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Toughening Materials by Exploiting Soft-Hard Combination
—From Nacre to Spider Webs

Ko Okumura

abstract: Tough materials found in nature tend to have characteris-
tic internal structures. For example, nacre which covers the sur-
face of pearl possesses a layered structure composed of soft and
hard elements. Nacre is not only beautiful but also strong! We
review here a simple view on the toughening mechanism of nacre,
together with that of spider webs which are also made up of soft
and hard elements, ie., hard radial threads and soft spiral threads.
We begin our discussion with a review on the standard fracture

mechanics, putting stress on dimensional analysis.

BEEH

b [[1]]

CRFRAARSSEE I T 2R 169-8555 BETARHIE X RALR 3-4-1  e-mail: uesu93@waseda.jp)

CRFERFERFBE LSRR 113-8656 BEARSCHIXAYS 7-3-1  e-mail: yokota@bioeng.t.u-tokyo.ac.jp)

T 2 mEk I, LV — ¥ — CWHE & QIR A EH OFER, AR D 2 ORI E o3 b — v v M OERFRAE

THHETH 5.

C ORNRS, THIAERE, HER, T OXGOYMESEET B <V F 7 = vy 2 YHO MR

== BHRESZ B LMW hIcINTE . ERIEMBICE & S5 TAERYE, RN EENT 5 g

DEIES COHREFHL TITONBE LI ITKE->TWV 3B,

1. [FL®IC

H¥Eo0t Py, HFWALM,, HREx bbb, ThTh
W NG TH AEIGE, WG H, IR X 1Tk - TR=
DG AYER A 7 =04 » VYHEFATHWS, Th
S OYNE FIRE 2 I B &2 ORISR T IR
BHETZD, TORTRARESEE L THMIEL 5 HFE
% &2\ < D DoE (WRFEEIE, WX, sEnii 80
MHBIT 5.0 HRMEONGIKGE FEEZRTH, £h
BT & > TENEIRIEN BN IC T » TO LB TH
%5, ®itl3 PH & McE © 7 0o ZfHEBERH A2 H O, &=
BT & » TR O F A, HICHFIck - T
FBBED MDA EZBIEDTEERIVF 7204
v VB OWRBEAITON S LD I > TER?
YRS SR A SR ISR L e & &, &
ONBWHHEZIC L > THEFES T ONTVS, Lichi-T

INSICEEL TR OMIEFEE A LT 5.

EREE OB IR EIC B T 2 EE BRI E 5 A 508,
znrZyciEie, BRRFAROERE ZOMHAEEHZEL
THIELE AL R 25 I ERTERARMT 5. —4,
IEHDE T OO ETEmACHI L KX A v vy =T
Vv 7R EEYD, R EIERER S AR L
L — ¥ =L SR RARHE - ORISR I Th LT
W5,

C DX D IIRIIT & - THIBHEE 2 [ETE IS I 2
EERETETELB->TRTVE, FKLIFIEEN 7o
— JEAMEE (SPM) OFZET nm X7 — VOFERNBTX 5
LT ->TER, L LEDAS SPM Tl T Vilk
WNERD kS 2 JEHE TR L 7o v & 0 ) TRIFRE L,
F oIS A IR AERL, A XS s
BBEENHIEG/NS 1B E VS HENREEIICEIE S
NTVW5E.Y Lich-> TERFROHEEL LIceng

MR RAMHE O 1 - ZoMAEOEOW < 5 2 SRR I cBl 5 G 9

(Mark4) ML9500F__Mark4

Fri Jan 21

aVvERY .y b

10:39:46 2011
Page 9



