface pipes from Ground Penetrating Radar images using

edge detection and point cloud segmentation, Measurement, 2024

29



TV T RIS R A 5 1 5 (2026 4F)

EERIRICEITDEOMNEFOMBIREMERRICET H&R5

Study on Ground-Vibration Reduction Effect of Narrow Trenches in Construction Work
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Experimental studies were conducted on the ground vibration generated during construction work
and on the reduction effect of relatively narrow trenches of various widths and depths. The
following were confirmed:
(1) For both backhoe impact and travel, the vibration level was highest in the vertical direction,
and the vibration acceleration level was dominant around the 31.5 Hz band. (2) The distance
attenuation of ground vibration increased with frequency. (3) The trenches investigated reduced
vibration levels by 2-8 dB, with depth having a greater effect than width. (4) The effect of trench
width appeared as a reduction of approximately 5 dB in the 31.5-63 Hz band under backhoe
impact.

Keywords: Construction work, Ground vibration, Trench, Vibration Reduction effect
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Compaction Characteristics and Strength Development
of Soil Treated with a Cement-Free Ground Stabilizer Sustain-Geo

WH B, $ro—U= Zr=x*, oKk #*, S Eh
MOTOHARU UCHIDA, DAYANI SANJEEWANI, RYO SAKAMOTO, NAOKI TAKAHASHI

AT, BA Y MR LRWVEREREMEH T 2T 1 Geol (BLF, STG) ZHM LI+
i [ DR de K OTREJE BN AR L, BEEMERMB LS A S F B (LR, BB) Z#ML7:
Gk &l L7z, STG ORIMNC & 0 i KZBE TR T Lo b oo, 34 0 B KRR 0O — B ER S 13 E
EM IO G & LRl o7z, £, AT AR TIIBB 2N LIZHE %2 LREID, %A 28 ARFRT
EBBZRM LG A LB DD, ZOEITRENTH -7, LEORRNL, STGIE, #ilE
DEMED FUETICBT D8 A L FREMMOREME L LTHEETE D AMREMEN RSN,

F—T— R B, —EhEMREIR S, REE DR, COHIR

This study evaluates the compaction characteristics and strength development of soil treated with
Sustain-Geo (STG), an environmentally friendly cement-free stabilizer, comparing its
performance with untreated soil and treated soil with Blast-Furnace Slag Cement Type B (BB).
Although the addition of STG decreased the maximum dry density, the unconfined compressive
strength immediately after compaction exceeded that of the case without any solidifying material.
Furthermore, the strength of STG-treated soil was higher than that of BB-treated soil at 7 days
and slightly lower at 28 days, with only a limited difference. These results indicate that STG has
the potential to serve as an alternative stabilizer to conventional cementitious stabilizers for
compacted soil.

Keywords: Stabilizer, Unconfined Compressive Strength, Compaction Characteristics,

CO2 Reduction
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A Fundamental Study on Eco-Friendly Concrete
with Ground Granulated Blast-Furnace Slag as a Cement Replacement

Zom R, e T
RYUICHIRO MINE, KATSUHITO KOMIYA
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G)IREFBLUC I DIREIRIFIED, KEEEMILEZRT 26 L <X BF BHRELED D L REL< D,
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F—O—F REEEM a7 U -k, BN, @FEAY B, WRERHR, BEKFE

A fundamental study was conducted on environmentally friendly concrete using binders in which
a portion of various cement types (NC, HC, and BB) was replaced with ground granulated blast-
furnace slag (BF). Specifically, concretes with BF replacement ratios of 0%, 30%, and 50% were
produced in a laboratory at water-to-binder ratios (W/B) ranging from 42.5% to 27.5%, and their
fresh properties and compressive strength development were evaluated. The following findings
were obtained. Regardless of cement type, BF replacement resulted in: (1) a reduction in the
dosage of chemical admixtures required to achieve the same slump value; (2) a greater influence
of moisture supply on strength development; and (3) increased temperature dependence of
strength development as the water-to-binder ratio decreased or the BF replacement ratio increased.
Keywords: Environmentally friendly concrete, High-early-strength cement, Blast-furnace slag

cement type B, Strength development, Temperature dependency
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FEHRILE S RFEA YV FEEFRRASTHMARTERL -
RERERESREI VY ) — FORERIREIZET 25t

