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ON THE DAMAGE OF BUILDING STRUCTURES DUE TO
THE 1978 MIYAGIKENOKI EARTHQUAKE

By Minoru WAKABAYASHI, Takeshi NAKAMURA, Koichi MINAM],
Nozomu YOSHIDA, Satoshi IwWAl and Hajime ASAKUSA

Synopsis

The damage of building structures due to the 1978 Miyagikenoki Earthquake and some
ideas for a reduction of several types of damages are discussed on the basis of the results of
a field survey and structural analyses for damaged structures. In the first part of the paper,
the damage of building structures is surveyed briefly. In the case of reinforced concrete
structures, severe failure of columns caused by twisting of the structures due to the asymmetrical
arrangement of shear-walls in a plan is conspicuous. In the case of steel structures, a
number of single-angle braces are broken at the end section with bolt holes. In the case of
steel reinforced concrete structures, shear failure of secondary non-structural walls is peculiar.
In the second part of the paper, four examples of structural analyses for the damaged
buildings are shown. Process of failure is traced theoretically. Thirdly, the results of the
questionare examination and the field survey for steel reinforced concrete apartment buildings
are summarized. Finally, some basic ideas to improve structural design methods for braces,
connections of pre-cast concrete walls, foundations of reinforced concrete block walls and
arrangement of steel reinforcements in shear walls and secondary non-structural walls with
openings are shown.
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Table 1. List of the structures examined in the first field survey.
" Rank of|
No. Name Structure Brief Explanation of Damage D:rr;age
X 1F. columns crashed.
1 | Taiyo Gyogyo RC 3F. 1st story failed to the ground. F
Shear failure of columns.
2 | Paloma Gas RC 3F. 1st story failed to the ground. F
Cracks of walls round 9F., the staircase and the
3 | Tohoku Univ. SRC 9F. | elevator hall. M
Shear failure of the supports of pent-roof.
Tohoku Inst. of RC 4F. R
hear f .
4 Tech. and 5F. Shear failure of columns S
Tohoku Radio Shear cracks of columns between the hall and the
5 . RC2~-5F. . L
Broadcasting Bldg. management wings on 1F.
Turnbuckles and flare welding of round bar braces
6 | Satoh Haberdashery| S 3F. with 13mm diameter were broken. S
Large deformation about the weak axis of structure.
7 Kg;]:tlefurmture S 3F. All angle braces of 1F and some of 2F. were broken. M
8 | Narita Factory S S
Electric Poles by
9 | the Route 4 near Those in a paddy field inclined.
Kasuminome
Makita_ Electric Bending cracks of 1F. columns. Walls failed.
10 X:gﬁ;ﬁig and RC 4F. Shear cracks of 2F. and 3F. columns. M
11 | Renown Co. RC 4F. | Shear cracks of columns and walls. L
E Obisan Co. RC 3F. | Bending and Shear failure of 1F. columns.
Shear cracks in non-structural wails. '
13 | Maruhon Co. RC 6F. Bending and shear cracks of 1F. columns. M
Kinoshita Menko Shear failure of non-structural walls.
14 Co. RC 3F. Bending and shear failure of 1F. columns. M
15 | Keikyu Plaza SRC 11F. | Shear cracks of non-structural walls near the entrances.
16 | Taisei Kiko S 2F. Light steel truss failed.
. Bending shear and shear failure of 1F. columns.
17 | Maruyoshi Bldg. et Shear cracks of 2F. and 3F. columns. s
. Bending shear and shear failure of 1F. columns.
18 | Yazaki Sogyo Co. | RC 4F. Front glass broke and fell. F
19 | Office Bldg. SRC 11F.| Shear cracks of RC walls and columns. L
Sendaiminami Windowglass broke. Round bar braces of outdoor
20 RC 3F. . . L
Senior High School staircase broke and base of columns of them failed.
W 2F. Walls broke down. L
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Table 1. List of the structures examined in the first field survey (continued).
WZ |
#1 . . Rank of
No. Name Structure Brief Explanation of Damage Damage
Sendaiminami
21 | Senior High School | RC 4F. N
| under construction
2 Private Houses over
Nagamachi
23 Miyagikenritsu RC 3F. | Cracks of expansion joint. L
Daisan Girls’
High School RC 2F. | Cracks of columns and walls. L
94 | Nagamachi RC 3F | Beam destroyed. L
Primary School
y W IF. | Roof tile fell down. M
" | Hachihonmatsu
25 Primary School S 1F. Cracks in wall. Angle braces buckled. L
| Wakabayashi RC3~4F. N
26 Primary School W 2F.
" Okino Primary RC
27 | School 3~4F. N
~ | Private Houses and
28 | Motel at Block fence fell down.
| Sawadanishimachi
Tomizuka Primary | RC 3F. | Shear cracks of columns. L
29 | school , K N
S 1F. Mortar finish on metal lathing walls fell down.
inamikoizumi f the pi
30 Ml.namlkmzum] RC 4F. A few qacks was observed around the pipespace L
Primary School and staircase.
Minamikoizumi
.| S f block f fell .
31 Junior High School RC 4F ome of block fence fell down.
32 Daiwa Primary RC 4F. | Mortar finish on melal lathing wails fell down. L
School
33 | Wataki Co. S 1F. Bolts of horizontal braces were broken. L
34 | Sendai Technical | pe yr | Braces buckled. L
School
35 Miyagino Primary RC 4F. N
School
Sendaiikuei Senior | RC
36 High School 3 4F. Shear cracks of columns. L
Miyagino Junior RC
37 High School 3 AP Shear cracks of 2F columns. L
Tonan Senior fail f
38 High School RC 3F. | Shear failure of columns. S
39 Sunny Heights SRC 14F. | Cracks of non-structural walls neighboring the entrance| L
Takasago
40 Nishitaga Junior RC 4F. N
High School W 2F.
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Table 1. List of the structures examined in the first field survey (continued).
VI
No. Name Structure Brief Explanation of Damage gg?nlggoé
T Kongozawa
4 Primary School RC 4F. N
Yagiyama Junior
2 High School RC 4F. N
Private Houses at o
43 Yagiyama-cho Few houses were damaged.
Yagiyama
u Primary School RC 4F. N
45 | Midorigaoka Many private houses damaged duewto the failure of
slope.
45 | Shikano RC 3F. N
Primary School Roof tile fell down. Cracks of mortal finished lathing
W 2F. L
walls.
Yuhou Dormitory
47 of Tohoku Univ. All brock walls fell down.
g Nagamachi Junior | RC 3F. N
High School W 2F.
o Mukoyama
9 Primary School W 2F. N
50 | Sozenji Temple Stone gate fell down. r
Many gravestones fell down. ;
51 Sendai RC 5F Shear cracks of columns and beam-to-column conne- L
Telephone Office * | ctions. Bending cracks of beam. |
52 | Sendai Fuji Hotel | RC 8F. Ezﬁdmg shear cracks of the beams neighboring the J L
Chimney at : .
53 Nagamachi Station. | RC Light damage of chimney ‘ L

