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Present State of Timber Structures and Trial Designs of Wharves

Masao YAMADA™
Hiroshi YOKOTA"™

Synopsis

Circumstances around timber structures were reviewed at first in this study. The points
were as the followings. 1. Utilization of more timbers especially thinnings from Japanese
domestic forests should be promoted. 2. Engineered wood products (EWP), which have
small variance of strength and high reliability, have recently become usable as structural
members of timber structures. 3. Creosote oil and CCA have been used most commonly for
preservative treatment of wood, but less toxic preservatives are used more as the concern
about environment grows. Physical preservative methods are also more important than
before. 4. Some timber bridges have been constructed recently in Japan, but timbers are not
used as structural members of port structures unlike in foreign countries.

Then trial designs of wharves with timber structures were carried out. Design depths
(5-10m}), seismic factors (0.02-0.27) and surcharges (5-20kN/m) were varied as parameters.
The structural type of the wharves was a marginal wharf supported on vertical piles. The
structural members of the wharves were steel pipe piles and reinforced concrete (RC)
superstructures for the series of basic cases, steel pipe piles and EWP superstructures for
another series of cases, and EWP (glued laminated timbers or logs) piles and EWP
supersiructures for the other series of cases. The beams of the superstructures and the
piles were considered as portal frames, and the section forces and the displacements of these
members were calculated.

The results of the trial designs were as the followings. 1. Weight of superstructures
significantly decreased by using EWP superstructures instead of RC superstructures.
Required amounts of steel pipe piles could be saved up to 50% due to the light weight of EWP
superstructures when seismic forces were the dominant design lateral forces. 2. The
minimum value of the ratio of the volume of timber piles(m® to the weight of steel pipe
piles(t) was about 1.6 as the result of the trial designs using timber piles instead of steel pipe
piles. It is possible that using timber piles would be economical if the ratio of the price of
timber to that of steel in Japan were as that in most foreign countries. 3. Lateral
displacements increased about 60% in some cases using timber superstructures instead of RC
ones. There was only about 10% difference between the lateral displacements calculated
assuming the beams were elastic and taking shear deformation into consideration and those
calculated assuming the beams were rigid when the design depth was 5 - 7.5m.

Key Words : wood, timber structure, wharf, pile, superstructure

* Senior Research Engineer, Structural Engineering Division
(3-1-1 Nagase, Yokosuka 239-0826, Japan, Tel 0468-44-5031, Fax 0458-44-0255, E-mail yamada_m@cc.phri.go.jp)

** Chief of Structural Mechanics Laboratory, Structural Engineering Division
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R LE, TREAMIMEL, ADRIBRECHN
Uiz, TORE, ST NBREROBEEMENHER
Ui, HERRMRE, 2V RBomE, Dl Rl
TR, WERREMER VTN S AENHERE i
BIEU#BHIE D Eho TREMIC AR &
LOTHB. AEIIHREMBEIIH OTHFELEEL
DEYZHW S TN, HEASEEFIEROEIECH
BHENHTHHEE TR,

BEREF, BIR et B2 HEL TR RS
B ZIT > CER. L UEMERE SR @
DERAHIRERE BB E RN T L ORED 5, HE,
R HBROERENEM I L ko, A
BAMHIREGE SR ET S0, ABOBHIATHIER
BRELIT T8 & RN A28 40T S0 - TR T
L, BERMETDENIMEBTHD. ELRVEE
ROEATHS BENLZREICE, 4V EEMETs
70 OEMEADHSE, “BLRELEORERHY
A QAN BHTEHL EOFHROMBOMG, Fik
EEMEOERS IR EMH S,

TAROHHETRURZOFGRNENDT, LA 100
FRERBATHBEWEL TS L3S ATH .
L LIRSS 20 #ACLISR, o TS5 OBEM,
R R SRR O BRICP P ESEBETEE
DTRBWES S, LAHGHOBREE, H5058
RETHERBURICHE R RIFT. WEEE, BT, s,
RABER EDORERT, R TEHBEZOIZbEAA
BEEN, ENEYTRHRESIRETHEER L,
Kl 2he4BEANRE A Ll snL, =2
MOEH L WEREREEN T3 THS 3.
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F BRI EN TN, LMLEEODEDDigE
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W IRBEAOER Tid e L, W, A8, &—
RMIZE2THIEIETHHMG, KEOHFBEM LD
HHBIZPE L &Iz A, 86, a2
— b, AR EDENTNOMBHCERY S 5 L FERIT,