Study on Strength Development of Environmentally Friendly High-Strength Concrete Using
Moderate-Heat Portland Cement Partially Replaced with Ground Granulated Blast-Furnace Slag

NE TR, R
KATSUHITO KOMIYA, RYUICHIRO MINE

THERARL FT U FEAY FO—8EZFEF AT Z7HAR (BF) THE#E UL, SmERR OKEEH T
W/B=20~35%) Zxt% LT DREREMN =27 U — FOMERBIEIZONT, FOIME L ERDOME
Mz UV CTRE L, ZORR, REMKOREIC & 5 FRARE S, 10°CTIE, —&eicivbh
DRDTOEAL = XL F =L D REWVEERET 22 L T,20°C HMNAFREL YL L7 ihE RN
Z L RAFICR B C& 7z, —JF, AR 35°C TiX, W/B X° BF BHLEE O BANICE, 30 s i
LR IR OE S E MR T Lz,

F—O—F:REREEMNa Y-, GREaCZ V-, EFEAT MR, BEKTFME,

A k1t

The strength development of environmentally friendly high-strength concrete (water-to-binder
ratios (W/B) of 20-35%), in which moderate-heat Portland cement was partially replaced with
ground granulated blast-furnace slag (BF), was investigated using the concepts of equivalent age
and several growth curve models. The results showed that, regardless of the type of growth curve
employed, strength development at curing temperatures of 5°C and 10°C could be represented
reasonably well, relative to the standard curve obtained under sealed curing at 20°C, by assuming
an apparent activation energy greater than the value commonly adopted for concrete. In contrast,
at a curing temperature of 35°C, the goodness-of-fit between the strength development process
and the growth curves decreased with increasing W/B and BF replacement ratio.

Keywords: Environmentally friendly concrete, High-strength concrete, Ground granulated blast-

furnace slag, Temperature dependence, Equivalent age
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EHABRE (°C), de: ZARE THMkE LK (H) THD,
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BRI REREICERLT
’Q-—J(|~09um§ﬂﬂ£L_553_%ﬁH5 EqﬁinT

Fundamental Study on Flow Properties of Paste Incorporating High-Volume GGBS

KA I+, EBW &, & fRY, ek m
TAISUKE IBARAKI, AOI TSURUDA, AKIYOSHI DAI, WATARU SASAKI

CO-HEH EHIB-CHAMER L& HAYE LT, M A7 7HmEK (LT, GGBS) #fffH L= 7 U —
k@ PCEM ~OBEMARFIPED TV D, ARFSTIEL, WG RARD 4O GGBS 2 vt
AV PR—RA MESGE LT, BRGNS X D W IK+ ORLE 5413 L OB IREHE & ~— X F Dt
BRI & DBRICOWTIRF 21T o 72, Z ORI, KA GGBS BIARAFAFE TH-TH, £ A
F 36 LT GGBS DR AEIC L o TX— A FOWBFRENRRE SRR D Z ENnholc, £z, Wi
BE DR HEEDOEMICET 2 21X —1%, RFRB LR FBROEELZZT, FThi+oMd
DEGVNRIETHENRKE WATREMEZ R LT,
¥—"7— K : GGBS, WEIFHE, LARrY—, KNS, R R
High-volume ground granulated blast-furnace slag (GGBS) concrete has attracted increasing
attention as a means of reducing CO: emissions. However, the effects of GGBS powder
characteristics on the flowability and rheological properties of cementitious materials have not
yet been fully clarified. This study investigates the influence of powder characteristics on paste
flow behavior using GGBS. Particle size distribution and particle shape were evaluated, and their
relationships with paste flow properties were examined. The results showed that both flowability
and rheological behavior varied depending on the type of GGBS and cement, as well as their
combination, even when the water-to-binder ratio and GGBS replacement ratio were kept constant.
Furthermore, the findings suggest that particle size and shape affect the energy required for
particle structure rearrangement during flow, with particle surface roughness being one of the
most influential factors.