*1 RC ; Reinforced Concrete Structure.
S ; Steel Structure.
SRC;; Steel Reinforced Concrete Structure.
W ; Wooden Structure.

%2 F ; Failed.

S ; Severely Damaged.

M ; Moderately Damaged.

L ; Lightly Damaged.
N ; No Damage.

WIREDORIE MBI TAH O N, BBEEREHDANE S R EX X VDB—EHELL DO, BHTAEIE
U7z (Photo. 4, @) pH-rtc, FHMEL LTIE, HEHLVHMMBER LY, ABEFRO#G2 Y7
Y — FEERRODUENEE U b QOB D » B KFICIRE - TOIEW,

—%, BEEKRTE, MENINEER RC %3HE, Photo.5, @) O—HOEDIZLALBRED

BEEHMICHANBEEEL,

2SR LA LR EAKVUENSRETZE 0D KB EE R T 1o

(Photo. 6), ¥ UTHERTANN . ZOMIIETHRNOMKTROYARBENS SRz, Cokow

—_ 6 —



Rk - R - T I AR - R s 1OTBAETIRL I AT K B AL OB 223

Photo. 3. Damage of roof of timber structures Photo. 4. Damage of walls (Daiwa primary
(Minamikoizumi primary school). school).
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Photo. 6. Shear failure of columns (Tonan
senior high school).
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Photo. 7. Damage of base of a steel column Photo. 8. Example of damaged reintorced
and end of a steel bar brace (Senda- concrete buildings.
iminami Senior high school).

Photo. 9. Example of damaged reinforced Photo. 10. Example of damaged reinforced
concrete buildings. concrete buildings.