EERICURBRENOAMMNELS. ThEhosd
S, SEROEFHBOFAELT, B2 etk
TR, HIRBE L ORMMEEEBRTETHSS.
ElFWA, BRRTC—EBNICE > T, KRB
MEENSHTHZOERZMBICIS50RENTH
5, MEELTEESNDIOIET ST XILE—48, i
MEERE L T—RICDiEns 2, BEEEIlo—2
ELTHEBLURRPO-BIERFBEEZRISEL
L, RKBEZHENF— Lo THEEINS I, BEM
SAMRERAOEERNEHE E Db Tn s,
FAREVIFTENRT LT, hoTRRTARMEY
DEZRHETH-o7. Ll 20 HREENE, AL
DEARBHEY A SAREABICERHL, BETRIYY
U= ORI SHE TG OMRM & Lo Ebxici
o7z, Linl, BEOHE L WbNS 21 HIEICARMIE
FAERZEELREE I 2413, TAREY Ok
HERIMEORECERT S OTIR WD, &HZON
ZOMEDHWTHS.

2. FAEBBEORRK

21 BE

R PRERHTNEA R EEBEATOHRY, K5
LI LIRHENBEETIERLAEES MZSE N, HLhiz,
REGDETH > TEOBEKET, Yo RIRES
REEH & L TEHFGOREICHE > T, HEER
ENSTHBLTLESTHSD.

Ll, RENBLEHEMKL, SHREANER
BTHFREHER LT ERAKIC, Yo mXiZE ol
ERASENMMICOE > TEMLAEELES. T5&,
ZTOARMBIAERICE L TIRE 2T 20013, ik
LIERPE 2 TWEOTRRTED., “0W1 7%
DET LI L N BENLBAHNTELDTHS.

©EBLIOYA Z IV M A B E i ) B L
ThaA, AENIIEE-TWARLWTHES S, HRkiCk
DEEMHERE &, HHER MR ST, AKuF
MRS I B in .

ST, TNTREEHAOSHKIL, TARE®RICKRH %
HABDEEOHBBNEELTWAOEAS M. AATIE
MOTH 2 KEFAEPICAR 2 RBICERL =0,
HEREWEAMORBANZ Uno72. UL LR 50
FRERBE, WEMKEINEZF, /% A5T
Vit EORMBEMNE S, STHALOFHKREN (EHO
FOMORER) OFEMEEBERARE RS FA -
Tha,



Lihl, WHENCAMBRSGFELTWSE 2L, £
NEHEBITRFWICHATEL 2T H 5. BEa
A DEEARMIIOHEE S THAMITIREN TS OMER
THb., HAECHERIZELAEHAMEN KD, TN
D, BX, RAMX, (REEALCOELOBRIICEI LT
i Ehs, BEMOIZ MIREZEETHS, HEE
BIZRRES, BEMOMREAFEACEEZEINS
L&D, THELEEHER > THSNBRIRIITL
DENERD, IR LEANT BEENL 5.

ATHTRE, TAD, BE BEELEOFEANS T
R, R ELUTORBMEATAZE» 05,
KRB RE S L IR R b LT L 5. REk
EPRIETTRA<ELOREEEAT, EEHZHHR
MICBIE TS SR E D ALHERERIREBICHER T~
ETHS. KIHEICE > TRETHNEROTBED
ERPRERE LTS, RETREENSDR
NERBTERNWDT, DEMPITHEM 2HAET 5%
LA ahTng.

2.2 AR

fi/e EORBOB AN OBE (ERENRBREICS
AEBEREM) 1, WERICIDENS DN, S
DEFEMEEL 35~55N/mm?, BiF#E 65~110N/mm?, &
ABEIREE 7~16N/mm?, ¥ > FHE 7~10kN/mm? & &1
T3 Y BBEAMZBEDRAAMNEARZN., BEBHK
A S EAICHBERTSBATHD, LEOM
BEobEE—FhAE<hD. KOS moiE
GEEEE DU — BT S L, EHERERRERE,
BV IR O F ot ie ok, R AR B E R,
T BREIEAARMOAENNAE L (13 BE) . 84
BT B &, mERWTNORB OB EL,
T AFREZESIIMAE L (1/20~1/30) . =L, &
MOLBEREMOLEX O~ ABERNI BT MG,
KREF L GisA OEbaRE (HR% 0 OWE) QEHBETHS.
TOLEIITERAOKRHE, 22— DEM &
LT, &3 LHBEMEWDIT TR,

Livl, REOARFICIEEHPHEEEROER L EDR
BREET AL, Bix0XRMBOBMECESDENK
Ei, OEOAMOBMFEENE (BRA2ANC
HEBERHOBHEICHND) 1T, BRXEHOREALHE
o 1/3 BEICRESNRTWS V., &5, ko
—7 (—EORMETTEITT2EM BREVWED, B
ErEishE (BEERTIANCRT 2Tk 0BEE
CRWA) i, S0 12 BEICEEIRTHS D,