Keywords: GGBS, Flowability, Rheology, Particle size distribution, Particle shape
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Sy & T A AN AR RIZRE LT 0.01 mass%iisin L7z,
R IE AR S L OB I 39 2L 1L O~S— //
WK L 90 FhREIf 0 IR, 5 ¥ EZICHE 30 B
O IRE 2, B2/ & 1. 0LV

cAa .
EREh,
EHLEE 70 mass% & L7z, SR KIT LKE K% 5 H
0.45mass%, KU T AF L7 a—LiE¥ks EmK i 77"\7 RE] ZHm
2 ARAERL L7, MR FIEIL, 30 BPRZdy Lz
B-1 HBREFEOBE

(2) MENHH L UCHFRKOFMEA X
BLE AT d L ORI R IR Sk 2) 25 & & L,
#%E@Mﬁ% LOMELE, MEORBICHZ->TiE, PEOREZRBICERL, 2WEHKENZZ0b
T a1 oBBR LoBmSE, OEEICEA Yy Te X —vEAnE, MEREZRETL— M T
L, Ri7EGHTEEE~EAN LRI, 20050 L2 X% HWT 5x5 mm OFBHIZIB W T 2 B Lok 7% HE
L7z, RiFERZFHMm T 246 L LT, MBE, GE (mfE), 7 A7 Mba@ARE, FEEOMELRE-1 12
Y, MIEITRFOMEDY ORELRFRERMEFBARZHOCEET2EETHY, XTIV EHIL
5, EMEZ 1L L, AR TWHIEEHEIT/NEL b, BKE (M) 1R O o MY 2 k%2 i &
WEMOKTHMT2HEETHY, RQICL VRIS, HTOWMBRELNTHLIFE 1ITEVWVEERY,
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A Study on the Carbonation of Mortar
Using Ground Granulated Blast-Furnace Slag as the Main Binder Component

SR, ERH %, frak B
RYO SAKAMOTO, AOI TSURUDA, WATARU SASAKI
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Ground granulated blast-furnace slag based mortar was mixed with calcium hydroxide, and the
carbonation depth and porosity after carbonation were evaluated. As a result, it was found that
the addition of calcium hydroxide improved carbonation resistance and suppressed the increase
in capillary porosity caused by carbonation. Furthermore, the progression of carbonation was
more effectively inhibited when calcium hydroxide was added to freshly mixed mortar than when
it was premixed with the other dry constituents. In addition, carbonation tended to be further
suppressed as the amount of calcium carbonate produced during carbonation increased.

Keywords: Ground granulated blast-furnace slag, Carbonation, Calcium hydroxide
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Fundamental Study on CFD-Based Evaluation of Design Wind Loads for Base-Isolated Buildings

BOE RER*, NG FHEX IR, FE
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Wind tunnel tests and CFD analyses were conducted on a square prism model and a slab-type
model with a protruding stairwell section to investigate the applicability of CFD to design wind
load evaluation for base-isolated buildings. Comparisons of wind force coefficients, spectral
characteristics, and base shear coefficients showed reasonable agreement between the CFD and
wind tunnel results. A case study on design wind load evaluation for base-isolated buildings
provided results suggesting the applicability of CFD.

Keywords: Base-isolated structure, Wind response rank, Design wind load, Wind tunnel test,
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Influence of Printing Parameters on Rebar Bond Strength
and Layer Interface Adhesion in 3D Concrete Printing
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This study experimentally investigated the rebar bond strength and interlayer adhesion strength
in members produced by 3D Concrete Printing (3DCP) using the proprietary printable mortar
"PMO". Pullout tests conforming to JSCE-G 503-2013 were conducted on D13, D16, and D19
rebars embedded perpendicular and parallel to the printing direction. Specimens with rebars
placed perpendicular to the printing direction exhibited the highest bond strength, which
decreased with increasing layer deposition waiting time. Supplementary layer interface adhesion
tests per JSCE-K 561-2013 confirmed that vertically drilled cores had the lowest adhesion,
identifying the layer interface as a mechanical weak plane in 3DCP structures.