(a) (b) " e
Photo. 11. Shear failure of columns (Tohoku Photo. 12. Shear crack in the beam near
Institute of Technology). staircase.
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Photo. 13. Damage of pent roof structure Photo. 14. Breakage of b;)ILs aL the'join S
(Tohoku university). of horizontal braces.
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Photo. 17. Failure of slope.

Photo. 19. Failure of slope and damage of Photo. 20. Fall- down of concrete block wall.
retaining wall.
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Photo. 22 Damage of A-building. Photo. 23. Damage of A-building.
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(a) Flexural failure (b) Shear failure
Photo. 24. Failure of columns. Fig. 4 Cross section of columns.
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Fig. 5. Assumed restoring force characteristics.

(a) Columns failing in flexure. (b) Columns failing in shear.

(c) Shear walls. (d) Non-structural walls

3) BXUBOE CR3) Itk3) ORFBEAMMAD 05 /0.6 {EnlELsd0ELT CURD

Tk B) BHEL, FHER - 7ohEB L OTHERE, JEMIREORE L EE U DIEHIC & b B oMk
B UTEHEED AW HAHEREE RS, T ORICIIERAR O & D thilhi—F L2 0RO

AEEAM N OBEETFIE 7o MMERITHROREROE TN %2, Fig.5 IWRT, Fig.6 KKER
BOVENHES 3V RBERHNCGET 3BOBEAN TRRORFEREERT. ¥4 Fig.7 @), ®) i,
C ORERERBICOVWTEEAN IRM-BREEMOBRKRE LORT . Kbhoiiiish Sic FEHRD
WACELTO LB FMBILETRIATVS, COBTRERICK S LEEHAAFECK > TIRTIET
JERIOBREMSEAEEEL, F0%, BHENEE L TEENHAIZRUTO TP 2H, 3BTl
FEMIRESBINC T DN T EBEL Db, FREIEFAOKENCE->T, 1BTREYHEMNEER/NT
12, KEERICKEEEMNSD S, DF VEUVBAEFENT, 2R EMCRMOESITEEL, JERE
BT - TET LT BFHR-> X0bh 3, CORFEREGEORTELBTS &, XL

o Shear Crack in Wall

077 085077077 073 077076 085077 215 we o Shedr Crack in Column
<1 @ * Shear Failure of Column
158 ® s S 3rd Floor  Shear Failure of
% Nonstructurat Wall
c4
8 3 @ g g g0 2nd Floor
< © i = E
1.08 j =4 & ci0C3
?_. >05 1st Floor «
3rd Story L
w X Direction
033 036033033 037 037 027 031 ° Story - Drift(cm)
Q o 02 04 086 08
078 ® s
(a) X-direction.
g = «© q ¢
N b~ k! e Wa
-3 3rd Floor o Shear Crack in Wall
052 104 113 ﬁg g 2nd Floor * Flexural Failure of Column
- o
2nd Story = ]
8 wa
074 072 ‘; ws
. 082 3 © [ j % _-~"1st Floor ws
- o =] -
) ®13 @ S >1 ‘,F G st Floor
. ° w 3 & g | Tie9
077 Slos2  oLos Spogo | o F o Y Direction
1st Story cs Story -Drift (cm)
+3,soola,sooi—7,ooo —l—v,ooo—»« 0 1 2 3 4 5 6
+ 21,000

(b) Y-direction.
Fig. 6. Results of static elastic-plastic analysis. Fig. 7. Results of static elastic-plastic analysis.
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Fig. 8. Plans of B-builing

Photo. 25, Whole view of B-building - :
and shear failure of columns. Photo. 26. Damage of wall

Table 2. Results of judgement of earthquake resistant property based on Ref. 6).

Primary Judgement Second Judgement
x-direction y-direction x-direction y-direction
story
Eo | Sp Is Ee | Sp Is Eo | S» Is | Bo | Sa is
4 198 1.0|1.98|L9 | 1L.0|1.95|2.19| 0.8|1.75|0.8 | 0.64] 0,55
3 |06, 1.0|1.06([1.94| 1.0|1.94|0.52| 0.8[/0.42|1.57| 0.8 |1.25
2 093] 1.0|0.93|1.58| 1.0]1.580.76| 0.72 0.55 | 0.78| 1..0]1.78
1 (077 .9]0.69 |1.40( 0.911.26[0.39| 0.7200.281.33( 0.9 |1.19
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Fig. 9. Structural system of C-structure.