ABRBRABMBTHO, @HPI> 7 - MlENT
WEOESDENKEL. LiEdioToniFsHEnwE
LI O—IREETHD. Yo/ REEBRTH
BUTERES LY, ERNIICL2H8EE CHhE
BT D, EnokIENAFRICLD, BEELE
ERTEL B - SRR LA ARMMEN, T U T — Ry
v I (EW : Engineered Wood Products) T# 52’ . EW
IR BRI E S U2 & (MSR B8 | s HiE
FCF, RS BARFEES (B LVL : Laminated Veneer
Lumber} , PSL (Parallel Strand Lumber) , OSB {(Oriented
Strand Board) , #EHGHRLENSHS. EW IZ5RE1EEE
PRESNTNWDOT, HEFEZHWTRIT2RE
WIS OB & L TR TE S,

H @ See & OREHLEREHBIE 1005 i VTR, =
NETO [ARHE) TR0 DRUEREE) SWnWHSEN
WRHEN. Chid, BHPOGTR<ERMS LVL 28
DEFRBAREHEMHWSNE LS TERI &
E, MBI EOESEIER EHERRBEELLTVLS
ZLEERBLAELODTHS.

ZOREHEERRRIC IS ERERM OEER N E
HEEEINTEY, HEATEBEFEESHENED 60~
113N/mm? (M EEHEEE L TRIRTES) 2k
TWh, %k, HEHGROHERHIESHEHEERTY
5. HREMR LVL OFFFUIR /B, AREHREREEREICIE
HREINTWWA, HARBMNERE (JAS) KBEsh
THEY, EATRNFEEMES/ER 6.4~15.2 N/mm?
ElaoTing,

REMETE, SHOBEEREEDITEHES LD
HeBoBERENEETHS. BEHKELT, BE
DIESKNRENOL S ICKEHEBRARDEZHE, &
MECESRIZLZHE, BLUBSRICLITENDS
A, BEHRICE, &, KL, fk, SFAZ) 2,
FUZREL, PX0aENSD SEBEOBESHICK
HESE, EBRNEFESESACLI A BTERT,
ERAMEENENTHS, T UM OBRELY S
HROBERMETTHEIICHETH T EIED, HiEW
EUTOEWEAFRETED., EFFEEETHLS
No{PE L, EEELFAINLBENDS.

2.3 WAM

(1) EHEHb i

AT T U— FOHFOEEERLD, £
FEaHAER &S, RifeadbIgdaEmEME, &
7 Ui E0RE, AMERHE, EHR (marine borer) T



H5., HEIHEY TSR S EIESE RS EER L
5.

HHEWS THERICEER T AL, Biki &,
RRmH THsd. 7771 ALy (FESH Teredo, 4
shipworm) , =4 -1 (¥3E4E Pholad) 7 EI2E& 1
DZHEHO—BTHB. —FH, F71 L (FiE
Limnoria, #1454 gribble) , 21"V 7 A 3 (32384 Sphaeroma )
R ERHED TS S,

THI A LTTE S, AR, BRE (X0 H,
74 L#E (Teredinidae) KRBT, FF 77544
V)& (Bankia) 2721 AVE {(Teredo) WEETH
S, BN OERIKEBECESARITS. ARRRET
AP HAFRENDIRHICHEESZAB0E, 77
-T &2 (Teredo Japonica Clessin) , ¥ 7+ o1 L
{Teredo yatsui Moll) , dbHETHFIFFT7F2 1LY
{Bankia setacea Tryon) T&H 2 2. $E#kL TR ER,
AN OREICME, TITEEL, NEARERT
RESTTHRICRATS. BOHE 0.35mm A&
ENDT, KHAROTF 71 LV DEEEHNTEZO
BHRETSHD. 7 » HEIZKREE 36cm, BE Smm, #
REMNSOEE 9em LA RIGET S 3. 4 1m LAkIzE
TEHEEESHD 2 7 HI A LA TOEHEFUIELIERER
fHERERLTEL S,

ZHAAA B HABITEL, B, BB S
MY EH, HERBREICHDEETS. A HROERZE
FoTZOPICERTS. "FoEIrFROEME, 735
AFws, AV — P EICBEATS 9 BHA<
DL TWBHERAE AN (HEFESL Martesia) T, 7K
R H £ BRI < HICHEET AR I ERITZIL
LEETS 9 kK 7om, B 25cm BT, AHEH
OEOBORE S emm BETH D 5,

FIOALVEEMBEF Y ARHCBL, 5, Bif
B, KEBBIZTFHWY, HARBRCRELSSIHTS. 4
i 1~4mm TH 2 ©. Kk & OMBE#Hs 2 REL,
BREHRICH AR s ®s I sTRONS. B, H

WO IFITA L) R, BRE2EETLIEQHOS
I L3 (JEEE bark beetle) HHDDT, BRI EE G
HEDIT TOZFIALY) Eld (73F%010; LIF
SlEBHD.