Keywords: 3D Concrete printing, Rebar bond strength, Interlayer adhesion, Printing direction
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Demolition of Composite Structures Utilizing the Difference in Shock-Wave Propagation
Characteristics between Concrete and Metal Members

(UE: L/ S AP S L
HIROSHI YAMACHI, JUN-ICHIRO NAKAMORI

FEE A T0E TSMartD | (X, MRIRPNEBICER T 72 2838 AL D fLEE IR IR IR DB R 4 5 2 TRA ST
FIRW DIRTERE L FES D 2 LT, BAET D OOEINOFHHLHEGZ HIE L TIRIK A 2RI iRk
TORE - HETHEINTH D, 72750, BBRFISEEETINXF —BERRE SN D720, BEHTIRRD K
Yizary V= b EERTMREIC AL 2 HAEMIEEOMKIZ SMartD 2 AT 256, 2>
U— b & REMOEEEBRERFEOEVERMT I LERDH D, ARTIE, HEHEREDZDD
JRPRIER DR ILELE R DR B R TR L, & D%V 2 B R IR 200 QN BB AT 6 R %
WTREET D0
F—T— R RGN TUE, IRIUBE - SRR, JERELE R T
SMartD is a design and construction technology for the efficient demolition of structural members.
It controls the direction of crack growth and the extent of the damaged zone by guiding the
propagation of tensile stress waves generated by applying deflagration-range shock pressure to
the charging holes. However, since the amount of energy generated by a deflagration reaction is
limited, applying SMartD to the demolition of composite structures, such as composite girder
deck slabs in which concrete and metallic components are rigidly integrated, requires leveraging
the differences in shock wave propagation characteristics between the concrete and the metallic
components. This paper presents the fundamental concepts for designing the charge layout of
deflagrating agents used in the demolition of composite structures and verifies the validity of the
proposed approach through fragmentation experiments and numerical analyses.

Keywords: Precise shock-wave fragmentation technique, Composite girder slab separation and

dismantling, Charging layout design
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Simulation of Electro-Discharge Dynamic Disintegration of
Concrete Members Using a 3D Fluid-Structure Interaction
Elasto-Plastic Fracture Model

SRR —EEEREEMHRIEETILIZELS
Ao — M OMEREERR I aL—a Yy

ADDISU BONGER*!, RANKOTH CHAMILA*!, HIROO SHINOZAKI*!
TFE4A R H—, Fvarx FyxIT, &K B

This study attempts to numerically reproduce the Electric Discharge Impulse Crushing System
(EDICS) technology which utilizes self-reactive liquid deflagration for controlled dismantling of
concrete members. A three-dimensional dynamic nonlinear finite element analysis was performed
using an elasto-plastic fracturing model integrated with poro-mechanical approach, that captures
blast-induced concrete fracture by accounting for gas kinetics within crack networks. The
analysis confirmed that pressurized gas widened and propagated concrete cracks, and the primary
fracture surface formed at a location similar to that observed in the experiments. In addition,
increasing the number of studs enhanced the confinement effect on the concrete, leading to greater
gas pressure buildup and more extensive damage.
Keywords: Deflagration, Bridge Deck Removal, Finite Element Method, Elasto-Plastic Fracture
Model
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1. Introduction

As aging infrastructure increasingly requires partial or complete demolition for reconstruction, urban redevelopment,
and emergency operations, there is a growing demand for safe, efficient, and controllable demolition methods.
Conventional explosive blasting enables rapid demolition but poses significant risks in densely populated areas due to
uncontrolled energy release and potential overcharging!. To overcome these limitations, the Electric Discharge
Impulse Crushing System (EDICS), which utilizes the controlled deflagration of self-reactive liquid triggered by a
high-voltage electrical discharge, has been developed as a practical and precise demolition technique?. Compared with
conventional explosives, deflagration generates lower pressures and more moderate structural damage, offering
enhanced controllability?.

This study targets the removal of existing concrete deck slabs during the rehabilitation of steel-concrete composite
girder bridges, with the objective of preserving the steel girders for subsequent reuse. In this context, the present study

investigates the fracture mechanisms of steel-concrete composite structures subjected to deflagration using numerical

*1 Research & Development Institute, Technology Development Promotion Department
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simulation. Advanced three-dimensional dynamic nonlinear finite element analyses are conducted to characterize the
structural response and evaluate the effectiveness of controlled concrete deck demolition while ensuring the integrity
of the steel girders. The numerical simulation was verified against the experimental observations of crack propagation.
Following this verification, the model was employed to investigate the effects of gas pressure, yielding state of the
steel girder, and the influence of explosion speed on the structural response. These aspects could not be verified

experimentally because quantitative measurements were not available in the experimental program.