Phdto. 29 Residﬁi‘ﬂ”s’tt;ry— I;'hato. 30 Breakage 6f tnrnbuckle and brace.
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Table 3. Results of analysis of horizontal load carrying capacity.

No. Braced Frame

of  |Dead at yield Pure Frame

Story |Weight of braces

at breakage

at yield of frame of braces

IW QY
® ®)

1 20.8 5.2 0.25 14.9 0.72 17.5 0.84 50.9 2.45
2 40. 4 5.2 0.13 14.9 0.37 17.5 0.43 42.0 1.04
3 60.0 5.2 0.09 14.1 0.24 16.6 0.28 45.7 0.76

W | s | @ | Qu | Qu | Qu
® W | W W

QY
W

H(t)

20
H(t)
t
|
H
10 ST —— 50
/ o —
7
0 1 26 5 tcm) 0 6 ' 2 )
(a) Braced frame. (b) Pure rigid frame.
Fig. 10. Assumed restoring force characteristics.
Q(t
) OQ(t) 20 (t) 20t:\(t)
10 10
/ Alem) Acm) Alcm)
-20 0 10 -10 0 10 -0 0 10
-10 -10 -10
=20 =20 -20
(a) Ist story (b) 2nd story (c) 3rd story

Fig. 11. Results of response analysis. (Braced frames)

— 15 —



232 FABIEWIEHTE M 225 B-1 (O 54. 4)

Q(t Q(t Qf(t
50 ) 50 (t) 50 (t)
25 25 -25
N aem Alem) Akem)
-10 -5 0 5 -5 0 5 -5 0 5
-25 -25 -25
-50 -50 -50
(a) Ist story (b) 2nd story (¢) 3rd story

Fig. 12. Results of response analysis (Pure rigid frames).
FIFTIE T f — 3y 7 WA ST DO D EEFEAE ZF I LTk Fig 10 (a), (b) IURTHIC
SR (Wi LT Positive Bi-linear, fifi 7 — # »1Z 4} LT Elastic-Perfectly Plastic) Zfu ¢, 3
JeRZEH RN 1 B TR X MR MIEIT & B I se8t D NS iR EAEL & UTITE » Fo sy
WF%&U‘ Figs. 11,12 (TR Y AAELOJE bR RIGELE & AR E TN/ E MO THRELDOTH
FTHRICHEZOD, 1RICEN U TO0 B ACEEE 17Tem BEDZ LR OHMB ML TH > THAUR
ZAfetEAsER T 5,
3.4 DREEVY—
B 3B HOBYT, -3 H OB, PSSR, st i L oEs (L—50%50%6) &
—fE s X BRSO OSATICE XN T3 (Photo. 31, Fig.13), 1HTI, X TOHDD,
ST v P EEEES OO AV P U X B WM TR L7c (Photo. 82) . BUS T oS U

— 337 . = ‘
S
| EDS OO
L3000~ 19000 -] k5000 -+5000--£c00 - 50004
b . Beams 2
H-Shape™f §
R 06 g
-t N,
brjcaic . L i ®S
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/ H-Shape{wid hdﬂangcs< §
/ 200mmN} P
I o }— 10000 —L— 10000 ~~
Photo. 31. Damage of D-building. Fig. 13. Structural system of D-building.
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Photo. 32. Breakage of braces. Fig. 14. Assumed restoring force characte.istics.

CEDOTTTIR - EREIT ORE, FECI3, el 2320 240BEHE, Ui E%0
B EREERAEH MBI DN E L o o EMTRIE N, BRERCE ST Fig.ld 0 kS5
EeFalb3nizmE e Hhoicd LT Posilive Bi-linear, #5 — # izl LT Elastic-Perfectly
Plastic) =R T, WILRBRAFEH L BT OMBERFLE N-S BMEAELE LTS » Zfh Bl
Frestd 5 BEREERTEREE Fig. 15 IRT . 1B TOREIRS) OEBHER X 0 5H Lic LB
B O ORRERAZES 7.5cm 2B THETAFHRENRI NS CORBRBOHNO XS ihEE—EE Y
THHOHEPEREINT, Fl75 vy 90 TH ey P v — MBS ARHCREE 7 5 v 9 36

t
20 0Gl(t) 20 OQ( ) 2000(0
100 100 100
A(cm) A(Cm) A(Cm)
-5 = 5 10 1B -5 0 5 -5 0 5
--1’()‘.')l =200 =200
(a) lst story (b) 2nd story {c) 3rd story