IVTAVRERB Y TAVRIIRL, LL<AHT
4. METEOAEOTRECR NS, B 5~15mm T,
BEEDY o TLYO LD IEEEMHIERD 2 &N TE
D, AMEHL - BT oENERS, BTEagiL
TELTD Y F01 L0 ERBRITRE E OIS
TFOWEERD T3,

R BHE A AENE S A ABTEICRIEhS.
BHEAEET TS0, 33, kY, B BER
EDFHEEGRNETH D, R okaicid, Hilass
WIRF I NEEakE, KAHAROZEBICEET 58 E
KBHY, BHREOEFTIZEEKPHRETHS. K
DEFHREEH 20% LT T H HKPTEE LW EiEs
AUV, EKBEERE, AMOZRTOBREEEN
Witk TEREOEELE <.

(&) HiboPEEx

b ORBEOAFIZB RS oEE, BE BER
MEERETIAEELLT, BEOXRBEOEHEUTIC
WS oMM T B,

a) HHRLEM 2655 ¥ 1 5em X 10cm B &40
B e FONICHED - ELASAETRIMATS. 1
FATETWMOHLT, AFRRE2R~NS. 7F7 14
POEEE, HERE S THELHERDS. BORMHATS
ETATHE, BOKOTOMKIZBEABEBL LoHicd
5.

b) BREAE I/ ALRIVTAVIIELARKHO
WERNEZ, BRKEPRBCTHATE TS, FIED X OMNE
FEENNICHET S, MARLRORBELERRT
HEEIZERETS.

O BERHE " 7T LVICEBFELOLII,
HETRERTEROWAMAEHOERORGZEAN S L
T, HEEORAMRAGNTVWS, Lirl, HEOE
ZARHMEIENL. INIZREOTRE 1, kOB
DHTHD. NCEL CREMEIRTSEMRE) OH
ETIE, 20%LLL0BRERS -0, BELDEEHT
Hol, EDZLEThH5H,

d) AFER D a7 FRZER TR EHLREFE
EENTVS, RKEO 24 —F—Ffitoq— Ty —
—BETIE, B Som OO 7 ERRL TWS, O 7 EEIE
ORI RF - MABAHROEFTES. FRLAD
TESTLT, £WHBEaEiTdhES5h, BRI F
Y7L BEEHOEE, RELEAHOFRERAESERA
5.

3) H{k Ol

MHRECEHECH L TR TRV, 77UR
BEORTY, FEREDAR, FF—2AFFVTFEOS Y
I, HE7OTEOF-IRENSHD. ZNoideE<ic
BB AR 2 = Ar < T, iMFREIREE TR HEN o
AiififAz &N THS, LKL 23 LT
BEDSA DR TH, filohr0H{utE 2SRy,
PR LFEDRNICEBL BT o0RLEBTHS,

AR EERNIC X B kR



K OEMEEOFBIZE, <o LAy — kil
& CCA (Chromated Copper Arsenate, 7 OA - 80+ &
{fLatn MELNTER. IS OBRERNE, Rt
EALTEMENS. BEAFERELTIE, 1838 £ic~t
Jb (Bethell) A E2HELENE - REZFIATEEH
A (Full-cell process) MENHW SRS, nfERL
WHEBEDD) A -DOXREEE, BE 1~3m, SXEF
S0m itk P. HEAARIZIKJASEETIELLTHGE0 O
IEEATENH D,

LAy — b, BREEE (SROWEEN T
BOMTARME) LTEESND - Ly —ILEEGL
THRoNEHH, &M, 7>tk dns, Fh
FNFIHLY, PR, AN =N, T2/
=, PN EOERRSESEEL R 2 1S
HIZHEGELELOTHS. I—iF—Jlicxt i a¥=]3
BEE 25% T, BbLHBEARMARES, =, RE
REGETHD. BHROSEE, B s
EORELLTHLRATNSE S,

LA —bHiE, 9T 200 R AHEFICHA
ENTVD. EAMNES T, BBRHRicEEED,
ME, REUEEZE TS, LHbEEL TTENS 2R
BY3MENELD. Fr10 L0y TavicdrsL A
Ve MRt AT AEERS LN, T o1 AVED
FHAIIHLCTREHTHD.