2. Multiscale Poro-mechanical Modeling

In this study, internal blast demolition was performed on a steel-concrete composite structure to remove the concrete
deck slab while preventing the steel girder from yielding. Therefore, evaluating the post-demolition stress levels in
the steel components was essential to verify that the steel girder remained below its yield limit. Elastic wave simulation
can predict the initial stress-wave propagation but cannot account for nonlinear concrete fracture, stiffness degradation,
and gas-driven crack propagation, which governs the load transfer between damaged concrete and steel. In this study,
elastic wave simulation was not considered because the stress response of the steel components is strongly affected by
the progressive interaction between fractured concrete, pressurized gases, and steel members. Instead, a highly
nonlinear poro-mechanical FEM approach was employed to capture these mechanisms and reliably assess whether the
steel girder remains below the yield limit after the explosion.

The analysis method in this study is based on a novel poro-mechanical approach to analyze blast induced fracture in
concrete considering gaseous kinetics®. In this method, the Biot equations®-%, which are the fundamental equations
describing the interaction between the solid skeleton and pore fluid in porous materials, are extended to compressible
fluid media with nonconstant density that varies according to pore pressure. The analysis method targets three specific
aspects: (1) concrete as a nonlinear porous material with initial porosity; (2) multidirectional crack interaction across
three dimensions; and (3) accounting for phase changes between liquid and gas. The approach is integrated within a
multiscale computational framework that couples and analyzes physical phenomena across multiple scales, from
material behavior to structural response” and utilizes an elasto-plastic fracturing model to solid concrete that considers
strain-rate effects, and 3D confinement. Stresses are calculated by directly integrating the strain history within each
finite element, while post-cracking behavior is represented through a multi-directional, non-orthogonal post-cracking
model incorporating compression, tension, shear transfer, and reinforcement—concrete bond mechanisms. Furthermore,
severe damage phenomena such as concrete graveling under high shear and compressive stresses are included®),

enabling a comprehensive simulation of fracture processes in concrete structures subjected to explosive loading.

3. Referenced Specimen and Simulation Model

The experimental findings obtained on two specimens presented in previous research® were utilized as a reference of
verification and validation of the simulation. Fig. 1 illustrates the plane, side and front views of the two steel-concrete
composite structures. The structure is composed of a reinforced concrete slab on top of a steel girder and stud dowels
having a diameter of 22 mm and a height of 130 mm. In the slab of dimensions 900 mm x 300 mm x 200 mm, blast
holes that can hold the cartridges (energy sources) containing the self-reactive liquid are drilled and covered by
stemming material. The bars indicated in orange are steel rebars, and the blue and red sections in the figure are the
stud dowels and cartridges producing electric discharge deflagration. The distinct dissimilarity between the two types
of specimens, specimen A (Fig. 1(a)) and specimen B (Fig. 1(b)), is the horizontal spatial distance (AL) between each
stud dowel in the direction of the axis of the specimen. The distance AL is 200 mm for the specimen A and 100 mm
for the specimen B. Accordingly, the cartridges set in the specimen B are double in number.

Finite element model was discretized using hexahedral finite elements (1.4 cm mesh size) as shown in Fig. 2'0,

Material properties were assigned to each element representing concrete and stemming as lined up in Table 1. The
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tension softening model for plain concrete is taken into account by ¢ parameter (Equation (1)) that is determined from

fracture energy of concrete and the reference length of the finite element!!. Steel rebars, stud dowels and steel girders

were defined by a perfectly plastic bilinear material mode with Young's modulus £ = 210 GPa and yield strength

fyt =400 MPa. The upper steel plate (flange) of the girder is perfectly bonded to the concrete slab. The energy release

of self-reactive liquid was defined by the time of initiation of deflagration fsarr and fpear When pressure reaches its

maximum ppeqk and the density p as shown in Table 2.
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Fig. 2. 3D finite element