Fig. 15. Results of response anaiysis.
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IS 2R RMBMEDTEL, ZOBEHWERIZPIED /N LB EMbD > TOEO TR OBRICIE
TRTNEERTILEND S, TLMETORN MRICKZHEXBOD ZHET, AAOLSK75 Y
VIBICH U TREBOBIADK &  BHIFHBEENNIOVBAICE, B0 hROBIERREZICK SISBYE
BRI BTSNV D Bz HK v bARRBMTEICRET A 5 O TR F RELOBSRIE S OLBBIETES S,

4. HESHIVIY - MEXREELBRAEOEE

41 B B N B

HARSEREST, SROBBCLIHEREREBL LD EMNNESN, EBESR, HBHB2 v
7Y — b EOHFICETIREL/METEC L L7, HEEHBICEOTHEEMRTE 1B 1 RBET
3, HICRBEEE 01, 2 DERMERICOWTHREETEY, FomERRB0HRICTRE » B 2 RAE
T3, SEOKRAGEORMGNHEEELL, UL, LTOREHESEOSERECEL TR, 40
HRICL->TC, BEOHKESSE V2 ) — r REYHLMD TROBELEBR L C &, MEHRICRARD
DY ORRDBEADIELE L THOEDT, KERFEELZFLBYIORTI S TR, LRNLNEREDX
REQZURENHZCEREORALD, 7 vr— VEEZIEICLTARBELTE>2EE LT,

BRS3EDLI0F FIANCEE 3 IROBIMBEHERTIV, UIBTRICH 2%BHE V7 ) —  BEHOEY,
T, BREESLE~ BICAREEER FAOKEHFI V2 ) — FESICOVTRE, FEMEE
WTHERL, MELTHRVSDICDNTIE, DUE
NEORE BT,
HUEHEER ORI L 2 &, HEMEICIIATR

Table 4. Number of steel reinforced concrete
structures in Sendai.

Number of stories Number of Structures* 1B -7 TRV ORM** 3 Table 4 ILRE N3 X
7F 82 (32) S, E300HTHE, £05 bIFEEEEAB L
SF 0 @B Ut R oo, Table 3 0 () OWIKRT &
S 10 BAT B, TNHRITNTEEHL 22
oF 6 (6) ) - FETHB. B O 200 EOKEHMISBEL D
10F 35 (9) Y7 Y~ FETHEY, AEIELBR s740ET
11F 37 (28) b5, BELRIXAEEOAKBEEETFUNICTEEL,
FREARMZ OMARNSHEES LY, BIHELCT V7
12F 5 (@ — MRECBAEEE L.
13F 0 WEEBR, MY W SRR EES Bho
5 UF 1 (2) | BENCETAWE RROBR, FAREFRRICEL
T, FAEE JEHER:, FOiAs, CBE -y
BF 0 Y, BEAM, REKE 75 2CETEb0RE
16 F 1 (1) TH5Bo
17F 3 (2) 4.2 AEEROEE
5F 10 Table 5 i3, FAEHRI L ZH;FTEERHBLOHH
BOSKEHTZ v 7 ) — FEYOBEDHIE, #HE
294 (95) BERUIbDTHB. & CIHELEHIOROS

(1978. June) BB THZDT, WERRSHMEREEI LTRD
* Numeral in parenthesis shows the number T3, ARKRZ X5k, FhBEORD, & W
of apartment buildings. BELEKEARVUENEELH0R13%TH B

o (IETTREEEETE, "TREUESICEBLOBA TOmY ORI L$EHTz 27 ) — v
BETBLIHEHELTNE0DT, SEOHEBEHG 27 ) — 1 EYOREREONRELT, THE
Dbyt BELK,
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Table 5. Damage of apartment buildings 1n Sendai.