CCA LI TIZ 70 FE<AMBFIFEREN TV,
HIREEEE DS, ELEYA T -EEEE S
5, Jo0AMEEMREELICHEREAMIZESE S5
MEBD. KEWELTHEAY, & - Sl 2ok
AT, REMIEFEZEL (67 04— 34k
0L LTRMASIIEES, B8 LEHTHEED
HESTESERRD, BESTES,

HEARREFEREEYE (AWPA standards) @ C18-95
i, BEMES TORENOLERNERROREN S
L. HEROARMIZH LT, 74— il 400kg/m® &
CCA 40kg/m® IZ XA EOPRBESETEENTNRS.

BICCA, 7 LAy — MBS

AAAMBGE IR SHELDE 1998 E 1 A~12 A
OHAOEARMEERIZ 323060m® THS. HgHNT
it 70%TRASHEA T, B0 MAHEH (36601m%), EL 5
AR(30343 m*), FOMTHS. BHRHITIE CCA ielko
7%, 7 LA Nl 14%, ZOMA 9% TH D, CCA
DL T THEED 24% D5 RIBIRA L, 9 CCA B5E
Fil ~ DFRIE AR IR L 0.

CCA THMIELZAHE, #RAMEEEEINATHS
7%, WRBEEASTSBOEHMEO I &

S2ThS, LHBEETNLRZEO MERAEDETEL
BT T, CCA IMEARMIIEEMHFZSHLT
WHIZDihDREER L XL TR HY, HIESD
RERICEYSAEEZRAL TR 5N &8
Hiansw,

A REFICER N 58, ©h, ORMHPA
DRENE, @PREOREN, @EHEE THB. ohs
ZIFifEA T CCA RO D ERIEML T3 ELEE
L TFoOLOMNBES.

« AAC (alkyl ammonium compounds, #4 7 > EI T A
#4547 : DDAC (didecyldimethy]l ammonium chloride,
58 CoH  NCAR &

- ACQ (ammoniacal copper quaternary ammonium
compounds, 7 EZTHE - AAC R): FLEST &
EHERIE & AAC ZIEE LI-R7ER
+ NCU (copper naphthenates, 77 F E#)

+ NZN (zinc naphthenates, 7 7 5 -EEEEED

IhoOfFAZ, B BFREE - AHEHt> 5
—7% JAS BEUS OB U AR %0 SEMEREE B
TEHHETHS AQ (approved quality) FREZEEBEL T
WhH, INSOCCA LEELTORFRERE Ly OLA%
FETERMNEWC L, HHIEEY THL-DIEHL
EHFEIMENI L TH S,

ESICERFEN DT LARMEFAOMFE~OR DM
HELT, EAEA—A b U 7Rl Te s
¥ (CSIROY Th, WEMSHIE L RSz & 3K R
FRIOMEITLN TS, HRBL N TIEE
RERLTWDBEODIETHD D,

Tl — haiidses, BROMEM0EERET S
RN CERENSPETH NS, HIREEICHEY
HERMTsEEER . BES LAY — FicRE
HAOIR, BREEESMENSE EVHEREE - SHE
BEMES, AN BRENRTELIVEW D BHOME
THd. Lizf-s TN OREFTERET SHEHM
T Thd., &AM CSIRO TRILROZ LAV — 1
RESEZRNTS LD cneoREERELE
PEC (Pigment Emulsified Creosote) DBFEAVLZ T
5. PEC RA—A 3 U7 TERE, HEEOH, Foik
ERMEEZTAREESICEDNTWSIELN, 130
A, FAUTHLT I MARERSN, BORKOBEBRE
EITHWENTWALEDIETHL W,

FLOWAHRERNOSAZ2RBR T HELLT,
AWPA standards® E5-03 12, [ANTE{EEMA S FV -0
REEM A AR RER OREFHEOZERR AL EE
ENTWD, LELIORBOENE, BES OB



BRNERDDZZETHD, HROMPEAT TORER
PHEMBMZRD DO TR, BREOFIER 10X
38X 152mm, 19X76X460mm. 19X19X19mm @ 3 §H
HB. 2LAV—rHLLIECCA £/21d ACZA (& - T
@ eHE TR ULMeEY) NEHRKS, PhE
H O NREFR COE L sk el IcBRE L, 4 2
EHIROHU TERIE, X BRECIVESER T,
BER DN RS 2hD 5.

YN EERITL BR IR TR

REFRNC X 2{EFNREREL O b EAAND K
2, AR & PRI LTS S A%
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