Table 2. Material properties of self-reactive liquid!'®

Unit | Concrete | Stemming Estar)t Epeal)c (lgf)ak) ( /P ;
; us us a) | (g/lem
Young's GPa | 342 0.08 Specific
modulus .
Compressive figures of self- 0 55 1.1 1.14
P MPa 31 1 reactive liquid
strength
Tensile
strength MPa 2.6 0.1
. ¢ G
Density kg/m® | 2300 1800 f opde, = f £ (iﬂ) de, = )
Permeability | cm/s 107 107! ‘ "
Porosity (=) 0.02 0.4 where o, is tensile stress, f; is uniaxial tensile
Tension strength, &, is cracking strain, & is average tensile
softening (-) 1.0 2.0 strain, Gy is fracture energy and [, is finite element
factor length.
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4. Numerical Simulation

The simulation was conducted to verify the final cracking patterns and concrete damage against the experimental
observations. In addition, it was used to investigate the migration of pressurized gas and its effect on crack propagation
and to evaluate the stress distribution in the steel girder for assessing potential yielding, for which experimental

measurements were unavailable.

(1) Simulation results for specimen A

The final crack patterns obtained experimentally and numerically immediately after deflagration are compared in Fig.
3(a) and Fig. 3(b) '9. Both results exhibit conical cup-shaped fractures extending between the cartridges and the stud
dowel heads. The computed principal strain contours closely correspond to the experimentally observed cup-shaped
fracture paths, as indicated by the pink lines in Fig. 3(a). In practice, the concrete region situated above the stud dowel
heads can be detached and removed as a single block, while the remaining concrete can subsequently be removed with

relative ease using manual methods.

stud dowel
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cup-shaped concrete é
fractures connecting fuse —002 g
the cartridges to the clement . 001 §
heads of the stud ) &
dowels 0.0e+00
at 350 ps
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deflagration in the experiment?
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cartridge element inflation of gas pressure pressure released through cracks
00e+00 3
F =
_ 2 g
g
4 a
[}
view [ 60e+00 §
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(d) Deformation in rebars and principal strain in the flange

Fig. 3. Simulation results in a model based on Specimen A

Following self-reactive liquid deflagration, a rapid increase in pore pressure develops in the vicinity of the cartridge
(Fig. 3(c))'?, where gas expansion is initially constrained within the surrounding concrete. As cracking progresses,
gas begins to flow through the newly formed fracture surfaces. The resulting pressure gradient drives gas migration
outward, generating three-dimensional tensile stresses that may contribute to further crack extension. As the gas

infiltrates both the pore network and fracture system, pressure accumulates at crack tips, facilitating crack propagation.
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Once cracks reach the free surface, the gas is released to the atmosphere, which is represented as ambient pressure in
the numerical simulations.

Gas transport occurs primarily through micro-pores and crack networks because solid inclusions, such as reinforcing
bars and stud dowels, are impermeable to gas flow'?. Consequently, the accumulation of gas pressure can induce
deformation in the reinforcing steel and displacement of the surrounding concrete, thereby accelerating crack growth
and local concrete crushing, as illustrated in Fig. 3(d). A maximum vertical displacement of approximately 6 mm was
observed in the central top reinforcing bar in the z-direction, as shown in the graph presented in Fig. 3(d).

To evaluate the feasibility of reusing the steel girder after demolition, the principal strain obtained from the numerical
analysis was examined. As shown in Fig. 3(d), the maximum principal strain reached 1,400p at 14 ps on the lower
surface of the top flange. This value is lower than the yield strain of 1,905, indicating that the principal strain
remained below the yielding limit and that no yielding occurred. This observation is consistent with the experimental

findings reported by?), suggesting that the steel girder remains suitable for reuse after the deflagration operation.

(2) Simulation results for specimen B

Fig. 4(a) and Fig. 4(b) compare the final crack configurations obtained from the experimental observations and
numerical simulations following deflagration'®. Extensive concrete crushing developed beneath the stud dowel heads
as a result of the high confinement produced by the closely spaced dowels, which restricted gas expansion and caused
a rapid increase in internal pressure. This confinement likely created a horizontal restraint zone around the stud dowel
heads (Fig. 4(b), pink lines), resulting in the formation of a horizontal fracture plane. Comparable fracture

characteristics were also observed in the experimental results shown in Fig. 4(a) (pink lines) as reported by 9).
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Fig. 4. Simulation results in a model based on Specimen B
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Fig. 4(c) illustrates the generation of pressurized gas, its subsequent expansion, and eventual discharge through the
developed fracture network!®. The numerical results demonstrate a coupled mechanism between gas-pressure-driven
crack growth and the reduction in pressure associated with gas escape through the formed cracks. The majority of the
pressure relief occurred through the side surfaces of the specimen, owing to the extensive concrete damage in these
regions, whereas the upper surface remained comparatively less damaged.