7

E Damaged Portion I Ngamlegregf Structures Psgigggzz%eéifructures
M ements | 1 %

|
Non-Structural Walls ; g; % gi Za } 57 %

: Ground C 187 V 7{7 o ig % B
Doors and Sashes ‘} 24 t 25 %
High Tanks oz | B
Glass in Windows | 15 | T

~ Number of Damaged Buildings =~ =
Total of the Confirmed Number of Structures (95)

* Percentage of Damaged Structures =

B, DUEIRORBBOLINLEZNMREIZ LV BDTI
724, AOMEIC X B8 D ¥ 7 ) — bkl
(B0 FIkSoO S ESiRgMTh-7cLnd T &
MTEXD .

UL, JERER: AR OO ML S XU A W
12X BRI, PO BB RIS b hs33%, Bk
HSHEEEA ¥ LD AS24% T, HEE WD ET%E N
3D TEOMIE R LTOS . . 3

SR ORI~ 7 ) — M OUT S, R 5 S s
B DR WHENESI ENTNED, ZOYRHIE DS Photo. 33. Damage of non-structural walls
& 20BFEHE O I HSITT AR BT IR NS O BB A S T in apartment building.

W5,

Photo. 33 (3, & 2 LREEOMIENE FO LT, Phote.34 (3, T DMl Phote.35 (3, /¥u3
Z—{OBEONEME ST, TOMPIHDTREL, LLOHAINSOIO X SICHHIIBE IO
OREMFABIE L, TORDIIAITEDSE LS -7, BT E > TEME >/ LTRIE
L7 bDOTH D,

SHUKHL KB LU 7 AOEERLZNEN0%MKREE > Td. LT, Jifihiod
AT P18 S LIMDER HESE O MBHIE E ARSI HNIT 5 & HEHEEIR BO TR RKOR20% D
WHSHIIC & - THERESRE R DR A KD WHE 2T sV XD,

Fig. 16 13, JEMSWOHIICHWT, M, LERRBUS s, RWSEREEFCSI T, ot
OMRAER LI bDTH S, IHHEHICH B IIEHCE S < O@MAH D, T DIFMIMLH 5013
WIS HETTATORIC b ST, FHER, MEHICH 290 i TIREEZ S e d s T
EBREINTNS,

WEMEEETL - 7 EHE OB HITT v 7 ) — PAMYT, TF 2NV a vV a Y M RGORES
HELTOLLOMEPYED o, ZDFER, TFRN a0 P 94V NROOMSEY )T 5 v ZLE,
BIO, ZOLMEORBICEE SOT, OMIrOLVEM OB, THIOMI, S Oml, ¢35~
v P ASN—DRKIEEDWEENSLTO S,
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Shear failure of non-structural

Photo. 35.
walls near openings.

Photo. 34. Shear failure of non-structural
walls near openings.
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16. Distribution of damage of non-structural walls in apartment buildings.
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Fig. 17. Load carrying capacity ol single-angle braces.
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Fig. 18. Deformation capacity of members Fig. 19. Idea for reinforcement of the end

with a bolt hole. of braces.
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Fig. 21. Reaction force at the joint in pre-cast Fig. 22. Reinforcing requirements for block
concrete walls. walls.

—D2THb, Fig. 22 IR L-DORESR 10cm 7 u v 7 2#8E UTERABRE ENELSHGROBERERL
12bDTHB. Mhnlz7 vy 7 OBABRMCTER 28 ~I0REENRFKKTHAH, —AHBTRULOI
Tay s 1B AOBATHGEZE L IRORGIL TS 5. RHBE LOBEREILTS, 7ovs1H
iz 13¢ &5% 1 AOBATERELTHMB XOBEI LTI BIZANRTH B Ehbhr b, —F,

Tay BT BRCEEALLADEY, BF HRIBMBEREDEFDIKOL 50E0T Fig 23(a),
b) DEIREHNEOH LES - HEBRAEDICL L, (© HOX S IGERAINGE LENEBER LD
ENITVBABKBATH B, COXHBBEH/ICRIHED hELLFTEEAN DROKHMEREL
FTORFEITE » THEMCER I I EbELZONX S, Fig 24 3, ZOXI REFRBEEELCKOR

[ | Overturning [
| ' i 10
|. | !
- e ] T - |..—~ — ‘l_:_
] i = o5
£ Y =
E ' \P; 3?!
| | T )
Border line Border line ° L
of lot of lot 20
(a) (b) (c) (d) Fig. 24. Requirement for depth of embedment
Fig. 23. Idea for foundations of block walls. of foundation of block walls.
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Fig. 27. New idea for arrangement of reinforcements in walls between openings.
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