The deformation behavior of the stud dowels and reinforcing bars is presented in Fig. 4(d)!?. The stud dowel located
near the edge of the specimen experienced a maximum displacement of approximately 5.2 mm in the x-direction.
Following the release of the pressurized gas, this displacement decreased to about 3 mm. Furthermore, the upper
reinforcing bar situated at the center of the specimen exhibited a maximum displacement of approximately 6.7 mm in
the z-direction, as illustrated in the graph in Fig. 4(d). These deformations in both the stud dowels and reinforcement
contributed to the progression of concrete crushing and crack propagation.

As shown in Fig. 4(d), the highest principal strain occurred at the lower surface of the top flange and reached 1,200
at 14 ps. Since this value did not exceed the yield strain of 1,905, the steel girder remained within the elastic range
throughout the deflagration reaction. This outcome agrees with the experimental observations reported in previous

research® and demonstrates the potential for steel girder reuse after demolition.

(3) The effect of explosion speed

The coupling of structural concrete with the kinetics of compressible pore media is a relatively recent modeling
approach, and its response to variations in explosion characteristics has not yet been fully established. Therefore, in
this study, a sensitivity analysis was conducted by varying the explosion speed to evaluate the robustness of the coupled
model, examine its response to changes in gas pressurization behavior, and provide a base for future model validation
and development.

Detonation (~107° s), represented by explosives such as TNT, produces intense shock waves that cause severe crushing
and fragmentation. Deflagration (~107* s), such as self-reactive liquid, promotes gas-driven crack propagation and
controlled concrete fracture, making it suitable as the reference case in this study. Ballistic loading (~1072 s), generated
by projectile or propellant-driven impacts, applies the load over a longer duration, resulting in lower stress-wave
intensity, slower crack propagation, and more localized damage.

In this section, the influence of explosion speed on fracture 120

behavior and crack propagation is investigated for /
Specimen A by modifying the time history of the generated fpeak = 35 s
= 0.60 + tpeak = 5,500 pis

the pressure peak occurs at 55 ps. In the modified model, 0.30 T

peak pressure, as shown in Fig. 5. In the reference model,

the time to reach the peak pressure was increased to 100 0.00 } } } | | !
0 1,000 2,000 3,000 4,000 5,000 6,000
The time elapsed since the explosion started

times that of the reference case (5,500 us).

In the modified peak pressure time history, both the (ms)

Fig. 5. Adjusted time dependence of peak pressure

pressure rise and subsequent decay are more gradual than : A ’
used in sensitivity analysis

those in the reference case, as shown in Fig. 6(a) and Fig.

6(b). This smoother pore pressure evolution reduces the intensity of the dynamic loading, thereby suppressing crack

initiation and propagation, as illustrated in Fig. 6(c). The slower pressurization rate allows greater energy dissipation

within the surrounding material, while the reduced pressure release rate decreases the severity of crack development.
When the pressure peak occurred at 55 ps, the rapid explosion generated high strain rates, leading to an inertia

dominated response characterized by severe cracking (Fig. 3(b)). In contrast, when the pressure peak was at 5,500 ps,

the slower explosion produced lower strain rates, allowing stress redistribution between concrete and steel, reducing

dynamic amplification, and causing damage to evolve over a longer duration as shown in Fig. 6(c).
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5. Conclusion

The numerical simulations reproduced the experimentally observed fracture behavior, demonstrating the capability of
the proposed poro-mechanical model to capture the coupled mechanisms of gas-pressure evolution, crack propagation,
and concrete failure. The results indicate that closely spaced stud dowels generate strong confinement, leading to
elevated pore pressures, localized concrete crushing, and enhanced crack development, while the deformation of
reinforcing bars and stud dowels further contributes to fracture progression. Moreover, the interaction between gas-
pressure-driven cracking and subsequent pressure release through fracture pathways plays a significant role in the
demolition process. Parametric analyses revealed that higher explosion rates produce greater strain rates and inertia
effects, resulting in more severe cracking, whereas slower pressure rises promote energy dissipation and stress
redistribution, leading to reduced damage intensity. Despite the extensive concrete fracture, the strains in the steel

girder remained below the yield limit, confirming their potential for reuse in future renovation applications.

Acknowledgement: The authors would like to express their sincere gratitude to Prof. Koichi Maekawa, Prof. Akira

Hosoda and Dr. Akio Kasuga for their valuable guidance and supervision throughout the simulation study.

References

1) Uenishi, K., Wada, K., Yamachi, H., Nakamori, J.: Precisely Controlled Dynamic Disintegration of Steel-Concrete
Composite Structures, 5" International Conference on Structural Integrity and Durability, Procedia Structural
Integrity, Vol.46, pp.136-142, 2023

2) Sasaki, K., Sakamoto, R., Tanaka, M., Hidani, K., lizuka, S.: Development of an Electric Discharge Impulse
Crushing System, 6" EFEE World Conference on Explosives and Blasting, Vol.6, pp.379-400, Lisbon, Portugal,
2011

3) Tanaka, S., Bataev, 1., Inao, D., Hokamoto, K.: Initiation of Nitromethane Deflagration Promoted by the Oxidation
Reaction of Vaporized Metal Wire, Applications in Energy and Combustion Science, Vol.1-4, 2020

4) Zazirej, S., Maekawa, K., Hosoda, A.: Poromechanical Approach to Blast-Induced Dynamic Fracture in Concrete,

98



5)

6)

7)
8)

9)

10)

11)

TV T RIS R A 5 1 5 (2026 4F)

Structural Concrete, 1-21, 2024

Biot, M.A.: General Theory of Three-Dimensional Consolidation. Journal of Applied Physics, Vol.12, pp.155-164,
1941

Biot, M.A.: Theory of Stability and Consolidation of a Porous Medium Under Initial Stress, Journal of Mathematics
and Mechanics, Vol.12, pp.521-541, 1963

Macekawa, K., Ishida, T., Kishi, T.: Multi-scale Modeling of Structural Concrete, Oxford: Taylor & Francis, 2008
Yamanoi, Y., Mackawa, K.: Disintegration of Low and Normal Strength Concrete in Shear Localized Bands and
Its Constitutive Modeling, Engineering Structures, Vol.266, 2022

Wada, K., Uenishi, K., Yamachi, H., Nakamori, J.: On Wave-Controlled Dynamic Disintegration of Steel-Concrete
Composite Structures, Proceedings of the 15™ National Symposium on Rock Mechanics, Vol.89, pp.505-508, 2021
Addisu, B., Hosoda, A., Maeckawa, K., Stanislav, Z.: A Numerical Analysis of Blast-Induced Dynamic Fracture in
Steel-Concrete Composite Structures, 8™ International Conference on Structural Integrity and Durability
(ICSID2025), Vol.82, pp.30-36, 2026

Mackawa, K., Pimanmas, A., Okamura, H.: Nonlinear Mechanics of Reinforced Concrete. Oxford: Taylor & Francis,

pp.30-31, 2003

99



TV T RIS R A 5 1 5 (2026 4F)

HREEREOHRMAEHEICET 21R5
—ZM2 ERETINICLZEEERMT—

Study on Efficiency of Research and Development in General Contractors
- Part 2: Analysis of Related Factors Using Regression Models -
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This study conducts firm-level multiple regression analyses on time-series data of R&D
efficiency—defined in the previous report!) as the ratio of cumulative operating profit over four
years to cumulative R&D expenditure in the preceding four years—for 11 general contractors, in
order to examine its associated factors. The explanatory variables are proxies derived from
publicly available data and are assumed to represent aspects of each firm’s technological and
knowledge stock, appropriability of technology, complementary assets for implementation, and
business conditions. The finding that coefficient signs vary across firms suggests that the
determinants of R&D efficiency may differ from company to company.

Keywords: R&D management, Operating profit, R&D expenditure, Regression analysis
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